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Highlights: 

 Screw feeder and char removal were tested to analyze how they affect the gasification 
process. 

 A 10-kW biomass gasifier with a circular air intake was tested with various 
equivalence ratios. 

 Evaluation of the 10-kW biomass gasifier showed improved performance and 
reliability of the gasifier. 

 
Abstract. Gasification is considered a promising option for harnessing energy 
potential from agricultural waste, such as rice husks. This paper presents a 10-kW 
rice husk fixed bed gasifier system. This system is an improved version of a 
prototype previously developed by our research group. Some of the optimized 
features added to the gasifier include the use of a circular air intake, an improved 
gas cleaning system, and electric motors that are regulated by a programmable 
logic controller. Keeping the gasifier system’s operation stable is critical for 
producing high-quality synthetic gas (syngas). Therefore, performance evaluation 
of the presented gasifier system was conducted, and the resulting syngas outputs 
were analyzed. The evaluation also included an investigation into the performance 
of the motors, particularly those used for feeding and char removal, which are 
critical components of the system. The results showed that the improved gasifier 
system was stable with a proper feedstock. A discussion of the parameters 
affecting the composition of the synthetic gas is also presented. 

Keywords: biomass gasification; downdraft fixed bed; motor driver; motor 
performance; rice husk. 

1 Introduction 

Gasification is a chemical process that converts carbon from solid fuel to other 
forms, such as gas, liquid, or solid. The gasification process is partial oxidation 
of carbon in a fuel that has gasifying carriers such as oxygen, CO2, or a flammable 
gas such as hydrogen [1]. The result of the gasification process is called synthetic 
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gas, or syngas. The main flammable components in syngas are hydrogen (H2), 
methane (CH4), carbon dioxide (CO2), carbon monoxide (CO), and others in 
small amounts, such as propane and ethane. Another by-product of gasification 
is biochar, which contains tar and is composed of an organic fraction that is 
unconverted and inert material from the biomass [2]. 

Several processes are involved. First of all, drying is the condition when heat 
evaporates the moisture of the biomass, which expressed by the following Eq. (1) 
[3]: 

   𝑟ௗ =  0 𝑇௦  < 𝑇௘௩                                                                                                   (1) 

The next stage is pyrolysis, which is divided into two processes, namely tar 
cracking and primary pyrolysis [4]. The chemical reactions can be written as 
follows. 

In tar cracking: 

𝑃𝑟𝑖𝑚𝑎𝑟𝑦 𝑡𝑎𝑟 

௥೛మ
ሱሮ  0.261 𝑠𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 𝑡𝑎𝑟 + 2.6 𝐶𝑂 + 0.441 𝐶𝑂ଶ

+0.983 𝐶𝐻ସ + 2.161 𝐻ଶ

+0.408 𝐶ଶ𝐻ସ 

                          (2) 

In primary pyrolysis: 

  𝑉𝑜𝑙𝑎𝑡𝑖𝑙𝑒 
௥೛భ
ሱሮ  0.268 𝐶𝑂 + 0.295 𝐶𝑂ଶ + 0.094 𝐶𝐻ସ + 0.5 𝐻ଶ + 0.255 𝐻ଶ𝑂

+0.004 𝑁𝐻ଷ + 0.002 𝐻ଶ𝑆 + 0.2 𝑃𝑟𝑖𝑚𝑎𝑟𝑦 𝑇𝑎𝑟 
    (3) 

The third process is oxidation. When the system releases the energy (exotherm) 
through combustion, the carbon from pyrolysis will react with oxygen, so the 
carbon will be oxidated to become CO and CO2, as expressed in Eqs. (4) and 
(5).  

 𝐶 +
ଵ

ଶ
 𝑂ଶ → 𝐶𝑂               ∆𝐻ଶଽ଼

଴ − 110,7
௞௃

௠௢௟
 (partial oxidation) (4) 

 𝐶 + 𝑂ଶ → 𝐶𝑂ଶ            ∆𝐻ଶଽ଼
଴ − 393,79

௞௃

௠௢௟
 (fully oxidation) (5) 

The last process is reduction, which occurs around 800 to 1000 ℃. There are 
several reactions in this zone: Bouduard reaction, reverse water shift, water-gas 
reaction, and hydrogasification. 

