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Abstract 
In the last two years several experimental tests were carried with the CRIBE pilot 
scale gasification facility. Although practical tests are utmost importance to 
highlights the process performance and reliability, there is a remarkable interest in 
a deeper knowledge of the gasifier behaviour. To this purpose a distributed model 
of the gasifier was developed. The model is meant to be used as interpretative tool 
which may help the analysis of the experimental tests. 
The model takes into account the sub-processes and heat fluxes involved in the 
gasification system.  
Specific tests with vine prunings were used to validate the model, which proved 
capable to reproduce the gasifier temperature profile. On the other hand the 
predictions of the gaseous species mass flows were not completely satisfactory. 
The model provides important information related to the stabilization of the 
reacting front, taking into account the effect of biomass loading rate and the 
biomass moisture content.  
 
Introduction 
Fixed bed gasifiers can be simulated with different approaches, among others 
kinetic models can provide detailed results (Arnavat et al., 2010), which may aid 
the interpretation of the experimental results or planning new experimental 
campaigns.  
A survey of several kinetic fixed bed gasifiers (and combustors) models (Hobbs et 
al., 1992; Bryden and Ragland, 1996; Di Blasi, 2000; Shin and Choi, 2000; Tinaut 
et al., 2008) highlights the following common features: 

• no momentum transport is included and the solid and gas phase are 
represented as plug flow reactors; 

• thermally thin spherical particles with no size distribution; 
• axially and radially uniform gas and solid flow. 

 
The models usually take into account the all the heat fluxes and typically intra-
solid radiation is represented according to the Schuster and Schwarzschild equation 
(Shin and Choi, 2000). 
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In spite of the large quantity of experimental studies, there are not many modelling 
works related to kinetic models of throated downdraft gasifiers. 
This paper reports the development of a model of a pilot scale throated downdraft 
gasifier. The model is used to simulate the behaviour of the gasifier during a series 
of experimental tests with vine prunings as feedstock.  
The aim is to provide researchers dealing with experimental activities with an 
interpretative tool capable of supporting the analysis of the experimental results 
and the design of the experimental runs.  
 
Gasification of vine prunings 
The experimental tested were carried out with vine prunings (Moisture 17.6%, VM 
66.6%, FC 13.7%, Ash 2.1%, Lower calorific value 14.8 MJ kg-1) as feedstock for. 
The CRIBE (Centro di Ricerca Interuniversitario Biomasse da Energia) 
gasification facility is presented in details in Simone et al. (2012).  
The gasifier can be operated at different syngas flow-rate by modulating a valve 
positioned on a by-pass of the blower. Closing the by-pass valve increases the air 
flow to the plant, leading to higher syngas productivity and biomass consumption.  
Consequently the gasifier is charged more frequently to keep constant the biomass 
volume in the gasifier. 
The following parameters were evaluated during the experimental runs in order to 
produce data for the model validation: 

• temperature profile inside gasifier (portable K-thermocouple);  
• syngas flow-rate (flow-meter); 
• gas composition (micro-GC Agilent 3000).  

 
Mathematical model 
The model represents the lower portion of the gasifier with a 1-D domain. The 
modelling approach (Figure 1) relies on the separate treatment of the gas and the 
solid phase. Bothe the phases are described as sequence of plug flow reactors.  
A completely stirred tank reactor (CSTR) is positioned between the two gas phase 
PFRs to take into account the air inlet. The two phases are coupled with mass and 
heat fluxes (radiation and convection) and exchange heat with the gasifier walls.  
The representation of the gasifier relies on assumptions reported in the 
introduction, moreover the void fraction is considered constant and equal to 0.5 
throughout the gasifier. 
The model is based on dynamic conservation equations describing the conservation 
of mass, energy and chemical species within the gasifier. The gaseous species 
included in the model are O2, N2, H2, CO, CO2, H2O, CH4 and tar. N2 
concentration is constrained to the total gas density which is calculated with the 
ideal gas law.  
The solid phase is schematized with three main constituents: moisture, biomass and 
char. The density of the solid phase constituents are expressed as bulk densities. 
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The domain is meshed with several cells of thickness dz. The mass and energy 
conservation equations are solved over each cell. All the chemical and physical 
phenomena are included in the equations with source terms or further equations. 
Biomass drying and devolatilization are described with first order Arrhenius type 
reactions. Both processes are assumed to have a negligible effect on the biomass 
particle size. The distribution of macro-products (gas, tar and char) and gaseous 
species (CO, CO2, H2O, CH4, H2) from primary devolatilization are assigned a 
priori according to Di Blasi (2000). A first order reaction takes into account 
secondary pyrolysis, with tar decomposition leading to further CO, CO2, and CH4. 
The char particle is consumed via oxidation (O2) and gasification reactions (CO2,  
H2O, H2) which are represented with a linear dependence on the 
oxidizing/gasifying agent concentration and affected by diffusional and kinetic 
resistances. These heterogeneous reactions reduce the particle size according to the 
ash segregation model reported in Hobbs et al. (1992). 
Oxidation of CO, H2, CH4 and TAR is taken into account according to the 
treatment proposed by Frigerio et al. (2008), so the combustible gases have to mix 
before they can react with oxygen. Methane steam reforming and the water gas 
shift reaction complete the set of homogeneous reactions.  
Mass and heat transfer coefficients are calculated according to the interpretation of 
Di Blasi (2000) of the Gupta and Todos (1963) coefficients. 
 
