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Abstract- Gasification system is one example of the utilization of biomass for energy. It converts solid fuel into gasification 
combustible gas like CO, H2, and CH4 because of the reaction occurring in the gasification reactor to be used later as an 
energy source. This research will test the updraft gasification system by modifying it into a system with two outputs, namely 
in the area of the gasifier as a conventional system and the area under the gasifier in an effort to reduce the tar content in gas 
can burn. This study uses a blower with a flow rate of 108 lpm and the results of testing will be compared with the 
conventional system in order to get the characteristics of the test. The results of these tests indicate that the gas could be 
burned out of both pieces of pipe flow with LHV value of each is 4.470 MJ/m3 for the top and bottom area of 4.082 MJ/m3 
for which the fuel gas composition coming out of the upper area and below the percentage value that is approximately the 
same for CO 22.695% to 20.805%, H2 gas of 9.835% versus 9.05%, and CH4 gas at 2.66% versus 2.38%. While the value 
obtained from the conventional system is 4.473 MJ/m3 with gas composition of CO, H2, and CH4 at 21.92%, 10.51%, and 
2.74% respectively. Cold gas efficiency for systems with two output areas has a higher value than the conventional system is 
53.087% to 46.519%. 
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I. INTRODUCTION 
 
Gasification is a process of converting solid fuel into 
a gas capable of burning (CO, CH4, and H2) through 
the process of combustion with limited air supply 
(20% -40% stoichiometric air). Updraft gasification 
system that has been previously known to use an 
output area at the top of the reactor so that the gas 
produced can go straight out, whereas for the present 
study was modified so that the updraft gasification 
has two output area at the top of the reactor and also 
at the bottom of the reactor. Updraft gasification 
system that has been previously known to use an 

output area at the top of the reactor so that gas can be 
generated directly out through the output region, 
while for the present study was carried out 
modifications to the reactor so that the updraft 
gasification has two output area at the top of the 
reactor and also in the bottom of the reactor. The final 
result to be achieved from such testing is to determine 
the characteristics and phenomena that for double 
outlet system and compare the resulting performance 
with the conventional system with similar testing 
tools. In addition, research conducted by the method 
of second batch of testing to determine the continuity 
of the system. 

 

 
Figure 1 Research Schematic 
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II. RESEARCH AND METHODOLOGY 
 
This research uses the gasification reactor updraft 
UI's Department of Mechanical Engineering 
Thermodynamics contained in the laboratory 
gasification project. The addition of the gas output at 
the bottom of the gasifier so that the reactor has two 
regional gas output. Stages of testing include fuel 
preparation, preparation of measuring instruments, 
testing phases, to the treatment after the testing was 
done. The research process is divided by two 
methods, namely first batch of testing methods and 
second batch of testing methods where in each batch 
of used fuel in the form of rubber wood with a weight 
of 6 kilograms. The content of the fuel had been 
tested previously to determine the composition of the 
rubber contained in the timber as shown Table 1. In 
the second batch of testing, there is a delay time 
between batches whose length depends on the time 
needed for the temperature to decrease until it 
reached the temperature when taking the first batch 
tar to a tar taking temperature at the first batch which 
is meant for tar characteristics to be tested for other 
research is in the same condition. 
 
Table 1 Proximate dan Ultimate Analysist of Rubber 

Wood 

 
 

Table 2 Syngas LHV at Room Temperature 

 
 
Air from the blower into the gasifier is regulated by a 
valve to 108 lpm and maintained until the end of the 
test. When the testing is done, the distribution of 
temperature in the thermocouple is read with the help 
of DAQ modules and thermocouples while the 
observation of syngas and fuel flow readings are done 
manually by reading a manometer every 10 minutes 
during the test. In addition, the gas sampling is also 

done when the temperature in the combustion area 
shows the number of thermocouples around 1000oC 
to do the testing results of the gasification process gas 
composition. Calorific value of the resulting syngas 
can be calculated using equation 1.  
 
When the second burner flame goes out, then the test 
ends and the remaining amount of charcoal and ash 
are generated directly taken and carried out the next 
weighing. Two batch methods also use this stage to 
know the continuity test results and the differences 
between the two batches. Equivalence ratio and cold 
gas efficiency of the test can be calculated using 
equation 2 and 3 where the data obtained in these 
calculations is the test data is obtained. 
 
III. RESULTS AND ANALYSIS 
 
1 BATCH METHODS 
Based on data obtained from testing using double 
outlet system, and compared it to testing using a 
conventional system, the obtained data as in Table 3 
below. Analysis that can be drawn based on these 
data is the analysis performed during the first batch of 
testing and comparison of characteristics between the 
two systems used. 
 

Table 3 Characteristics of Operation 
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Figure 2 Temperature Distribution 
 
IV. ANALYSIS OF TEMPERATURE 

DISTRIBUTION 
 
Based on Figure 2, the blue area is the length of 
drying time in the reactor fuel. The longer the blue 
area resulting mean a lot of water vapor contained in 
the fuel so that the operations would be even longer 
in line with the length of drying time.  
 