One of the greatest biomass potentials for gasification is rice, which has one of 
the world’s highest biomass potentials. Especially in many Asian countries, rice 
is the primary staple food for the majority of the population. For every kilogram 
of harvested paddy rice during harvest, 0.41 to 3.96 kg of straw and 20% to 33% 
of the weight of paddy rice is rice husk; they are also produced as by-products 
during the de-husking process [5]. Rice husks have a tremendous energy 
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potential, approximately 15.2-15.3 MJ kg-1, as well as other advantages such as 
low emission of pollutants (including H2S, SOx, and NOx) [6]. However, it is 
necessary to design a gasifier with a medium capacity that is also simple to 
operate and maintain. 

Our group has developed a 10-kW gasifier with rice husks as the feedstock in [7-
9]. A downdraft-type of fixed bed design was chosen, because the capacity of this 
gasifier can range from 10 kW to 1 MW, making it a suitable option for a small-
scale system. In addition, gas is produced from the top to the bottom of the 
reactor, keeping the resulting tar content low (0.015 to 3 g/Nm3), and is suitable 
for internal combustion engines. Furthermore, a circular air intake system is used 
because when air enters the reactor, it must flow from the outer to the inner 
surface of the reactor, as depicted in Figure 1. The intake air that enters through 
the primary air must be uniform throughout the partial oxidation zone when 
pyrolysis occurs by convection. If the process in the pyrolysis zone is not uniform, 
the decomposition of the rice husk in the pyrolysis process into components such 
as char, tar, oil, CO, CH4, and H2 will be incomplete [10].  

 

Figure 1 Schematic diagram of circular air intake in the gasifier. 

Further consideration must be taken in the design to reduce tar. There are two 
approaches, i.e., primary and secondary methods. The primary method removes 
tar in the gasification reactor, whereas the secondary method occurs outside the 
gasification reactor [11]. However, tar reduction in the primary method cannot 
meet the requirement of the conversion tool, i.e., a generator engine. Therefore, 
additional tar removal mechanisms are required to handle tar contained in syngas. 
In our gasifier system, the secondary method is used by adding a condenser and 
a filter as the gas cleaning system, which is an optimized component from the 
previous development [12]. In the previous work, the sustainability of the 
gasification process was indicated by the related rice husk ash and the feed rate 
of the biomass feedstock. In this study, an ash disposal modification was 
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introduced to enhance the system, thus increasing the sustainability of the 
gasification process [13]. A condenser is used to reduce the tar dew point to 
decrease the tar content in the syngas by converting the phase of the tar from gas 
to liquid. Filtering is added as a support gas cleaning system, for which rice straw 
was selected as the filter, since it contains silica that can adsorb tar [14]. 
Therefore, it is a good material for reducing incondensable tar [15]. In another 
study, for reducing CO2 from thermochemical conversions such as gasification, 
nanofluids were proposed for absorbing CO2 along with tar removal [16]. Also, 
for enhanced heat transfer in mixed convection like gasification, a nanofluid 
could be an optimal option [17,18]. In addition, our gasifier system is also 
equipped with electric motors to control several actuators. The provision of these 
motors was expected to improve the operation of the gasifier.  

The objective of this work was to evaluate the performance of the 10-kW rice 
husk fixed bed gasifier. New optimized features added to the gasifier included 
the use of a circular air intake, an improved gas cleaning system, and motors that 
are regulated by a programmable logic controller (PLC). The scope of the 
evaluation included characterization of motor performance, temperature analysis 
during an experimental run, and evaluation of gas composition. 

2 Materials and Methods 

2.1 Biomass Feedstock 

Rice husk was used in this work as the feedstock to generate syngas. Table 1 
shows the ultimate and proximate analyses of the rice husk sample used. 

Table 1 Proximate and ultimate analyses of rice husk. 

