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Abstract— Biomass gasification is emerged as a promising technology for meeting the world's growing energy demands by the waste produced in 
developing societies. The gasifier used in the remote areas for the rural application has been designed for only single feedstock and utilizing it in a 
gasifier cannot meet the energy demands. Besides, only limited works have been carried out on using the biomass blends in a gasifier through 
equilibrium modelling and experimental approach, whereas, the simulation through CFD predicts better results when compared with the other approach 
and the numerical simulation on the biomass blends are in scarce. Hence, in this article, an experimental and numerical study has been proposed on the 
possibility of using rice husk and sawmill residues in an industrial type downdraft biomass gasifier. The numerical simulation was carried out using the 
species-transport model with the k-ε turbulence model. The effect of equivalence ratio, producer gas composition, temperature distribution, and the 
calorific value of gas were studied. The results obtained from the numerical simulation is further validated with the experimental results. Both the studies 
reported that the blending ratio of 60:40 shows better performance with CO: 20.3-24.5%, H2:18.5-19.2%, CH4: -2.8-3.1% and 5.92 MJ/Nm

3
 respectively. 
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1. INTRODUCTION 
Energy generation through biomass has a major potential to 
contribute to the rising energy in India. It has been stated that 
the potential of agro-waste and other waste such as cattle 
dung, MSW and industrial wastewater in India is 
approximately 5.14 EJ, representing just over one-third (39%) 
of the total energy value of fossil fuels in 1996-1997 (13.23 
EJ), and the estimated total capacity for biomass energy in 
2010 was 8.76 EJ [1]. Nevertheless, biomass still accounts for 
32 percent of the country's overall primary energy use, and 
more than 70 percent of the country's population relies on it for 
its energy needs [2]. Most researchers find the 
thermochemical route to be the most environmentally 
sustainable and economically viable route for turning biomass 
into liquid or gaseous fuels [3]. Several experimental studies 
sawmill waste [4], cashew nutshell [5], wood waste [6], corn 
straw [7] as feedstock have been performed. The blending of 
biomass in the gasifier has been reported for coconut shell 
and rubber seed kernel shell [8], rubber seed kernel shell and 
cassava stalk [9]. The majority of the downdraft gasifiers use 
wood chips mainly as fuel. But gasifier activity cannot depend 
solely on single biomass available in any area. Thus, it will 
have to use various biomasses that are usable in different 
seasons. The use of biomass mixtures in gasifiers has been 
found to have shown efficiency as that of single biomass [10]. 
ASPEN Plus and FLUENT are used to model biomass 
gasification. All versions of the program are better at their 
simulation tool. The pyrolysis is very complicated and more 
complex to simulate in FLUENT but makes it easier to use the 
Ryield block in ASPEN plus [11]. To analyse the multiphase 
responding flows used the LES model and RANS model 
respectively. The simulation is carried out by taking the 

Langrangian approach to the coal particles and the Eulerian 
approach to the gaseous process. The result shows that the 
LES model is more appropriate for an unpredictable flow that 
will affect the dispersion of mining and particles and thus affect 
the gasification's char conversion efficiency. In the RANS 
model, the particle distribution is expected more in the 
gasification field [12]. The simulation of a 20kW downdraft 
gasifier through phenomena of species transport. The 
simulation is performed by varying the porosity and inlet air 
velocity. It was proposed that the average temperature within 
the gasifier is uniformly distributed at a porosity of 0.525 [13]. 
Parameters such as fuel conduct during feeding, fuel mining in 
dense bed, ash sintering, fuel properties, CRF and fuel 
fragmentation in dense bed with CFD need to be examined 
[14].  The species transport model is used to test gasifier 
dimensional suitability for various feedstocks such as coconut 
shell, rubberwood, rice husk, and rubber seed kernel shell [15, 
16]. Similar research was also performed by varying a 
gasifier's nozzle angle and tilt and the findings were confirmed 
by experiments [17]. From the literature, it is observed that 
only a few works for gasifier and computational simulation 
through the species transport model have been published on 
the biomass blends is scarce. Therefore, a simulation on the 
biomass mixes with rice husk and sawmill residues as 
feedstock is performed in this paper. Through the experimental 
outcome, the parameters such as species concentration and 
higher heating value were analyzed and validated.  
 