Other than that of the temperature distribution, can be 
seen that the thermocouples 1 to 4 has a fluctuating 
value while the value of which tends to a constant 
increase in temperature thermocouples are shown in 
the 5 to 12, which may mean that the area is a drying 
area, while based on the average temperature of the 
thermocouple 1 till 4 can be seen that the 
conventional system and double outlet has a very 
similar gasification region.  
 
It can be said that thermocouples 1 is the combustion 
zone, 3 is the reduction zone, and 4 is the pyrolysis 
zone. But for thermocouple 2, the system of double 
outlet that has a higher temperature than conventional 
systems can be considered as a transition area and the 
reduction of combustion, while the resulting value for 
the conventional system is more prone to temperature 
reduction region. 

V. SYNGAS FLOWRATE 
 
Figure 3 shows that the lower area with a shorter zone 
has fewer flow rate value while the upper region has a 
greater value of flow rate. The resulting total value 
approximately equal to the conventional system, only 
the total value which tends to be greater indicates that 
the reaction rate occurs at a faster rate in the system 
of double outlet. In addition, the fire in the area under 
the signal is obtained faster, because the location of 
the output is closer to the combustion, which causes 
the reaction to be able to burn faster while the upper 
outlet mostly contain the water moisture coming out 
and has a large amount of fuel to be driedcausing the 
upper outlet to have a stable fire longer, but also 
burned out faster. This happens because the condition 
of the fuel that is diminishing caused the likelihood 
that the resulting syngas will go out to the nearest 
output area so that the flow rate in the region tend to 
be more stable than in the upper area with a double 
system of these outlets. In addition, there is still a bit 
of tar produced in the output area that tends to go in 
the reduction, which means the syngas produced in 
pyrolysis area exited through the lower output area 
because tar is a product of the pyrolysis. 
 

 
Figure 3  Syngas Flowrate 

 

 
Figure 4 Fuel Consumption Rate 

 
VI. FUEL CONSUMPTION RATE 
 
The difference of the fuel consumption rate with the 
same amount of operation duration and the same fuel 
capacity that is equal to 49 minutes and 6 kilograms 
indicate that the differences occur because of 
differences in the amount of residual charcoal 
produced. The remaining charcoal differences are 
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influenced by the speed of reaction that occurs when 
double-outlet system which is faster because of the 
residual char produced less the amount of 150.4 
grams versus 180 grams for a conventional system. 
Reaction rate is influenced by the amount of gas 
produced by the gasifier due to more output area and 
also high-temperature conditions. 
 
VII. EQUIVALENCE RATIO 
 
Based on the obtained value of the equivalence ratio 
is equal to 0.2115 for the testing of double outlet 
system and 0.2125 for the conventional system, it can 
be concluded that the gasification reactor has been 
able to produce the syngas that can be used quite well 
even though the value indicated that the resulting tar 
was still quite high. Typically, an updraft gasifier 
needed a gas cleaning system if the syngas wants to 
be further utilized. 
 
VIII. GAS COMPOSITION 
 
From the gas composition shown in Table 3, it can be 
analyzed that the gas coming out of both of regional 
output has the a relatively same value although it can 
be seen that the gas composition in the upper outlet 
tends to be higher because of the reaction that is 
longer than the exhaust from the bottom. CO value of 
that is good enough to indicate that the gasification 
process takes place in the reactor, while the value of 
H2 gas was still less to produce effective results 
gasification. 
 
IX. SYNGAS LHV 
 
Gas composition affects the value of the resulting 
syngas LHV value. Values obtained in both tests is 
likely to equal the mean value of the heat generated 
between the upper and lower gas can be said to be 
similar, the difference is the flow rate of syngas 
which will affect the value of overall efficiency. 
 
X. COLD GAS EFFICIENCY 
 
Cold gas efficiency is influenced by the flow rate of 
syngas, LHV, the rate of fuel consumption, and also 
the fuel LHV. From the calculated results obtained 
that the value of double outlet system efficiency is 
higher than the conventional systems. This is 
influenced by the energy generated from double-
outlet system is a combination of the syngas coming 
out from both the output and the LHV of each output 
area. Lesser charcoal remains also indicates that the 
same amount of fuel, double outlet systems tend to be 
more effective in producing fuel gas. 
 
XI. FLAME VISUALIZATION 
 
From visually made observations, there was no 
significant difference in the form of heat generated in 

the second gas outlet when compared to what is 
produced in conventional systems because the heat 
generated is relatively the same. At the double outlet, 
the gas that comes out in the lower output area tend to 
be much longer because the fuel tends to move down 
so that when the condition of the fuel-depleting gases 
will exit through the nearest output area so the fire in 
the upper output extinguished. But it appears that the 
fire in the conventional systems tend to be larger, this 
is because the conventional system, the gas out in one 
direction resulting in the accumulation of syngas flow 
out of the area. While the system of double outlet, the 
flow rateis divided into two so that the syngas output 
is divided in two areas. The fire at the bottom is 
greater at the beginning of the operation because it 
tends to quickly able to fuel gas produced as the 
reaction occurs first. 
 