Parameter Unit Result  Method 
Proximate:    

Moisture in Analysis %, adb 8.6  ASTM D 3173 
Ash Content %, adb 20.5  ASTM D 3174 

Volatile Matter %, adb 57.6  ISO 562-2010 
Fixed Carbon %, adb 13.3  ASTM D 3172 

Ultimate:    
Carbon (C) %, adb 35.52  ASTM D 5373 

Hydrogen (H) %, adb 5.8  ASTM D 5374 
Nitrogen (N) %, adb 0.5  ASTM D 5375 
Oxygen (O) %, adb 37.6  ASTM D 5376 
Sulphur (S) %, adb 0.12  ASTM D 4239 

Higher Heating Value: kJ/kg 149.182   



Performance Evaluation of a Continuous Downdraft Gasification 
Reactor Driven by Electric Motors with Manual Mode of Operation 

711 

2.2 Experimental Setup and P&ID Control 

Based on the initial conditions, this experiment used a single-stage process by 
adding intake air of 4 to 7 Hz that was then converted into an equivalence ratio 
value. The exhaust blower (EB) as a medium of transferring syngas was regulated 
at 5 to 15 Hz, with the addition of a vibrating grate (VG) to maintain the 
continuity of syngas generation in the reactor. The purpose of this experiment 
was to obtain the optimal operational value to reduce the heating and determine 
the composition of the resulting syngas. Data were recorded for 15 to 90 min. 

  
(a) (b) 

Figure 2 (a) Experimental and (b) P&ID schematic of the 10-kW downdraft 
gasifier system used in the experiment. 

The general gasification system is depicted in Figure 2(a). The reactor of the 
gasifier was manufactured from stainless steel SAE 304 with an inner diameter 
of 254 mm and a height of 600 mm. It was coated with rockwool as an insulator 
to prevent the heat in the reactor from escaping into the environment. Four 
thermocouples are attached to the gasification zone (drying, pyrolysis, 
combustion, and reduction) in the reactor, and two additional thermocouples are 
attached to the combustion zone and a burner for syngas combustion. 

The gasifier has a single air intake that was installed around the reactor to 
optimize the combustion zone in the gasification process. The feedstock system 
was made with a screw system with a tilt such that syngas will come out from the 
reactor through the feedstock channel. The system is also equipped with a rotary 
blade above the reactor as a syngas barrier at the top of the reactor. 

To prevent the reactor from clogging, which will result in a low gas yield, a 
translational grate system was installed at the bottom of the reactor in the 
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reduction zone through a moving mesh using the SAE 304 material. The system 
works by converting the rotation of the motor into a two-way motion; after ash 
falls from the grate, it will be collected by an ash remover system that consists of 
a screw feeder (SF) and an ash box for storage. The gasification process is closely 
related to tar reduction. The tar reduction system in this gasifier uses three 
systems with a cyclone as a separator for solid materials and gas [19], a condenser 
to reduce tar content through phase changes so that the syngas and the tar can be 
separated [20], and a filter to absorb tar that cannot be separated in the condenser. 

In the tar reduction system, the condenser plays a significant role in the gas 
cleaning process. Gas that passes through the condenser will drop in temperature 
and reach the dew point of tar. When the syngas has passed through the 
condenser, the gas will enter a filter. Tar reduction in the filter uses biomass as 
the medium; biomass can adsorb tar, and an increase in pressure drop in the 
syngas flow causes tar to accumulate in the filter [21]. For this gasifier, rice straw 
and rice husk were selected as filter media because they can be found easily and 
are suitable for the gasifier feedstock used [22]. 

The ER values were determined based on the ratio between the actual and the 
stoichiometric air fuel ratio (AFR), where the sources were obtained from the 
mass flow from the primary blower, the duration of the experiment, the biomass 
weight, and the ultimate analysis of the biomass [23] by using Eq. (6) below. 

