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Introduction
− Comprehensive modelling of large scale CFB reactors is not yet feasible with
the currently available commercial CFD codes
=> engineering models have to be applied instead.

− The CFB3D-model is a semi-empirical model originally developed for
simulating CFB combustion furnaces.
− In 2010, major gasification reactions were implemented to the model:

− Water-gas reaction

C + H2O → H2 + CO

− Boudouard reaction

C + CO2 → 2 CO

− Shift conversion

CO + H2O ↔ CO2 + H

− The following slides present a short description of the model and modelling
examples of three case studies.

Background
− Combustion in a CFB furnace is 3D.
− Comprehensive 3D simulation of the large scale
furnaces with fundamental CFD codes
is not yet feasible.
− CFB3D is a semi-empirical code for calculating the
3D CFB process in steady state conditions.

− Besides CFB air-combustion, the code has
been applied for modelling oxycombustion,
gasification, calcium looping systems,
and bubbling fluidized beds.
Modelled oxygen concentration field
in a 460 MWe CFB.
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Scope of the Model
−

Flow dynamics of gas and solids
−

−

−
−
−
−

Drying, devolatilization, char combustion,
water-gas and Boudouard reactions

Comminution of solids
Homogeneous combustion and
gasification reactions
Heat transfer
Sorbent/limestone reactions (incl. sulfur capture)
NOx emissions
Solid material types:
−

−

Semi-empirical submodels

Combustion and gasification of fuel
−

−
−

Outlet to
cyclone

fuel, sand, sorbent (unlimited number of each)
− fuel = char+volatiles+moisture+ash
− sorbent = CaCO3+CaO+CaSO4+CaS+inert+moisture

Gas components:
− O2, CO2, H2O, SO2, CO, H2, CH4, C2H4, Cg, H2S,
NO, N2O, HCN, NH3, Ar, N2
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50 MWth gasifier model, which has been
used to illustrate the different phenomena
in the following slides.
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Gas combustion reactions

Shift conversion

In addition:

CO + 0.5O2 → CO2

CO + H 2O ↔ CO2 + H 2

Limestone reactions

H2 + 0.5O2 → H2O

(CaCO3, CaO, CaSO4)

CH4 + 2O2 → CO2 + 2H 2O
C2H4 + 3O2 → 2CO2 + 2H 2O

Nitrogen chemistry

H2S + 1.5O2 → H2O + SO2

(HCN, NH3, NO, N2O)

Homogeneous combustion and gasification equations
−

−

Different combustible gases burn in presence of oxygen:
C2H4 + 1.0 O2 → 2 CO + 2 H2
CH4 + 0.5 O2 → CO + 2 H2
H2S + 1.5 O2 → SO2 + H2O
CO + 0.5 O2 → CO2
H2 + 0.5 O2 → H2O
The reaction rate expressions are based on literature and tuned
by validation studies, for example the reaction rate of CO:
mol/m3s

−

In addition, a reversible shift conversion is modelled:
CO + H2O ↔ CO2 + H2

(Biba et al., 1978, Ind. Eng. Chem. Process Des. Dev. 17(1), 92-98.)

kshift = tuning factor = 0.1 (Petersen & Werther, 2005, Chem.Eng.Sci 44, 717-736)
Shift conversion rate in
air-blown 50 MWth gasifier

Gasification of char
−

−

−

Two gasification reactions of carbon in char have been modelled:
Water-gas reaction:
C + H2O → H2 + CO
Boudouard reaction:
C + CO2 → 2 CO
Assuming that the other elements in char are bound to carbon, the
hydrogen, nitrogen, sulphur and oxygen are released at the same
rate constant as the carbon is gasified (forming N2, H2S, H2, O2)
The reaction rate correlations were simplified from literature.

