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Fluidized-Bed Gasification
of Biomass for Syngas

- BTL in forest industry
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Integration of FT-synthesis plant to pulp and paper  mill
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Efficiencies with Industrial-Heat Production
Efficiency = 100 x [LHV-energy of main product + high-grade byproduct energy – {electricity / 0.4}] / 

[LHV-energy of as-received feedstock]

Feedstock drying: from 50 % moisture to 30 % with secondary heat; from 30 % to 15 % with by-product steam

From: McKeough & Kurkela, NWBC, Stockholm 2008
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Production of Biomass-Derived Synthesis Gas
Initial step - two main approaches

Biomass Raw synthesis gas

to cooling, clean-up 
and conditioning

Typically: oxygen-blown 
entrained-flow gasifier

Dry
PulverBIOMASS

PRE-
TREATMENT

GASIFIER

1300 ºC +

Main technical challenge: 
prehandling, feeding of biomass

or
Pyrolysis

oil

Biomass Raw synthesis gas

to cooling, clean-up 
and conditioning

Typically: fluidised-bed 
gasifier, either oxygen-
blown or indirectly heated

GASIFIER

e.g. 850 ºC

REFORMER

900 ºC
catalytic

Main technical challenge: 
reforming of gas
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Atmospheric-pressure CFB/BFB 
gasification for kilns and boilers
• Commercial lime-kiln gasifiers
were constructed in 1980’s by
Ahlström Oy

• New development by Foster
Wheeler in 1990’s for boiler
applications

• Gasifiers are now offered by
• Foster Wheeler
• Carbona/Andritz
• Metso Power

• Feasible in size range 15-150 MW

• Fuel drying is often needed
to achieve required flame propertiesFrom: Foster Wheeler
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Efficient utilisation of wastes and biomass
residues in existing power plants

a cost-effective way to reduce CO2 emissions of power plants

CFB gasifier of 60MW

Main boiler
360 MW th

Gasifier feed 
preparation

- in operation since 1998
- no commissioning problems
- 50 000  operating hours
- gasifier availability > 95 %
- boiler emissions decreased
- payback time ca. 8 years

CFB gasifier of 60MW

Main boiler
360 MW th

Gasifier feed 
preparation

- in operation since 1998
- no commissioning problems
- high fuel flexibility
- gasifier availability > 95 %
- boiler emissions decreased
-

From: Foster Wheeler
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Source: T.Anttikoski, Foster Wheeler Energia Oy
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Corenso gasifier in Varkaus, Finland
• gasification of aluminium containing plastic reject material
• complete recycling of liquid cartoons (milk & juice packaging)
• 50 MW gas to boiler, 2100 t/year aluminium for re-use
• developed by VTT & Foster Wheeler Energia Oy in 1998 - 2000
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From: Foster Wheeler
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Sorbent
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The Finnish Approach

� Development and commercialisation of technology for producing multi-
purpose synthesis gas (syngas) from solid biomass residues:

• fluidised-bed gasification , applicable to a wide range 
of biomass feedstocks

• woody biomass, peat
• straw and other agro-biomasses
• waste-derived fuels

• novel catalytic gas reforming and conditioning

� Finland (industrial companies, VTT) has strong track record in biomass 
gasification; recent gasifiers include Lahti and Corenso AFBs, earlier 
industrial experiences also on pressurised gasifiers (Oulu, Värnamo)

� Envisaged commercial scale: 200 – 300 MW feed; preferably integrated 
with energy-consuming paper mills
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Production and Conversion of Biomass-Derived Synthe sis Gas
Main Steps in Overall Process

Main
Product

HP Steam

CO shift,
H2S removal
CO2 removal

MP Steam Off-gas

Heat

Typical pressures: 1 - 30 bar 30 bar 30 - 200 bar

Biomass

SteamSteam + O2

DRYING
GASIFICATION
REFORMING

INITIAL GAS 
CLEANING

SYNTHESIS/
UPGRADING

FINAL GAS
CLEANING AND
CONDITIONING

Commercially available 
technology:

experiences from coal, oil and 
natural gas processing

Focus of R&D efforts:

Special technology for 
biomass

Process evaluation work summarised in VTT Research Notes 2434 (McKeough & Kurkela, 2008)
and in several conference papers (McKeough et.al)
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Process Concept for Biomass-to-Syngas
VTT’s UltraCleanGas project in 1.1.2004 – 31.5.2007

� Process evaluation work
• Heat source of gasification (indirect steam, O2- or air-blown)

• Gasification pressure

• Shift conversion: dirty vs. clean, final gas cleaning

• Comparison to alternative process concepts based on entrained flow gasification 
(Choren, pyrolysis & gasification, black liquor)

• Different final products

� Supporting laboratory and bench-scale experiments
• Gasification with steam and O2/steam

• Tar and methane reforming

• Shift conversion tests with H2S containing gases

� Design and construction of the PDU-scale test unit in 2005-06
and first test series in spring 2007

� Further R&D, industrial demonstration and commercialisation
in industrial projects since 2007
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Two Gasification Alternatives considered
in VTT’s UCG project in 2004 -05

• Bench-scale gasification experiments
• Estimated performance and dimensions of industrial plants of 200-400 MW size
• Process calculations (FT, methanol)

Alternative 1: O2/steam gasification in a CFB-reactor

Wood

Steam + O2

Recycle gas?

N2/CO2 or
recycle gas

Raw gas
at 850 oC

• Fuel capacity 200/400 MW

• Target C-conversion 96 - 98 %
at low temperature (850 oC)

• No need for tar or hydrocarbon
decomposition in gasifier

• Dry gas analysis (% vol):
• CO 34,5 %
• CO2 24,0 %
• H2 31,5 %

• C4 8,5 %
• others rest

Alternative 1: O2/steam gasification in a CFB-reactor

Wood

Steam + O2

Recycle gas?

N2/CO2 or
recycle gas

Raw gas
at 850 oC

• Fuel capacity 200/400 MW

• Target C-conversion 96 - 98 %
at low temperature (850 oC)

• No need for tar or hydrocarbon
decomposition in gasifier

• Dry gas analysis (% vol):
• CO 34,5 %
• CO2 24,0 %
• H2 31,5 %

• C4 8,5 %
• others rest

Alternative 2:  Steam gasification with indirect heating

Steam

Raw gas
at 650 oC

Air

Flue gas
to steam
generation

Wood

N2/CO2 or
recycle gas

• Fuel capacity 200/400 MW

• Target C-conversion 80 - 85 %
low CO2 content

• Low gas temperature
• Combustor temperature 850 oC

• Dry gas analysis (% vol):
• CO 35,8 %
• CO2 13,0 %

• H2 32,7 %
• CH4 12,2 %

• C2Hy 4,5 %
• others rest

Alternative 2:  Steam gasification with indirect heating

Steam

Raw gas
at 650 oC

Air

Flue gas
to steam
generation

Wood

N2/CO2 or
recycle gas

• Fuel capacity 200/400 MW

• Target C-conversion 80 - 85 %
low CO2 content

• Low gas temperature
• Combustor temperature 850 oC

• Dry gas analysis (% vol):
• CO 35,8 %
• CO2 13,0 %

• H2 32,7 %
• CH4 12,2 %

• C2Hy 4,5 %
• others rest
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Comparison of Steam and O 2 gasification
- conclusions

� Almost equal performance “on paper”

• Ideal Indirect Steam Gasification most promising, but

• Direct O2/H2O gasification almost as good

� Direct O 2/H2O gasification more suitable to the target applicat ion
• Single gasifier train > 150 MW fuel

• Pressurised operation at  5 - 20 bar

• Raw gas composition suitable to filtration and reforming

• Less technical uncertainties

• More experiences within the Finnish project team

� CFB reactor offers potential advantages compared to BFB gasifier
• Carbon conversion and ash behaviour
• Operation without recycle gas
• However, the tar load to reformer is higher in CFB
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Gasification and Gas Cleaning Process
Developed and tested at VTT on 0.5 MW scale
Piloting & Demonstration in industrial projects