2. NUMERICAL MODELLING 
The gasifier's diameter is 640 mm and the gasifier's total 
height is 2000 mm, respectively, and the ratio of diameter to 
height is maintained as 0.32. Biomass inlet and gas outlet 
widths are 400 mm and 320 mm, accordingly. The gasifier 
zones are set at 400 mm, 850 mm and 650 mm heights for the 
respective zones such as oxidation, pyrolysis and drying, 
reduction with a ratio of 1:2:1.4, respectively. An air nozzle 
having a length of 200 mm is at a 45 ° position and is set 
above the reduction zone at 180 mm. The product gas exits 
the gasifier through its outlet. 
Among the various models available in CFD, the species-
transport model is selected for the simulation. This model is 

_________________________ 
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used to envisage the gas composition on the gasification of 
different feedstock [15]. The governing equations used in this 
study are as follows 
Equation of Mass  

                                                                                    

(1) 
Equation of Momentum    

                                                                 

(2)                                                                                               
Equation of Energy   

             

(3) 
The k-ε RNG turbulence model is given by the constants 

, , , ,  

) =             

(4) 

                                                                                                          
(5) 
The reactions involved in the gasification experiments were 
solved through the reaction of each species and convection, 
diffusion-based conservation equations. For each species, the 
generalized form of the transport equation is given as follows   
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(16) 
The mass diffusion flux for turbulent flow is given as 

                                                                               

(17) 
The chemical reaction rate is determined by the following 
expression which also included the effect of temperature and 
pressure by neglecting the properties of the turbulent eddies. 
The rate of species destruction is given by  

                                               

(18)                                                                                                    

                                                 

(19) 

 
Fig.1. Schematic diagram of the gasifier used for the analysis 
 
The gasifier is modelled in ANSYS-Workbench and is 
simulated in FLUENT. To minimize the complexity of the 
solution, theories such as the adiabatic wall, turbulent eddies, 
and steady flow are taken. The RNG k-ε range turbulence 
model [14,18] was selected to simulate turbulent related flows 
[19,20] to achieve a better result for the same form of analysis. 
Table 1 describes the reactions which are included in the 
gasification process. The full reactions are correctly combined 
into the four-zone gasifier and are coupled. Because of the 
idea of turbulence mixing, the eddy dissipation concept is used 
in this analysis. This is used to determine the composition of 
gases which take part in the gasification process that occur 
within the SIMPLE algorithm of the gasifier. 
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TABLE 1 HOMOGENEOUS AND HETEROGENEOUS REACTIONS 

 
2.1 Feedstock Selection 
Coconut shell, coir pith, rice husk, sawmill residues, rubber 
pulp, wood chips, rubber seed kernel shell and paddy straw 
are the main biomass energy sources found in the study 
region. Rice husk and sawmill residues are easier to handle 
due to the ample availability and biomass processing and 
therefore it was considered for the analysis. 
 
2.2 Boundary Conditions and the Convergence Criteria 
The biomass entry and the gas outlet of the gasifier is 
described as a mass flow inlet and pressure outlet. The air 
which enters through the nozzle is marked as the inlet of 
velocity. Under the no-slip condition, the gaseous wall is set as 
adiabatic. The proximate and ultimate feedstock analysis was 
stated in Table 2 and is properly incorporated in the 
composition of the biomass inlet. The parameters usually 
influencing the solution's convergence are nodes and RMS 
error, the relaxation factor, and physics. In this simulation, the 
convergency requirements are established with a 10

-6
 RMS 

error. To obtain a converged solution in the oxidation and eddy 
dissipation concept (EDC), a false timing step was considered 
for the turbulence-chemistry interface with a relaxation factor 
of 0.01. 
 

TABLE 2 PROXIMATE & ULTIMATE ANALYSIS OF THE FEEDSTOCK 
 
 

 

 
 
 
 
 
 

TABLE 3. DIFFERENT COMBINATION OF BLENDS 
Feedstock combination 

Blend ratio 
Blend 
symbol 

Primary 
source 

Secondary 
source 

Rice husk Sawmill residues 

100:0 B1 

80:20 B2 

60:40 B3 

0:100 B4 

 

 
Fig.2. Experimental Setup of the Gasifier 

 