    𝐸𝑅 =  
஺ிோೌ೎೟ೠೌ೗

஺ிோೞ೟೚೔೎೓೔೚೘೐೟ೝ೔
                             (6) 

Then we use Eqs. (7) and (8) for the actual and the stoichiometric AFR, 
respectively [24]: 

  𝐴𝐹𝑅௦௧௢௜௖௛௜௢௠௘௧௥   =  0.0889 (C +  0.375S) +  0.265H −  0.0333𝑂         (7) 

    𝐴𝐹𝑅௔௖௧௨௔௟ =  
ṁೌ೔ೝ ௫ ௧೚೛೐ೝೌ೟೔೚೙ 

௠೑ೠ೐೗
   (8) 

where the values of C, S, H, and O represent the composition of carbon, sulphur, 
hydrogen, and oxygen (percent) in the feedstock, ṁair is the total mass flow rate 
of the incoming air (kg/s), and toperation is the length time of the experiment 
(seconds). 

Four motors are used to actuate the movement of the primary blower (PB), EB, 
VG (for removing ash in the reactor), and SF. The actuators and their naming are 
also provided in the P&ID schematic in Figure 2(b). All four actuators are 
controlled by a variable speed drive. In this research, the load test of SF used an 
M-6IK200U-SFT motor by Peei Moger with a 1:5 ratio gearbox, while the char 
removal load test used a Peei Moger M-5IK90U-SF type motor with a 1:5 ratio 
gearbox. For controlling the motors, a PLC with a manual mode of operation is 
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used; four potentiometers corresponding to the four motors are manually turned 
by an operator to control actuation. Thus, the PLC will detect the load from the 
potentiometers and then the controller will set the current for each actuator.  

The PLC also provides a safety aspect for the entire system. The panel is equipped 
with an emergency push button and a thermal magnetic circuit breaker (TMCB). 
The latter functions as the proponent circuit connecting to the PLC; if any actuator 
has a fault, the PLC will turn off the system. Both methods have the same 
frequency range (0 to 50 Hz), and the aim of using a PLC in the system is to 
maintain the feed rate, ash removal rate, and temperature to make the downdraft 
gasification system stable and reliable. 

In terms of control, a rule-based control mechanism, shown in Table 2, is 
implemented to operate the gasifier. The rule-based mechanism, comparable to a 
fuzzy control system, was adapted by modeling a human operator’s skill for 
process control. In addition, it was achieved through structure identification to 
obtain the best system to operate the actuators [25]. Before regulating the 
actuators, the operator must monitor the temperature readings in the drying (T1) 
and combustion (T3) zones because these two parameters serve as essential 
references for producing synthetic gas. Therefore, regulating these actuators 
plays an important role in sustainably producing high-quality synthetic gas. 

Table 2 Rules in the control system for the gasifier (number in Hz). 

T1/T3 < 80°C 80°C–100°C 100°C–120°C >120°C 

<400°C 

PB = 5 PB = 5 PB = 5 PB = 5 
VG = 0 VG = 0 VG = 0 VG = 

SF = 30 SF = 30 SF = 30 SF = 30 
EB = 5 EB = 7 EB = 7 EB = 7 

400°C–600°C 

PB = 5 PB = 5 PB = 5 PB = 5 
VG = 7 VG = 8 VG = 8 VG = 8 
SF = 30 SF = 30 SF = 30 SF = 30 

EB = 6 EB = 7 EB = 7 EB = 7 

600°C–800°C 

PB = 5 PB = 5 PB = 5 PB = 5 
VG = 9 VG = 10 VG = 10 VG = 10 

SF = 30 SF = 30 SF = 30 SF = 30 
EB = 7 EB = 8 EB = 8 EB = 8 

>800°C 

PB = 5 PB = 5 PB = 5 PB = 5 

VG = 9 VG = 10 VG = 10 VG = 10 

SF = 30 SF = 30 SF = 30 SF = 30 

EB = 9 EB = 9 EB = 9 EB = 9 
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3 Results and Discussion 

3.1 Experimental Set-up and P&ID Control 

3.1.1 Screw Feeder Load Test 

In this experiment, rice husk was fed to the hopper at the top of the SF with an 
inclination of 60°. The test was conducted to characterize the performance of the 
motors. Three parameters were assessed: current, rotational speed, and feed rate. 
The experiments were run thrice; the average values are plotted in Figure 3. 