GAS CLEANING
• TAR & METHANE

REFORMING
• FILTRATION
• DIRTY SHIFT

NEW INNOVATIVE TECHNOLOGY
FT-DIESEL

CH3OH

ULTRA 
CLEANUP

HYDROGEN
SNG

CLEAN FUELCLEAN FUEL
GAS TO FUEL

CELLS

FUEL-FLEXIBLE
FLUIDISED-BED
GASIFICATION

• STEAM/OXYGEN
• PRESSURISED

GASIFIER TARGETS
• NO ASH-RELATED PROBLEMS
• SIMPLE DESIGN AND HIGH RELIABILITY
• HIGH C-CONVERSION TO GAS+TARS
• LOW OXYGEN CONSUMPTION

GAS CLEANING TARGETS
• COMPLETE TAR DECOMPOSITION
• OVER 80% METHANE REFORMING
• H2/CO RATIO SUITABLE TO FT-SYNTHESIS
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SYNGAS FROM  PEAT AND WOOD
HTW-PLANT AT OULU KEMIRA AMMONIA 
PLANT, 120 MW fuel, (operation in 1989-90)

HTW gasifier

Peat crush

moisture 15 %

Steam
Oxygen Recycle gas

Waste
heat

boiler

Steam

Water
scrubber

Dust

Ash

Gas to amisol scrubber
1500 k mol/h 29 bar

Sludge separation

Peat from MoDo
steam dryer

Benzene
scrubber

To naphthalene
extraction

Benzene from
naphthalene
extraction

10bar
750-

950°C

Pressurised steam/O 2-blown gasifier

• Technology was successfully  demonstrated
in late 1980’s with peat and lignite
(Oulu, Berrenrath)

• Single gasifier train 150-300 MW feasible

Improvements to the process:

• HTW gasifier replaced by CFB
- fuel flexibility, high availability
- operation at lower temperature

• New gas cooler design
- not sensitive to fouling

• Hot filtration instead of wet 
scrubbing of particulates

• Reforming of hydrocarbons
- elimination of tar problem 
- higher syngas yield
- higher H2/CO ratio
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VTT-UCG
OPTIMISED

SYNGAS R&D
& PDU-SCALE

TESTING

INDUSTRIAL R&D
& DEMONSTRATION
• REPLACEMENT OF OIL
• START-UP IN 2009

FURTHER R&D
• PROCESS OPTIMISATION
• WASTE GASIFICATION
• HYDROGEN TECHNOLOGIES

NEW APPLICATIONS
• FUEL CELLS, 2nd GEN. IGCC
• HYDROGEN OR METHANE

• RENEWABLE CHEMICALS

R & D ON HOT
FILTRATION AND

CATALYTIC 
GAS CLEANING

BIOMASS/WASTE 
GASIFICATION FOR POWER

(LAHTI, CORENSO,
VÄRNAMO)

PEAT
AMMONIA

PLANT
OULU/FINLAND

SYNTHESIS GAS
R&D IN EUROPE
AND USA IN 1980’s

FIRST SYNFUEL PRODUCTION PLANT
• 250 MW FEED CAPACITY
• 105 000 tons/a DIESEL FUEL
• 2-3 % FINNISH TRANSPORT FUEL
• START-UP IN 2012-14

1995 2000 2005 2010 2015 20201985 2025 2030

BIOREFINERIES AT PULP AND PAPER 
MILLS AND AT LARGE CHP PLANTS
• FUEL PRODUCTION: 70-150 000 tons/plants
• BY-PRODUCT HEAT FOR PROCESS STEAM OR
DISTRICT HEATING

• HIGH OVERALL EFFICIENCY

SYNTHESIS GAS FROM BIOMASS
FROM R&D TO INDUSTRIAL SUCCESS
(road map generated in VTT:s UCG project in 2006)
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The Finnish Development Path – NSE Biofuels

• National UCG project: budget 4 MEUR, duration 2004 – 2007

– Biomass gasification and gas reforming experiments employing  the 
0.5 MW process development unit (PDU) at  VTT

– Wide industrial consortium:     Foster-Wheeler , Neste Oil , Andritz-
Carbona, Vapo, PVO, UPM, M-real, Metsä-Botnia,  Stora-Enso

• Piloting/Demonstration phase now under way:

– Demonstration plant in operation at Varkaus , Finland; consortium: 
Neste Oil and Stora-Enso

