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Motivation for a new method 

• In the preliminary design of a FBG, the knowledge 
of the main components of the gas produced in the 
gasifier is a key factor 

• Advanced models for FBG exist but require 
physical and kinetic inputs difficult to estimate and 
sometimes are not available to industrial 
applications  

• Simple and reliable semi-empirical methods to 
predict gas composition and reactor performance 
are not common in literature, and there is a need 
for such modelling tools 

1. Motivation and objective 
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Difficulty in modelling  

(complex Chemestry and transport phenomena at particle level) 

1. Motivation and objective 
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Difficulty in modelling  

(complex flow pattern and transport phenomena at reactor level) 

emulsion

bubble

emulsion

bubble

N2

CO2

H2O

H2

CO

N2

CO2

H2O

H2

CO

Char particle

Boundary layer

N2

CO2

H2O

H2

CO

N2

CO2

H2O

H2

CO

Char particle

Boundary layer

N2

CO2

H2O

H2

CO

N2

CO2

H2O

H2

CO

Char particle

Boundary layer

N2

CO2

H2O

H2

CO

N2

CO2

H2O

H2

CO

Char particle

Boundary layer

H2O  +  CO   H2 +  CO2

N2

C C C C

H2O  +  CO   H2 +  CO2

N2

C C C C

H2O  +  CO   H2 +  CO2

N2

C C C C

H2O  +  CO   H2 +  CO2

N2

C C C C

H2O  +  CO   H2 +  CO2

N2

C C C C

H2O  +  CO   H2 +  CO2

N2

C C C C

Volatiles

(H2, CO, CxHy)

Char

Volatiles

(H2, CO, CxHy)

Char

1. Motivation and objective 



AGB. Estimation of gas composition and char conversion in a biomass FBG 

Advanced models: concept 
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Advanced models: results 
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Past trials for simple modelling of FBG  

• Equilibrium models (EM) 

• Quasi-Equilibrium models (QEM) 

• Empirical models 

  

1. Motivation and objective 
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Equilibrium models (EM) 
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Equilibrium models (EM) 

 Advantages 

– simple to apply  

– independent of gasifier design 

– widely used  

 Failures 

– overestimates yields of H2 and CO  

– underestimates the yield of CO2  

– Prediction of gas nearly free of CH4 and tar  

– no char in the gas phase over 1000 K 

1. Motivation and objective 
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Quasi-Equilibrium models (QEM). Concept 

1. Motivation and objective 
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 Advantages 

– Improvement of EM  

– Simple to apply  

 Failures 

– Need correlations 

– Dependent of gasifier design 

– Most cases do not predict tar and/or char 

– Sometimes recommendations can avoid 
correlation but this make QEM non-predictive 

Quasi-Equilibrium models (QEM) 

1. Motivation and objective 
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To develop a model (method): 

– Based on QEM (simple) 

– With predictive capability 

– Free from ad-hoc correlations 

– Able to estimate tar and char 

– Based on established evidences 

 

Objective  

1. Motivation and objective 



 

 
  

2. Background for the development and 

simplification  
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Existing evidence for corrections 

• Heterogeneous or homogeneous equilibrium? 

– In EM no solid carbon in the gas phase over 1000 K  

 

• Steam Reforming of Methane (SRM) in equilibrium? 

– Steam reforming of methane is kinetically limited 
below 1300 K 

– methane in the exit stream of the gasifier ~ that 
formed in devolatilisation  

2. Evidences for correction 
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Water Gas Shift Reaction (WGSR) in 

equilibrium? 

– Equilibrium for the WGSR reached at 1273 K and 
residence time about 1 s 

– Between 1073 K and 1273 K the attainment of 
equilibrium has to be confirmed 

– This confirmation depends on the use of catalysts 
and steam presence: 

• Synthetic (Ni) vs. minerals (dolomite, olivine, etc) 
catalyst 

• Steam vs. air gasification 

2. Evidences for correction 
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WGSR : in equilibrium or kinetically limited? 

Experimental verification 

2. Evidences for correction 
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Conclusions from the existing  

evidence for the model 

– Homogeneous equilibrium is enough together with a 
char conversion model (kinetically limited) 

– Modified equilibrium based on WGSR and SRMR is 
a convenient tool 

– CH4 in the exit is nearly that formed during 
devolatilization. Kinetic rates of SMR should be 
included in the model when there is in-bed catalyst  

– Equilibrium of WGSR  is not generally attained. It is 
necessary to be modeled 

2. Evidences for correction 



 

 
  

3. Modelling 

 



Aim: Overall model 
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Simplifications: isolation of dominant processes 

Nseg = segregation time / devolatilisation time 

3. Modelling 
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Models of simplified cases 

3. Modelling 
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Simplified model of a FB gasifier (Nseg>>1) 
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Model concept adopted 

3. Modelling 
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Steps in modelling 

1. Estimation yields of light gases, char and tar from FPZ  (Ideal: 
experiments in lab FB) 

2. Estimation tar, methane and char conversion in CRZ by 
application kinetic models  

3. QE model: 

 - Unconverted CH4, tar and char are removed from this  
analysis formulation of C-H2-O2-N2 mass balances  

 - Mass balances with corrected C-H-O inputs  

 - two equilibrium (or approach to equilibrium) relationships 
(WGSR and SRMR) 

4. Restoration of unconverted CH4, tar and char  

 Application of heat balance over the corrected exit streams 

3. Modelling 
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• Char, methane, and tar yield as a function 
of temperature (other) 

• Light gases from mass balances with extra-
assumptions to close the system: 

– H2 and CO consume completely the 

oxygen, and CH4 and tar are not 

converted in the OZ  

– Char conversion in the oxidation zone 

(OZ) is neglected  

Model of the flaming pyrolysis zone (FPZ) 



Char conversion model 
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Tar and CH4 conversion sub-model 

3. Modelling 
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4. Results and discussion 
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The impact of the char conversion model 
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The effect of air ratio (ER) 
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The effect of Throughput 
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The effect of solids removal rate, 1/Ű2  
1/Ű2=kg/h mecahnically removed/ kg bed 
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Summary and conclusions 

1. A model based on QEA with predictive capability and easy to 
apply has been developed 

2. Used as tool for design and optimisation: improves 
significantly equilibrium predictions  

3. Valid for preliminary design 

4. Details of the model efforts: 

• Char conversion need to be modelled taking into account entrainment 
and kinetics 

• Yields of char, methane and tar during devolatilisation depends on the 
fuel and shoulkd be determined in the lab 

• WGS, tar and CH4 reforming need to be modelled with proper kinetics 

• Kinetics of char need to be determined in the lab 
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