3. EXPERIMENTAL PROCEDURE 
The experimental setup used for the study is depicted in Fig. 
2. To supply air to the gasification process, the air blower is 
installed before the air nozzle. The cleaned gas is achieved 
from the primary cooling point, which is installed at the reactor 
below and the water is used to remove the particles such as 
remaining carbon and water after combustion. A system 
consists of a jet washing chamber, a cooling tower, and a 
scrubber to remove the impurities. To measure the feedstock, 
an electronic weighing scale with a precision of ±1 percent is 
used. The flowmeter (Unitech) and the analyser (Electronic 
Device Tech) of the gas are having an accuracy of ± 2-3% to 
measure the flow rate of the producer gas. K-type 
thermocouples (Chromel-Alumel) are placed at different places 
on the gasifier and temperature is measured using a data 
logger. The blower driven by variable frequency drive is used 
to monitor the composition and purity of producer gas. Proper 
cooling mechanisms and ash cleaning arrangements are also 
provided for a gasifier to be worked smoothly and continuously 
to prevent tar in the gas. The gasifier is loaded to the reduction 
zone with charcoal and under which a grate is fastened. 
Initially, the wall of the gasifier was cleaned before loading the 
feedstock for the gasification process. The unit was then 
tested for leakage by sealing the biomass feed door and the 

Sl. No. Reactions 
Pre-Exponential 

Factor  
(sec-1) 

Activation Energy  
(Jmol-1) 

Reference Eq. No. 

1 𝐻2𝑂(𝑙) → 𝐻2𝑂(𝑣) 5.3 x 10
10

 88 x 10
3
 [21] (20) 

2 𝐶 + 𝑂2 → 𝐶𝑂2 93.5 x 10
3
 82.8 x 10

3
 [22] (21) 

3 2𝐶𝑂 + 𝑂2 → 2𝐶𝑂2 10 x 10
17

 166.28 x 10
3
 [21] (22) 

4 𝐶𝐻4 + 1.5 𝑂2 → 𝐶𝑂 + 2𝐻2𝑂 92 x 10
5
 80.23 x 10

3
 [21] (23) 

5 2𝐻2 + 𝑂2 → 2𝐻2𝑂 10 x 10
11

 42 x 10
3
 [23] (24) 

6 𝐶 + 𝐻2𝑂 → 𝐶𝑂 + 𝐻2 14 x 10
7
 179.50 x 10

3
 [22] (25) 

7 𝐶 + 𝐶𝑂2 → 2𝐶𝑂 34 x 10
6
 179.50 x 10

3
 [22] (26) 

8 𝐶 + 2𝐻2 → 𝐶𝐻4 4.189 x 10
-3

 19.21 x 10
3
 [24] (27) 

9 𝐶𝐻4 + 𝐻2𝑂 → 𝐶𝑂 + 𝐻2 16.50 x 10
10

 33.90 x 10
7
 [25] (28) 

10 𝐶𝑂 + 𝐻2𝑂 → 𝐶𝑂2 + 𝐻2 2.824 x 10
-2

 32.840 x 10
3
 [26] (29) 

 
 
 
 
 
 
 
 
 

Component Rice husk Sawmill residues 

Proximate Analysis (%) 

Moisture 7.9 10.66 

Fixed Carbon 19.5 15.30 

Volatile Matter 59.5 73.74 

Ash 13.1 0.30 

Ultimate Analysis (%) 

C 43.2 50.91 

H 6.0 6.13 

O 50.25 42.14 

N 0.55 0.23 

S - - 
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combustion cone chamber with an insulation rope. The 
feedstock is ignited with the aid of a small amount of red-hot 
charcoal.The ash and char produced are collected by the 
water sprayer and a rotary grate that is powered by a special 
helical gearbox mechanism is transferred to the water pond. 
The gas from the reactor is of high temperature (> 575°C) and 
the water sprayer cools down. The cooled gas is sent to the 
coarse filter again, where the gas's moisture content and other 
unwanted particles have been extracted. Around 10 minutes 
from the start of the experiment, the gas begins flowing out of 
the tank. The stabilization was observed after 45 minutes and 
shown in Fig. 3 
 

 
Fig. 3. Real rime behavior of producer gas composition     

 
Fig. 4. Real time temperature distribution on the gasification 
 
 
The gasifier temperature distribution for different zones is also 
noted and shown in Fig.4. The experiment is carried out for 3 
hours and the average values of the gas, the temperature of 
the gas and the higher heating value are noted. The 
temperature profile of the gasifier is plotted by the temperature 
measured from the start of the experiment and the 
compositions of the product gas, as shown in Figs. 3 & 4. The 
samples of the producer gas were obtained after 10 minutes of 
the gasifier process, and the gas. The temperature was 
however maintained after 75 min and each experiment was 
performed for 3 hours. The water that was used to purify the 

gas is recycled via a pump. The water samples from the tank 
are collected at the start period to determine the amount of 
mud, and the tank is balanced well to prevent the char and ash 
to settle at the tank bottom. The volume of tank in the water 
and the differences in sample density were determined for the 
residues of carbon and ash. The measured ash ranges from 5 
to 6 percent and is considered negligible. However, the waste 
obtained from the tank is dried and used as compost for 
plantations. 
 