 
Figure 3 (a) Frequency–current graph in screw feeder test; (b) graph of motor 
speed to the current in screw feeder; (c) result of feed rate with frequency 
variation. 
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Figure 3(a) shows that the load condition draws more current than that without 
load. It can be surmised that the rice husk load increases torsion in the system, 
resulting in additional current [26]. In addition, Figure 3(a) shows that the amount 
of current in the motor was still below the maximum capacity (1.6 A). According 
to the theory of electric motors, the greater the frequency, the greater the 
rotational speed. Consequently, the resulting current also decreases. 
Experimental data obtained, inferred that there was a drop in the current, as shown 
in Figure 3(b). 

In addition, from Figure 3(b), data fluctuations could be observed. This could be 
due to data floating when the display of the ampere meter was unstable during 
the measurement, resulting in the captured data being the highest value in the 
indicator. Furthermore, the feed rate was also obtained by combining the 
experimental results with the theoretical calculation result shown in Figure 3(c). 
By obtaining a graph that relates the frequency of the motor to the feed rate, we 
will be able to control the feeding of rice husk to the reactor by adjusting the 
frequency of the motor. The calculation of the feed rate was based on theoretical 
calculations by comparing the design in the first prototype of the gasifier [10], 
obtained using the following formula using FCR, which is the amount of 
feedstock per unit time to feed the reactor as formulated below. 

   𝐹𝑢𝑒𝑙 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 (𝐹𝐶𝑅) =
ொ೙

ுு௏ ௫ ఌ௚
,   (9) 

where Qn represents the energy output value, HHV (higher heating value) refers 
to the calorific value of fuel, and εg denotes gasifier efficiency. Based on 
calculations from Andromeda, et al. [7], when the energy output value was 0.01 
MW, the calorific value of fuel (HHV) was 15.4 MJ/kg and the gasifier 
efficiency, including engine efficiency, was 15%, while the theoretical feed rate 
was 15.58 kg/hour. Figure 3(c) shows that the lowest value generated in the 
experiment was 13.95 kg/hour. Compared with the theoretical value, the system 
can exceed the required value. Therefore, the frequency must be set at 
approximately 20 Hz. 

3.1.2 Char Removal Load Test 

Char removal is the process of removing the gasification reduction product in the 
form of ash using a VG. The removed char is then stored in the char storage. A 
VG mechanism was used to remove char in the reactor; a mesh, coupled by a 
motor, moves back and forth similar to a piston working mechanism. 

The results of the char removal load test are shown in Figures 4(a)-(c). Figure 
4(a) shows that there was an increase in current when the load, i.e., rice husk was 
given to the reactor. However, at a frequency of 10 Hz, the motor experienced a 
maximum load of 0.7 A, whereas the current limit based on the motor’s nameplate 
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is 0.68 A. Therefore, it could be inferred that the VG would become critical when 
used at low frequencies. The current can exceed the maximum limit because the 
limit of the TMCB as an electric switch is increased, so the system will increase 
the temperature in the motor. 

 

 
Figure 4 (a) Frequency–current graph for char removal experiment; (b) rotation 
speed–current graph for char removal test; (c) result of char removal with 
frequency variation. 

The same phenomenon can also be observed in Figure 4(b), where the current 
decreases with an increase in motor speed. This is comparable to the discussion 
in the previous section regarding the SF load test. Furthermore, the char removal 
rate was examined by removing the rice husks at different motor frequencies. 
This process was preceded by theoretical calculations with the following  
equation: 

   𝐶ℎ𝑎𝑟 𝑅𝑒𝑚𝑜𝑣𝑎𝑙 𝑅𝑎𝑡𝑒 = 𝐹𝐶𝑅 ∗ 𝐹𝑢𝑒𝑙 𝐶ℎ𝑎𝑟 𝑀𝑎𝑠𝑠,              (10) 

where FCR is the fuel consumption rate. Based on calculations from Andromeda, 
et al. [7], with an FCR of 15.58 kg/hour and a fuel char mass of 18%, the obtained 
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theoretical char removal rate was 2.81 kg/hour. As shown in Figure 4(c), the 
lowest char removal rate produced in the experiment was 42.75 kg/hour, which 
exceeded the required limit. On the other hand, the obtained value was too large 
compared to the required requirements, so the system must be run with an 
extremely low motor rotation. 