 
Figure 5 Comparative Flame Visualization Between the Two of 

System 
 
XII. BATCH METHODS 
 
From the 2 batch methods, the comparison of data 
obtained between the first and second batch is as 
shown in table 4 below. 
 
Table 4 Characteristic of 2 Batch Methods operation 
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Figure 6 Temperatur Distribution 

Figure 7 Syngas Flowrate 
 

XIII. ANALYSIS OF TEMPERATURE 
DISTRIBUTION 

 
From the test results shown in figure 6 can be 
observed that the characteristic temperature at which 
the first batch and second batch has more or less 
similar trend in which the current operating 
temperature is roughly in the equal range between 
batches. Conditions that differsis the initial 
temperature which is higher in the second batch 
which caused the faster drying time ,this is because 
the operating conditions at the beginning of the 
second batch in the reactor from a thermocouple in 
the combustion area (> 500oC) until the thermocouple 
at the top reactor has a temperature above 100oC 
which resulted in water content in the fuel to 
evaporate faster due to high temperature conditions 
that have been acquired so that the fire would be 
quicker than the phenomena that occur in the first 
batch. Increasing the acquisition time of the fire will 
certainly result in a faster operating duration for the 
gasification process occurs more rapidly due to the 
influence of high temperature conditions. 
 
XIV. SYNGAS FLOWRATE 
 
From figure 7, the analysis can be taken of the 
phenomenon is on the first batch reactor where the 
temperature is lower, the pressure inside the reactor 
were also smaller when compared with conditions in 
the second batch where the initial temperature is 
higher, so the pressure inside the reactor was also will 
be greater. This explains the phenomenon that occurs 
when at the beginning of the second batch operation 

produced syngas flow rates higher than in the first 
batch due to the higher pressure in the reactor so that 
the gas flow faster out of the reactor. When compared 
with the temperature distribution analysis that says 
that the operating temperature of the reactor is about 
the same, then the flow rate at operating more or less 
similar between the two batches is to explain this. 
 
XV. FLAME VISUALIZATION 
 
From figure 11, it can be seen that the condition of 
the fire at the beginning of the second batch 
operations tends to be larger than the first batch, this 
is due to the fact that at the beginning of the second 
batch operation have a higher initial operating 
temperatures which results in a greater pressure in the 
reactor that the gas produced has a greater flow rate 
due to increased temperature and pressure in the 
reactor resulting in a larger fire. This condition is also 
from the effects of drying time in the second batch of 
fuel tends to be faster. 
 

 
Figure 11 Flame Visualization 2 Batches 

 
CONCLUSION 
 
1. Updraft gasification operating characteristics with 

both methods has a value that is not much 
different. 

2. The duration of the gasification reactor operation 
is influenced by conditions on the fuel moisture 
content and operating temperature are also 
affected by drying conditions and the fuel reaction 
rate by the number of air flow rate is given for the 
two systems together is equal to 108 lpm. 

3. Drying time in each test varies depending on the 
condition of the fuel. 

4. To test double outlet, the area at the bottom output 
obtained fire faster because the water vapor 
content of the fuel having a more rapid heating 
process. 

5. The value of equivalence ratio (ER) which 
produced the two systems indicates that the 
gasification reactor used for testing have been 
able to produce a gas capable of burning well, it's 
just that the obstacles encountered are typical of 
updraft gasification equipment is a high tar 
content. 
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6. The resulting of gas composition is capable of 
producing fuel gas composition to the 
composition of CO can range above 20%, 9-10% 
H2, and CH4 of about 2%. CO value of that is 
good enough to indicate that the gasification 
process takes place in the reactor, while the value 
of H2 gas was still less to produce effective results 
of gasification. 

7. LHV generated by the system of double gas outlet 
is not too different from the conventional system. 
Flame obtained at the output of two regions have 
different values because there are differences in 
the composition of the gas produced in which the 
composition of gases produced by an 
accumulation of all levels of the reaction in the 
reactor. 

8. Efficiency is affected by the LHV syngas, flow 
rate, the rate of fuel consumption, and fuel LHV. 
In the double outlet system, the efficiency 
obtained is a combination of the output value of 
the epidermis and the lower output so that they 
obtained value of the higher efficiency is 53.087% 
to 46.519%. 

9. For the 2 batch method, there was no significant 
difference between the first and second batch 

operations. The only difference is the initial 
temperature is greater on the second batch which 
resulted in a faster drying time so that the total 
duration of operations will be faster as well. High 
temperatures at the beginning of the operation 
resulting flow rate at the beginning of the test to 
be higher due to increased pressure inside the 
reactor due to higher temperatures so that the gas 
that comes out at the beginning of the operation 
will be faster, which means to accelerate spending 
on the moisture content of fuels. 
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