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Abstract 

Given the need to implement non-conventional sources for the generation of energy, it is necessary to 
characterize the natural or residual agro-industrial resources that can be used for the conversion of energy. In this 
work, a study is carried out to obtain the synthesis gas produced in a bioreactor using the gasification of biomass, 
such as pinewood, rice husk, coconut husk and palm shell, to analyze its potential as synthesis gas. This gas is 
obtained using a finite element software for the parameterization of the relevant models for the calculation of its 
production by biomass gasification through its final composition and the chemical analysis obtained from studies 
carried out on the physicochemical properties of biomass. As a result, the CO and H2 production components are 
obtained for each biomass sample, evaluated at 1020K. These results are similar to those obtained by 
experimental designs, showing that using computational techniques a good approximation is received from the 
analysis of residual material for use as fuel. 

Keywords: synthesis gases, Biomass Gasification, finite element. 

1. Introduction 
In the agricultural sector, crop products and residues are currently used as sources of energy 
generation from their use as a fuel, which can be obtained from biomass by thermochemical 
conversion or biochemical conversion. To make good use of the biomass's energy potential, its 
components must be characterized by the ultimate and proximate analysis, which indicates the fixed 
carbon content, volatile material, and moisture content. It is therefore advisable to perform gasification 
operations to obtain the production of synthesis gas present in crop product residues [1].  
On the other hand, process simulators, such as ASPEN PLUS are widely used to study conversion 
processes that involve biomass to evaluate the performance, emissions, and costs of gasification 
plants, the integrated combined cycle and gasification systems. Many studies about gasification have 
been done, such as methanol synthesis [2], indirect coal liquefaction processes [3], integrated 
combined cycle power and gasification plants [4], atmospheric combustion processes in fluidized bed 
reactors [5], fluidized bed coal gasifiers [6], coal hydrogasification processes [7], and coal gasification 
[8]. However, it was found that the work aimed at studying biomass gasification is limited.  
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The Computational Fluid Dynamics (CFD) using a validated gasification model have been used to 
examine the effect of biomass quantity on a biomass co-production process. The model was validated 
with actual operating data from an integrated gasification combined cycle plant located in Spain [9], 
where the results showed that the concentration of CO decreases and the concentration of H2 increases 
when the mixing ratio increases. Also, new mathematical tools have been implemented to downstream 
fixed bed gasifier using biomass material such as neural network and fuzzy logic to predict the 
behavior of the operation unit [10], [11]. In their results, they show that the control system makes it 
possible to establish synthesis gas production analyses by controlling the temperature in the injection 
area.  
Regarding biomass characterization, a comparative study of the central physicochemical properties of 
rice husk biomass was done. The research was carried out at the universities of Canada, California, 
China PR and Ibague Colombia. The results showed that there is a similarity between the 
physicochemical characteristics of the biomass studied from the mentioned regions and those obtained 
when the oxidation temperature reached around 1200K [12]. 
A three-phase flow model, together with a thermal equilibrium model to study the operation of 
downstream biomass gasifiers was also developed, and complemented with some gasification 
experiments to obtain pyrolysis kinetics. Then, a CFD modeling was established to predict the synthesis 
gas composition and temperature, respectively [13]. 
The performance of a CFD modeling of biomass gasification was evaluated using the finite velocity and 
eddy dissipation model by solving the three dimensional Navier-Stokes equations in a stationary state 
with the Eulerian-Lagrangian method with gas-phase chemical reactions. It lets to solve the 
carbonization gasification reactions, using the random pore model with bulk diffusion effects [9]. 
Many results obtained in the CFD software are reasonable regarding molar fractions of the species 
presented and the temperature at the exit of the system compared to the operating data, but they 
cannot be used for any biomass. Therefore, in this study the gasification process of biomass with 
descending flow is carried out using CFD analysis, evaluating the composition of the synthesis gases 
resulting from gasification of pine wood, rice husk, coconut husk, and palm kernel Cusco. 

2. Methodology  
2.1 Synthesis gas production from biomass gasification  

The gasification operation involves obtaining a synthesis gas from a solid or liquid organic material 
through partial oxidation composed mainly of hydrogen (H2) and carbon monoxide (CO), carbon 
dioxide (CO2), water (H2O), methane (CH4), heavy hydrocarbons (C2+), and nitrogen (N2) [14]. In this 
process, the reactions are carried out at temperatures between 500 °C and 1400 °C and pressures 
ranging from atmospheric values to high pressures around 30 bar, where the oxidizing agent used are 
air, pure oxygen, steam or mixtures of them [15]. Gasifiers using air produce gas with high nitrogen 
concentrations and a low energy value of 4 to 6 MJ/m3. Gasifiers using oxygen and steam as an 
oxidizer produce a synthesis gas containing high concentrations of hydrogen and carbon monoxide with 
calorific values between 10 and 20 MJ/m3. 
 