 

 
 

Figure 1. Schematic representation of the modelling approach. 
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Validation results 
The gasification tests were carried out with two different biomass loading rates (35 
and 50 kg/h). Figure 2 compares the experimental temperature profile and the 
calculated solid temperatures. According to the model the temperature in the 
gasifier starts to increase at 0.1m, at the beginning of the throated section. Moving 
downward, there is a steep temperature increment culminating at 0.435 where the 
solid phase attains the maximum temperature. Subsequently, the temperature 
reduces decreases steadily until 0.8m where almost constant values are reached. 
The gas phase temperature   profile (not reported) resembles that of the solid phase 
except near the air inlet where the gas phase temperature exceeds that of the solid 
phase. Increasing the loading rate to 50 kg/h affects the temperature profile, which 
reaches higher temperatures due to enhanced heat release but becomes steeper due 
to reduced effect of upward radiating flux. The calculated profiles of the solid 
phase temperature resemble the experimental data, except for the last portion of the 
gasifier where the thermal dispersion seems to be excessive.  
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Figure 2. Experimental and calculated solid temperature profiles  

at 35 kg/h (a) and 50 kg/h (b). 
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Table 1 reports the prediction of the gaseous species mass fluxes in the two 
experimental conditions. It can be seen that the mass fluxes of CO, CO2 and 
nitrogen are quite well predicted. The maximum error for these three species is 
found for CO at 50 kg/h (9%), whereas in the other cases the error is lower than 
3%. On the other hand the predictions of mass fluxes of H2 and CH4 are less 
accurate. In this case the relative error ranges between 14.7% and 18.5% and 
between 28.8% and 47%, for H2 and CH4, respectively. The error in the H2 mass 
flux is likely to be related to choice of the kinetic parameters of some reactions 
involving this compound as product. Concerning methane, it must be taken account 
the fact the methane in the final syngas may not completely produced by 
gasification reactions but it may derive from primary and secondary pyrolysis 
reactions, whose product gases may by-pass the oxidation zone.  

 
Table 1. Comparison of experimental and calculated mass fluxes  

of the gaseous species. 
 

 35 kg/h 50 kg/h 
Exp.  

[kg h-1] 
Calc. 

[kg h-1] 
Relative 
error [%] 

Exp. 
[kg h-1] 

Calc. 
[kg h-1] 

Relative 
error [%] 

CO 17.67 17.59 0.44 21.81 23.87 -9.43 
CO2 12.78 13.04 -2.04 23.53 22.83 2.96 
N2 35.03 34.70 0.959 50.79 51.30 -1.01 
H2 0.83 0.68 18.46 1.34 1.15 14.74 

CH4 1.13 0.60 47.0 1.57 1.12 28.84 
 
Analysis of reacting front stability 
The model was used to analyze the stability of the gasifier operation. In particular 
two parameters were taken into account: the biomass loading rate and the biomass 
moisture content. Figure 2 highlights the shift of the drying and devolatilization 
zones toward the combustion zone, after increasing the biomass loading rate. 
Therefore simulations have been carried out to determine if there is an operational 
limit to the biomass throughput at a constant equivalence ratio. It was found that 
the gasifier operation is stable up to 70 kg/h. As the biomass loading rate reaches 
87.5 kg/h, no throat stabilization occurs and the reacting front shifts toward the 
bottom of the gasifier reaching a stable point at the throat end. This operative point 
is unsuitable, since the lower temperature of the reacting front (maximum T 
600°C), leads to low biomass conversion and poor syngas quality (CO 11%, H2 
9.8%, Tar 0.62%). Moreover the model was used to evaluate the effect of the 
biomass moisture content. At 35 kg/h the gasifier can be operated even with 
moisture content of 30%, but a further increase of the biomass moisture content up 
to 40% causes the extinction of the reacting front. The situation is even worse 
when operating the gasifier at 50 kg/h. Since moisture is released closer to the 
combustion zone, an increase in the moisture content reduces the solid and gas 
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temperatures. In this case, the extinction of the reacting front occurs already at a 
moisture content of 30% and the reacting front shifts toward the throat end, 
similarly to what happens at high loading rates. Again this operating point is 
characterized by low temperatures (maximum temperature 533 °C) and poor 
syngas quality (CO 6.8%, H2 8.2%, Tar 1.5%). The shift of the reacting front is a 
consequence of the imbalance between the “cold wave” coming from the top of the 
reactor associated to the solid phase flux, and the “hot wave” generated in the 
combustion zone e moving in the opposite direction mainly via intra-solid 
radiation. Unless the hot wave is higher than the cold wave the reacting front 
stabilizes in the throated zone. As the heat requests overcome the heat availability, 
the reacting front shifts toward the bottom of the reactor. 
 
Conclusions  
The model satisfactorily represents the gasifier behaviour, despite some 
discrepancies in the predictions of the gaseous species mass fluxes. The main 
capability of the model is the representation of the hot and cold waves inside the 
gasifier, which allow to determine whether a stable operating point can be reached 
or not. 
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