4. RESULT AND DISCUSSIONS 
 
4.1 Effect of Equivalence Ratio on Producer Composition  
The composition of the gas reported from the study for 
different blends of biomass is plotted in Fig. 5. Even though 
the numerical analysis was carried out for all the blends as 
shown in Table 3, only B3 is considered for discussion with the 
60:40 blend experimental test. It is observed that the producer 
gas composition for rice husk as feedstock is stated as 24%, 
19% and 3.1% for carbon monoxide, hydrogen, and methane 
at the equivalence ratio is 0.30. Nonetheless, when running 
the gasifier with 100 percent non-mixed sawmill residues, the 
species concentration is around 16% CO, 14% H2 and 2.5% 
CH4, which is considered negligible for all blends. It may be 
attributed to low energy content in the feedstock. The 
endothermic reactions responsible for the gasification 
reactions did not take place efficiently in B4 blend which might 
to the availability of the moisture content in the feedstock. It is 
also understood from the figure that there is a significant 
reduction in the gas composition with an increase in the 
equivalence ratio of the mixing ratio of sawmill residues there. 
Furthermore, the findings show that there is close agreement 
between the composition of gas from the simulation and the 
experimental observations for B3 with a 5 percent difference 
that may be attributed to such assumptions taken without slip 
circumstances in the study, such as adiabatic walls. This 
demonstrates the viability of the species transport model for 
the analysis of the different biomass blends. 
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Fig. 5. Influence of equivalence ratio on the producer gas 

composition for different blends 
 
4.2 Effect of Equivalence Ratio on the Calorific Value of 
Gas 
If the equivalence ratio is 0.30, the individual rice husk (B1) 
shows an HHV of around 4.8 MJ/Nm

3
. By Fig. 6, The sawmill 

residues (B4) are shown to produce 5.2 MJ/Nm
3
 at 

equivalence ratio 0.30. It is also noted that the mixing of 
feedstock components significantly decreases the HHV when 
the equivalence ratio is increased from 0.2 to 0. 40. 

 

 
Fig. 6. Influence of equivalence ratio on the calorific value     of 
gas for different blends                                                            

 
Fig. 7. Comparison of numerical and experimental results                
for B3 blend 
 
4.3 Temperature Distribution on the Gasifier  
Figure 8 indicates the difference in temperature distribution for 
all mixtures of biomass. The temperature plays a significant 
role in the effect of endothermic reactions within the gasifier. 
Once the low temperature is reached, the reactions within the 
gasifier are not completed and thus result in the low 
composition of the product gas. The studies show that the 
temperature of the gasifier measured from the B3 numerical 
mix is 193 to 234°C, 456 to 735°C, 987 to 1134°C, and 718 to 
562°C at different zones such as the drying, pyrolysis, 
combustion and reduction region. The pattern observed from 
the numerical analysis is equivalent to that recorded in the 
literature [16]. 
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(a)                                                                                                                  (b) 

                             
(c)                                                                                                       (d) 

Fig. 8. Temperature distribution of the gasifier for different biomass blends (a) B1 (b) B2 (c) B3 (d) B4 
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5. CONCLUSION 
The computational simulation of the species transport model 
was carried out with various biomass mixtures of rice husk and 
sawmill residues as feedstock in a downdraft biomass gasifier. 
Based on the latest research the following conclusions are 
drawn: 

 The producer gas composition decreases with 
increase in equivalence ratio from 0.2 to 0.40 and is 
found to be maximum when rice husk and saw mill 
residues is used as feedstock. The average fuel gas 
composition value for the B3 blend is stated to be CO: 
20.3-23.5%, H2:18.5-19.2%, CH4:2.8-3.1% 
respectively. 

 The calorific value of gas for the B3 blend significantly 
decreases with an increase in the equivalence ratio 
and is maximum at 0.30 with 5.92 MJ/Nm

3
, and the 

temperature distribution pattern is identical. 

 The discrepancy between 5-10 percent from the 
simulated tests and the experimental findings. 
Therefore, the suggested model can be used for 
forecasting in downdraft gasifier for any biomass 
blends. 
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