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ABSTRACT : Coffee husk is a by-product of coffee processing that is abundant in Indonesia, specifically in 
South Sumatra. In this study, gasification test was conducted using a conventional updraft gasifier and fuel at a 
3.5 kg bed. The results showed that the gas fuel produced for 3.5 kg of coffee husk was stable for approximately 
70 minutes and was obtained approximately 23 minutes after the reactor was turned on.Movable grate was 
rotated  20 minutes before the gasification process ends.
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I. INTRODUCTION
Coffee husk is capable of being processed into fuel and this by-product is observed to be significantly 

abundant in Indonesia, specifically the South Sumatra province, without optimal use. In 2020, the province had 
the most coffee production with a total of 198.94 thousand tons [1]. The by-product after the processing is 
known as coffee husk which can be converted to gas fuel in the form of producer gas such as CO, CH4, H2, N2, 
CO2, and O2 through different methods, including gasification. Several studies have applied gasification process 
to coffee  husk such as the focus of Fona [2] on gasification of parchme coffee from Central Aceh using a 
throatless downdraft gasifier. The the results show the stability of the combustible gas produced for 
approximately 29 minutes. Another study by Tung [3] conducted gasification through a downdraft gasifier using 
coffee husk from Vietnam, and the results showed the gas produced was 29.7% CO, 11.97% H2, and 2.16% CH4. 
Moreover, Bonilla [4] adopted gasification to coffee powder using an updraft gasifier with air and steam media, 
and the calorific value was found to be 5052 kJ/m3. Bonilla [5] also applied an updraft gasifier to coffee husk 
with a pure gasification media of a mixture of oxygen and steam to produce a calorific value of 8681 kJ/m3. 
Another study by Nam [6] focused on Vietnam coffee husk using a char gasification process on TGA with H2O 
and CO2 as the media, and the results showed that the application of H2O was faster than CO2. Furthermore, 
Wilson [7] implemented gasification on coffee husk using a mixture of air and steam, and the results showed 
that the high temperatures used had a positive effect on the process. The review showed that previous studies 
have analyzed the use of coffee husk in different countries. The material is also capable of producing electrical 
energy as observed from the analysis conducted in previous studies [8-10]. Therefore, coffee husk from the 
Empat Lawang of South Sumatra, Indonesia was experimentally used in this study to produce gas fuel through 
gasification technology. The aim was to determine the operational characteristics, specifically the amount of 
fuel used against the time of stability for one bed.

II. METHODOLOGY
The experiment was conducted using a conventional updraft gasifier [11-12] with a 22 cm diameter and 

65 cm height as shown in Figure 1. The gas produced through gasification process exited from the top of the 
gasifier while air was supplied using a blower from the bottom. The amount of coffee husk in the gasifier during 
the full condition was approximately 3.5 kg. The air velocity was also measured using an anemometer [13] and 
subsequently applied in calculating the mass flow rate. Moreover, coffee husk used was obtained from South 
Sumatra, specifically Empat Lawang, as presented in Figure 2. The results from the proximate and ultimate 
analyses of the material are presented in Table 1 and found not to be quite different from the method applied in 
the previous study by [14].
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Figure 1. Updraft gasfier

Figure 2. Coffee Husk

Table1. Proximate and Ultimate

Parameter                      

Proksimate (%) by weight 
(adb)

Moisture 13.61

Ash 6.48
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Volatile Matter 59.74

Fixed Carbon 20.17

Ultimate (%) by weight 
(adb)

Carbon (C) 41.42

Hydrogen (H) 6.34

Nitrogen (N) 1.73

Sulfur (S) 0.16

Oxygen 43.87

Calorific Value Cal/g

Gross Calorific 
Value 3792 

III. RESULT AND DISCUSSION

The operation of the gasifier system started from the initial ignition time with 0.5 kg of fuel used as 
input burned as an ember at air velocity of 2.1 m/s through gasification process. The average ember-making 
time was approximated at 5 minutes. The next step was the re-insertion of the fuel, determined as 3 kg, for each 
test with gasification reactor tightly closed. The average time required to form gas fuel was estimated at 23 
minutes. The amount of coffee husk used and the length of time of producer gas existed are compared in Figure 
3 while the shape of the resulting flame is presented in Figure 4. It was observed that the flame existed for 
approximately 60 minutes and was reduced 10 minutes before the fuel was exhausted. The continuation of the 
operation on the next bed would have led to faster production of the gas fuel at approximately 10 minutes 
because the temperature in the reactor was already high, causing an easier reaction. Moreover, the gas fuel 
produced was stable as observed from the continuous production of flame with the length identified to be 
sometimes shortened due to the uneven application of fuel in the reactor. The stability of the flame can be 
restored by moving the grate to avoid fluctuation. 

The grade rotation is usually done 20 minutes before the gasification process ends because the amount 
of fuel in the reactor has been significantly reduced. Furthermore, the process of lowering the fuel in the reactor 
is no longer even so that the gasification reaction does not take place perfectly. The comparison between the 
time of gas fuel existed without rotating the grade and gas fuel existed with rotating the grade is shown in Figure 
5. The rate of air consumption in this test is greater than the rate of fuel consumption as shown in Figure 6.From 
the test results covering the stability of the gas fuel material produced, the gas fuel resulting from coffee husk 
gasification can be used for application in internal combustion engines through a series of gas cleaning stages 
first [15-17]
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Figure 3. Gas Fuel Existed and Coffee Husk Used

Figure 4. The shape of flare
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Figure 5. The Time of Gas Fuel Existed without and with Rotating Movable Grate 

Figure 6. Mass Flow Rate of Air and Coffee Husk

IV. CONCLUSION
In conclusion, coffee husk waste from Pagar Alam, South Sumatra, was successfully used in 

gasification process to produce gas fuel. The amount of fuel used was 3.5 kg of bed and the gas fuel produced 
existed for 70 minutes. Moreover, the time required to obtain fuel after the reactor was turned on was 23 
minutes. There was generally no problem in coffee husk gasification process with the updraft gasifier model 
used.
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