Petersen & Werther, 2005, Chem.Eng.Sci 44, 717-736:

Simplified equations (k = fraction i specific tuning factor = 1) :

Water-gas and Boudouard reactions
in air-blown 50 MWth gasifier

Case study 1: Air blown 50 MWth gasifier
−
−

−
−
−
−
−

Thermal capacity: 50 MWth
Fuel: wood based biomass
5.2 kg/s
− 49.8% volatiles, 9.0% char
40.0% moisture, 1.2% ash
Sorbent: calcitic limestone
0.04 kg/s
Make up sand
0.04 kg/s
Grid air
5.75 kg/s
Secondary air to fuel inlets
1.40 kg/s
Calculation mesh 41 200 cells.
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Koski, M., et al. (2011). Three-dimensional modelling study
of a circulating fluidized bed gasifier.
In: International Conference on Polygeneration Strategies.
Myöhänen, K., et al. (2011). Applications of 3-D CFB model on
oxycombustion, gasification, and calcinator in calcium looping.
In: 62nd IEA-FBC Meeting.
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Case 1: Gasification reactions
Boudouard reaction
C + CO2 → 2 CO

Water-gas reaction
C + H2O → H2 + CO

Shift conversion
CO + H2O ↔ CO2 + H2

Case 1: Effect of gasification reactions on CO and H2
Without gasification reactions

With gasification reactions

Case study 2: Synthesis gas plant producing bioliquids
(steam/oxygen blown gasification)
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[Source: VTT, Technical Research Centre of Finland]
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Case 2: Pilot vs. model geometry
Product
gas
Separator

Reactor outlet

Reactor modelled
three-dimensionally
Mesh size 8800
hexahedral cells

Return
leg
NSE Biofuels Oy Ltd.
Demonstration plant 12 MWth
Stora Enso mill, Varkaus, Finland
[Source: Foster Wheeler Energia Oy]

Secondary gases
(oxygen, steam, nitrogen)
Fuel (wood based biomass)
Sorbent (calcitic limestone)
Make-up sand
Fluidization gas (oxygen & steam)

Case 2: Evaporation, devolatilization, char combustion
=> total heat from reactions and temperature profile

Case 2: Combustion of char vs. gasification reactions
CO from combustion
of char

Boudouard
reaction

Water-gas
reaction

Shift
conversion

CO + H2O ↔ CO2 + H2

C + ½O2 → CO

C + H2O → CO + H2
C + CO2 → 2CO

Case 2: Gas concentration profiles
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Case 2: Average profiles and comparison to measurements
35

Dry gas composition
(vol-%,dry)

Moist gas composition (vol-%, wet)

70
60
50

Measured
Modelled

30

O2
CO2
H2O
CO
H2
CH4
N2

25
20

15
10
5

0

40

CO

H2

CO2

CH4

30

H2 O

20

H2

CO2
CO

N2

10

*

CH4

0

O2

0

0.2

0.4
0.6
Relative height

0.8

1
*) N2 share high in pilot
due to purge systems.

Case study 3: 320 MWth pressurized gasifier
(steam/oxygen blown)

Example: Fuel feeding disturbance
−
−
−

Malfunction in fuel feeding system. One or more feeders dropped out.
Effect on the quality of product gas.
Various malfunction analyses necessary for practical plant evaluations.

[Courtesy of Foster Wheeler Energia Oy]

Commercial scale O2-H2O gasification plant
−
−
−

© 2012 Foster Wheeler. Courtesy of Foster Wheeler Energia Oy

Thermal capacity: 320 MWth
Fuel: wood based biomass 20.2 kg/s
Synthesis gas to FT-diesel/SNG

Effect of gasification reactions in CFB combustion
−
−

In combustion processes, the effect of gasification reactions is small compared with
combustion reactions.
In oxygen-fired combustion, the role of gasification reactions increases due to higher
content of CO2 and H2O.
Modelled water-gas reaction in OXY-CFB-300 furnace (Compostilla demo, Spain)
Air-fired

Oxygen-fired

Discussion and summary
− The development of CFB gasification processes requires valid modelling
tools, which can be used to support the design and to optimize performance.
− Modelling of main gasification reactions have been implemented to a semiempirical three-dimensional model, which has been originally developed for
modelling CFB combustors.

− The validation of the model continues and the model is already used to
support development of large scale gasifier units and to study and
understand the effect of gasification reactions in oxygen-fired combustion.
− Reaction submodels have an essential role in modelling of gasification.
− Reliability of predictions
− Scope of the reaction mechanisms (e.g. hydrocarbons)