3.2 Biomass Gasifier System Analysis 

3.2.1 Gasifier Temperature 

Four thermocouples were placed in the reactor to record the temperature 
distribution in real time. The experimental run took approximately 1.5 h from the 
start to the shutting down of the gasifier. The results are shown in Figure 5. Figure 
5(a) depicts the general temperature distribution inside the reactor. The four 
recorded temperatures represent the different zones of the current process, i.e., 
drying, pyrolysis, combustion, and reduction. First, the drying process was 
located 285 mm above the VG, with the temperature reaching approximately 
150 ℃. Second, the pyrolysis process was approximately 217.50 mm above the 
VG, with the temperature reaching a range from 200 ℃ to 350 ℃. As shown in 
Figure 5(a), the temperature rose slightly in the first 35 min and then increased 
significantly to 300 ℃, while the controller was directed by regulators to 
maintain the temperature at approximately 200 ℃. Third, the combustion process 
was 150 mm above the VG, with the temperature reaching a range of 500 ℃ to 
700 ℃. 

 
Figure 5 (a) Temperature in the reactor; (b) regulator performance in controlled 
actuators. 
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As depicted in Figure 5(a), the combustion temperature increased drastically at 
the beginning stage (reaching 583 ℃) and then declined gradually because of 
char removal. Then it increased again, before eventually reaching a steady 
temperature until the end of the experiment. This increase in temperature was 
affected by the air fuel intake from the circular tube facing the center of the 
combustion zone. When the temperature in the combustion zone is high, tar 
cracking occurs, which improves the calorific and tar value of the gas [22]. 
Fourth, the reduction process was located at approximately 56 mm above the VG, 
with a temperature range of 400 ℃ to 500 ℃. At the beginning of the process, as 
shown in Figure 5(a), a temperature change occurred with a similar value from 
the combustion to the reduction zone, because the feedstock was being depleted 
by the VG (char removal started at the 20th minute), so a drastic increase could 
be observed. However, the decrease in temperature reduced gradually and finally 
a steady temperature of approximately 450 ℃ was reached. 

To maintain the temperature in the reactor, the four regulators can be controlled 
manually with potentiometers. The changes in frequency for each motor during 
the experimental run is shown in Figure 5(b). In this experiment, the system was 
operated manually. First, the EB was used to transfer the produced syngas to the 
gas cleaning system. The system was set to run in a frequency range of 
approximately 5 to 10 Hz to ensure that the gasification process was complete, 
because if the blower is inclined, the gasification process will be incomplete, 
which will affect the syngas. Second, the air blower serves to supply fresh air to 
the reactor through a butterfly valve as safety equipment. For this actuator, the 
regulator kept a constant level to maintain the ER in the reactor, and this system 
is supported by an inclined feeder to ensure that there is no additional air supply 
except from the air blower. Third, the VG functioned to dump char into the screw 
removal system, and then the char was stored in a box. This system was turned 
on 32 min after the process began due to a decrease in combustion temperature. 
However, the gasification process still ran properly until the end of the 
experiment. The last actuator, the feeder, is used to supply the feedstock to the 
reactor; the frequency setting was increased by 10 Hz (the standard value based 
on the load test was 20 Hz) to ensure there was no void in the reactor because rice 
husk is a low-density matter. 

3.2.2 Syngas Composition 

The syngas components, which were varied using the ER variable, were CO, H2, 
CH4, and CO2, as shown in Figure 6(a). Four variations of ER values were set up: 
0.23, 0.29, 0.4, and 0.46. The sampling gas was captured after 30 min of 
experimental run for each variation and was then analyzed by gas 
chromatography–thermal conductivity detection (an in-house method), which 
was performed at the Center for Energy Conversion Technology, Agency of 
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Assessment and Application of Technology. Every experimental run had a typical 
combination of frequencies for the actuators, but only that of the primary blower 
was modified to obtain the desired ER. 