18

Stora Enso / Neste Oil Joint Venture 
for F-T BTL Diesel Fuel

• 50/50 Joint Venture “NSE Biofuels Oy” to first develop 
technology and later produce next generation renewable 
diesel crude from wood / forest residues

• Currently operating a 12 MW demonstration plant in Stora 
Enso’s Varkaus mill

• Investment decision for a commercial scale plant when the 
parties have enough experience from the demonstration 
plant

Strong development consortium
– Joint Venture partners:
– Testing & research partner:
– Gasification supplier:

From Neste Oil and Stora Enso
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NSE Biofuels Demo 1 plant in
Varkaus, Finland

From Neste Oil and Stora Enso

1. Commissioning as air blown lime
kiln gasifier

2.  Testing period as O 2/H2O gasifier,
gas cleaning, FT tests

3.  Return to lime kiln gasifier

Lime
kiln

5 MW
Gas cleaning

and FT

Biomass
SiloKuivuriDryer 12 MW

Gasifier

1. Commissioning as air blown lime
kiln gasifier

2.  Testing period as O 2/H2O gasifier,
gas cleaning, FT tests

3.  Return to lime kiln gasifier

Lime
kiln

5 MW
Gas cleaning

and FT

Biomass
SiloKuivuriDryer 12 MW

Gasifier

Lime
kiln

5 MW
Gas cleaning

and FT

Biomass
SiloKuivuriDryer 12 MW

Gasifier
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The Finnish Development Path - UPM

• National UCG project: budget 4 MEUR, duration 2004 – 2007

– Biomass gasification and gas reforming experiments employing  the 0.5 
MW process development unit (PDU) at VTT 

– Wide industrial consortium:     Foster-Wheeler, Neste Oil, 
Andritz-Carbona , Vapo, PVO, UPM, M-real, Metsä-Botnia, 
Stora-Enso

• Piloting/Demonstration phase now under way:

– Demonstration plant under construction at Varkaus, Finland; consortium: 
Neste Oil and Stora-Enso

– Pilot-plant testing at Gas Technology Institute, Chicago, USA; 
consortium: UPM and Carbona
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WoodWood

sourcingsourcing

Our 2G BTL ConceptOur 2G BTL Concept

GasificationGasification

& purification& purification

FTFT--synthesissynthesis

& up& up--gradinggrading

WaterWater

treatmenttreatment

CHPCHP

plantplant

Pulp & paper millPulp & paper mill

SyntheticSynthetic

biodieselbiodieselHH22+CO+CO

CCnnHH2n+22n+2

BiomassBiomass

dryingdrying

PulpPulp

woodwood

BarkBark

StumpsStumps

ResiduesResidues

Paper mill unitsPaper mill units

Additional unitsAdditional units

Material flowMaterial flow

Energy flowEnergy flow

Gas Technology Institute, Des Plaines, Illinois, USGas Technology Institute, Des Plaines, Illinois, US

from: UPM
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• Biochemical routes to ethanol

• Different final products from
syngas (FT-diesel, Methanol,
DME, gasoline, H2, CH4 …)

• Alternative biomass 
gasification processes

• Electric or hybrid cars with
renewable electricity

TRANSFORMATION 
THROUGH
INTERMEDIATES
(SUGARS)

REDUCTION TO 
BUILDING BLOCKS
(CO, H2)

BIOCHEMICAL
CONVERSION

THERMO-
CHEMICAL
CONVERSION
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What would mean 

e.g. 5 % of EU market?
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� 15 Mtoe

� 150 gasification-synthesis 
plants of 300 MW feed

� Turnover/year:
100 M€/plant
total 15 billion €/year

� Investment potential:
45 billion € in 2015-30

� 15 plants/year at ca. 2020 => 
4.5 B€/year

Biofuels Technology Platform SRA 2008Biofuels Technology Platform SRA 2008
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800 - 1400 oC
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SYNGAS
(CO + H2)

FUEL GAS

Industrial kilns
Co-firing in boilers
Gas turbines
Engines
Fuel cells

FT-diesel fuel
Methanol, DME
Gasoline, jet-fuel
Hydrogen
Synthetic methane
Chemicals

Gasification & synthesis is …

High-Quality
Final Products

Wide 
Feedstock 

basis