2.2 Biomass physicochemical characteristics  

The biomasses studied present physicochemical characteristics that give a good performance as a 
combustible material. Table 1 shows the results of the proximate and ultimate analysis of the samples 
of pine wood, rice husk, coconut husk, and palm kernel. 

The gasification system is a down-flow system which enters the biomass through the upper opening 
and injects high-temperature air from one side into a reduction section, and finally an outlet pipe 
above the ash accumulation tank. Fig. 1 shows the gasification system indicating the zones. 
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Table 1. Proximate and ultimate analysis 
Proximate Analysis 

 Pinewood Rice Husk Coconut Husk Palm Shells 
Volatile 0,6750 0,6233 0,7145 0,7274 
Fixed Carbon 0,2241 0,1587 0,1528 0,1687 
Ash 0,0269 0,1703 0,0126 0,0247 
Moisture 0,0741 0,0476 0,1201 0,0792 

Ultimate Analysis 
 Pinewood Rice Husk Coconut Husk Palm Shells 
C 0,5437 0,4980 0,4540 0,4860 
H 0,0647 0,0700 0,0905 0,0999 
O 0,3862 0,4240 0,4537 0,4047 
N 0,0051 0,0020 0,0016 0,0086 
S 0,0002 0,0060 0,0003 0,0007 

 

 

Fig. 1. Gasification system 

The heterogeneous and homogeneous reactions that define the gasification process are shown in Table 
2. Also, complete and incomplete combustion reactions are considered, methanation reactions, carbon 
monocyte oxidation, oxidation of hydrogen, methane oxidation and water - water reactions that 
describe the system[16]. 

Table 2. Gasification reactions 

Heterogeneous oxidation 

→ 394  
1
2

→ 111  

Homogeneous oxidation 
1
2

↔ 283  

3 → 	 206	  
1
2

→ 	 242	  
3
2

→ 2 519  

Heterogeneous reactions in equilibrium 
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→ 2 172  

→ 	 131  

2 → 72  

Heterogeneous reactions in equilibrium 

→ 2 172  

→ 	 131  

2 → 72  

Homogeneous reactions in equilibrium 

↔ 41  

→ 3 206  

Gasification involves a series of endothermic reactions, stimulated by the heat produced in the 
combustion reactions described above, which transform biomass into a combustible gas. The four most 
important endothermic reactions are: 

̶ Water-gas reaction, where partial oxidation of coal with steam from possible sources such as 
moisture from the supplied air, evaporation of moisture from the solid fuel, decomposition of 
biomass or steam supplied to the gasifier with air or oxygen occurs. 

̶ CO2 reduction, where the CO2 present in the gasifier can react with the carbon to produce CO 

̶ Water-gas shift reaction, where the reduction of steam by carbon monoxide is highly desirable due 
to hydrogen production. 

̶ Methane reaction, where methane (CH4) can be produced in the gasifier, which can be accelerated 
by nickel-based catalysts at temperatures of 1100 °C and pressures between 6 and 8 bar.  

Finally, the composition of the gas obtained by gasification depends on certain parameters such as 
biomass composition, gasification medium, pressure, temperature, the moisture content of solids, and 
the type of gasifier [17], [18].  

2.1  Computational model 

For the development of the mathematical model using CFD analysis, it is necessary to use tools that 
allow the study of fluid flow behavior represented by the K-epsilon turbulence mode K-epsilon (k-ε) 
shown in equations (1-3), [9]. 
 

 (1)

√
 (2)

0.43,
5
, , 2  (3)

Where 	is the turbulence generation of kinetic energy due to average velocity gradients,  is the 
generation of turbulent kinetic energy due to buoyancy, 	represents the contribution of fluctuating 
expansion incompressible turbulence to the overall dissipation rate. 
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The energy conservation models represented by the equation (4) are activated.  

∙ ̅ ∙ ̿ ∙ ̅  (4)

Where  is the density,  is the total energy,  is the total enthalpy, 	 ̅ 	and 	  are radial velocities. The 
conservation models of species is shown in equation (5). 

	 ∙ ̅ ∙ ̅                       (5)

Where  is the net rate of production of species I by chemical reaction, 	is the rate of scattered 
phase addition creation plus any user-defined source, ̅ 	is the flow of diffusion of species 	and  is the 
mass fraction per species	 . 

Using the Arrhenius expression, the reaction rate is calculated as follows, see equation (6), where  is 
an exponential pre-factor,  is the process temperature, β is an exponent of temperature,  is the 
activation energy for the reactions, and  is the universal constant of gases. 

                                                                                                                                  (6) 

An alternative method is the use of the non-mixed model for liquid fuel or coal combustion which can 
use the non-mixed model if the simulation includes carbon particles. In this case, the fuel enters to the 
gas phase within the computational domain at speed determined by the laws of evaporation, 
devolatilization, and combustion of coal that govern the dispersed phase. 