 

Figure 6 (a) Variation of equivalence ratio (ER) in rice husk gasification, 
resulting in different syngas compositions; (b) blue flame at ER value of 0.4; (c) 
red flame in the burner at an ER value of 0.29. 

In terms of H2 concentration, the value was 1.34% when the ER was at 0.23, and 
it increased gradually to 3.33% when the ER was 0.29. Furthermore, the 
concentration declined gradually as the ER increased. Similarly, the 
concentration of CO was 4.62% at an ER of 0.23 and reached its peak at 5.56% 
before it declined at a high ER. The lowest value of the CO2 concentration was at 
an ER of 0.23 when the flammable syngas was the highest. This trend has been 
similarly reported by Bhoi, et al. [25]. On the other hand, the CH4 content 
fluctuated, which could be validated by the color of the flame from the burning 
of the produced syngas. Figure 6(b) shows a blue flame, which corresponds to an 
ER of 0.4 where the CH4 content is dominant. Conversely, when the composition 
of CO was dominant, at an ER value of 0.29, the resulting flame was red, as 
depicted in Figure 6(c). From Figures 3 (the ability of screw feeder) and 6 (the 
result of gas composition), it can be seen that the char removal system was 
successfully implemented to maintain the stability of gasifier operation with the 
variation of ER that was carried out. However, the char system must be decreased 
to maximize the syngas generation. If the char system is increased, the syngas 
will be not totally generated, which influences fully-combusted feedstock in the 
char storage below the reactor. Moreover, this kind of yield will be injected by 



 Rachman Setiawan, et al. 

720 

an exhaust blower and mixed with the syngas in the burner and constitute bad 
quality syngas. 

From this study, we could obtain the syngas heating value, using an equation 
obtained from Dafiqurrohman (2016) [10]. It was shown that the highest heating 
value was reached when the value of ER was 0.29 (1.4 MJ/Kg). However, this 
value is unusually low due to the design of the reactor (the diameter is too high), 
which lowers the quality of the syngas. Interestingly, there was a fluctuation trend 
in CH4 content at an ER of 0.29, indicated by a red flame. This shows that the gas 
composition had a majority proportion of CO instead of CH4, as shown in Figures 
6 (a) and (b). In addition, the gasification temperature is also plotted in Figure 7 
for different ER variations to validate the process. Figure 7 shows that the 
gasification temperature increased as the ER increased. This phenomenon was 
arguably caused by the combustion reaction: products in this zone reacted with 
oxygen, which resulted in heating due to the oxidation process [26].  

 

Figure 7 Temperature of the gasifier reactor in terms of varying ER values in 
gasification of rice husk. 

4 Conclusions 

In summary, this paper showed the results of a downdraft gasification system that 
uses rice husk as the feedstock. First, variation of the ER in the downdraft gasifier 
system affects the composition of the synthetic gas, reactor temperature, and tar 
content. Furthermore, the best output (syngas) was obtained at an ER of 0.29 in 
this experiment, when the highest proportions for CO and H2 were 5.562% and 
3.33%, respectively. In addition, the feed rate reached a constant value at 28.8 
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kg/h or 30 Hz to produce proper syngas with an ER of 0.29 continuously. The 
results also revealed that the VG for char removal can be stabilized at 
approximately 5 to 8 Hz to keep the reactor stable with a proper feedstock, so a 
complete gasification process can be accurately realized. This work hopefully 
provides insights into the implementation of gasifier systems in real 
environments, particularly in remote areas, for applications ranging from drying 
of paddy fields to electricity generation. In the future, the gear system may be 
improved because a ratio of 1:5 is considered too high for char removal; if the 
frequency is reduced by approximately 0 to 10 Hz, the current will be high, 
affecting the temperature of the motor. 
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