The mean mixture fraction is calculate as equation (7), where the term  is due solely to transfer of 
mass into the gas phasefrom liquid fuel droplets or reacting particles, ̅ is mixture fraction,  is a 
constant and  is the subgrid-scale viscosity. 

̅ ∙ ̅ ̅ ∙ ̅           
(7) 

The instantaneous enthalpy for the fractions of the mixture is estimate as equation (8). 

∑ ∑ , ,
,

          

(8) 

The time-averaged values of species mole fractions and temperature are computed as equation (9), 
where the probability density function	 , describing the temporal fluctuations of  in the turbulent 
flow,  is the equivalence ratio. 

, 	 	           
(9) 

Therefore, the modeled transport equation for time-averaged enthalpy is estimate as equation (10), 
where  account for term due to radiation, heat transfer to wall boundaries, and heat exchange. 

∙ ̅ ∙           

(10) 
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2.2 Process parameters and boundary conditions 

From the calculation procedure, the CFD program creates for each biomass an empirical molecule with 
its lower calorific value. Next, the decomposition of each biomass is represented into a volatile material 
fraction, fuel material fraction, and ash fraction as shown in Table 3. 

Table 3. Gasification reactions, [19]. 

Pinewood 
→ 	0,729 0,242 0,029  

	 0,97	 2,56 0,96 0,0146 
	 20292,976 /  

Rice husk 
	 → 	0,654 0,166 0,18

	 	 0,93	 2,62 1,00 0,0054 
	 	 26544,133 /  

Coconut husk 
	 → 	0,812 0,173 0,008 	 

	 	 0,84 3,26 1,03 0,0042 
	 	 23976,558 /  

Palm Shells 
	 → 	0,789 0,183 0,028 	 
	 0,91	 3,66 0,93 0,0227 

	 	 22654,986 /  
 

Regarding the boundary conditions, the air inlet velocity of the gasifier was configured so that the 
biomasses had the same generation temperature of synthesis gases of reference, 1020K. The air inlet 
pipe has a diameter of 1 inch, and the velocity was regulated in the range from 0,01 m/s to 0,05 m/s. 

3.  Results 
The biomass composition in the gasification system is shown in Fig. 2. It can be seen that the biomass 
is located in high percentage in the upper part of the system (red color). The bottom practically does 
not contain biomass meaning that it has reacted completely with the hot combustion gases through an 
incomplete combustion producing CO2, CO, CH4, and H2. 

 

 
 
Fig. 2. Mole fraction biomass profile in the gasification system 
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The compositions of the synthesis gases for the biomass samples were obtained. The components CO2, 
CO, CH4, and H2 for pinewood using a contour profile inside the gasifier are shown in Fig. 3, where the 
contours are similar between the biomass and the samples studied. 

 

Fig. 3. CO2, CO, CH4 and H2 percentage 

The previous results shows the stages of production of the components of the synthesis gases inside 
the gasification system, with the CO and H2 content being the highest percentage of production in the 
pinewood gasification process. Similar results were obtained with experimental measurements by. The 
temperature distribution and velocity field are shown in Fig. 4. It is observed that in the throat of the 
gasifier corresponding to the combustion zone, the highest temperature is reached. This temperature 
ranges from 700K to 1200K, and the velocity profiles reach a maximum of 0.105 m/s. 

 

 

 

 

 

 

 

 

Fig. 4. Temperature and velocity profiles in the gasification system 
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The results of the components produced in the synthesis gases were grouped for each biomass and 
then tabulated for easy reading and comparison. The results of the formulations are shown in Fig. 5, 
where the biomasses with the most significant CO production in their gasification are pine wood and 
rice husk, while the biomasses with the most critical balance in CO and H2 output are coconut husk and 
palm kernel. 
 

 
 
Fig. 5. Production of synthesis gases for biomass samples 
 

4. Conclusions 
It can be seen that modeling using CFD techniques allows a reasonable approximation of the results of 
synthesis gas production for biological material if the physicochemical characteristics such as 
proximate and ultimate analyses of the samples are known. 

Rice husk presented the largest calorific value between samples, 26544.133 kJ/kg, followed by coconut 
husk with a value of 23976.558 kJ/kg, palm kernel with 22654.986 kJ/kg, and finally pine wood with 
20292.976 kJ/kg. The rice husk is the material with the largest production since it is the residue of 
cereal most commercialized worldwide that can be used as a fuel because of its composition. It 
produces a high amount of CO followed by H2. 

Coconut husk and palm kernel in their results show a better balance between CO and H2 production, 
with higher CH4 output than rice husk and pine wood. The biomasses studied show their potential to 
produce synthesis gases by demonstrating that their highest CO production followed by H2. 
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