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ABSTRACT   ARTICLE INFO 

Biomass dryer (BD) was a useful device to improve the time efficiency 
of drying activities in traditional systems. The fuel source of biomass 
can be obtained from agricultural wastes, such as corn cobs and 
coconut shells. The classic problem of BD is the inhomogeneous 
temperature inside the chambers, which leads to damage to the 
product if the air circulation is not controlled. This study utilizes an 
electronic controller to automatically manage airflow by a fan and 
open the window to obtain a homogenous temperature in each 
chamber. The window will be opened instantly if the temperature 
inside the chambers exceeding 46 °C. This testing sample product is a 
cracker, locally called ‘krupuk’.  Cracker is made from tapioca flour and 
dried for several days after cutting processes. Our previous test 
successfully improves time efficiency in drying the post-harvest 
agricultural product. The proposed dryer consists of cabinet with 3 
chambers, an open fire drum, a couple of automatic windows, and an 
electronic board as a controller. The resulting test shows a 
homogenous temperature average for the 3 chambers is 50 °C. 
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1. INTRODUCTION 

Cracker, locally called ‘krupuk’, is a traditional complemented food which almost found in 

Javanese and Malay foods. Cracker is made from tapioca seasoning with spices, fish, or shrimps [1,2]. 

The longest step in cracker making is drying which traditionally uses sunlight to draw water content 

in the cracker. It can take a whole day in clear weather or in the worst condition, it can take 3-5 days 

for drying cracker by sunlight, especially when the rainy season is coming [3].  

The low-cost and environmentally friendly option to substitute the sunlight is a biomass dryer 

(BD). This dryer provides time-efficient and continuously work without depend on the weather 

conditions. The common form of BD consists of a cabinet and fire drum [4-7]. In hybrid form, BD 

can be facilitated by a transparent roof incorporating sunlight to boost the drying time [8-13]. But, 

uncontrolled airflow of BD is a remaining problem to solve. The airflow inside the cabinet must be 

distributed for obtaining homogeneous temperature, especially for multi chambers cabinet. The 

inhomogeneous temperature inside the chambers will lead a poor product quality [14].  The heat from 

the dryer will reduce the moisture content in the product [15,16]. 

Fortunately, an electronic controller can be utilized for the airflow by a fan and opening 

window management. This study modifies BD which supported by an electronics board and 

automated window to obtain a homogenous temperature in each chamber of BD. We use corn cobs 

and coconut shell as the biomass and shrimp cracker as the tested product. Corn cobs coconut shells 

have a high carbon content and can maintain in the coals stage for up to 7 hours [4]. Shrimp cracker is 

chosen for product testing because it can easily be found in the market. A study shows the shrimp 

cracker has nutritional contents, such as protein, and minerals [1,2]. 

https://creativecommons.org/licenses/by/4.0/
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2. MATERIALS AND METHOD 

2.1. Tools and Materials  

Table 1. Tools and materials. 

Tools/Materials Use for 

LM 35 Temperature sensing 

Arduino Microcontroller 

Digital scales Measuring mass of the crackers 

Corn cob and coconut shell Fuel source of biomass 

Fire drum A place for burning the biomass 

Drying rack A place for the crackers 

Drying cabinet Drying process room 

2.2.  Proposed BD 

The design of the proposed BD consists of a cabinet with 3 chambers, an open fire drum, a 

couple of automated windows, and an electronic board as a controller as shown in Figure 1. The data 

obtained from drying using a tool will be compared with the data obtained from traditional drying. 

This cabinet type dryer consists of 3 chambers. This tool is designed in the form of a cupboard with a 

corncob waste biomass energy system that is environmentally friendly and more economical than 

other energies.  

 
Figure 1. Schematic design of proposed BD: (a) top view and (b) side view. 

2.3. Electronic Board 

The electronic board consists of an Arduino, an LM35 sensor, and a buzzer. Arduino used as a 

microcontroller (MC) to control the temperature sensor and open the window. Moreover, four LM35 

sensors are installed in each chamber and the outside for the temperature reader. LCD screen and 

buzzer is used as an indicator. Figure 2 shows the schematic design of the board. 

 
Figure 2. Schematic design of electronic board which consist of Arduino MC, LCD screen, 

temperature sensor (LM-35) and buzzer. 
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Arduino is programmed to give a signal when the temperature in the dryer is more than 46 °C, 

the standard temperature for cracker drying [4]. When the LM35 sensor reads the temperature inside 

the dryer is more than 46 °C, Arduino will give a signal to the buzzer to issue a sound as a signal that 

the temperature is more than 46 °C so that the window will be opened to release the excess heat from 

the chamber. When the temperature inside the chamber has dropped below 46 °C, the window door 

will be closed again. This condition can keep the product will receive stable heat along the drying 

stage and maintain its quality. 

2.4. Testing and data collection 

The crackers are put into the dryer and each rack is installed temperature sensor to measure the 

temperature on each chamber. The data collection process was carried out for 120 minutes with an 

interval of each 10 minutes. When drying has reached 10 minutes, the crackers that are dried in the 

dryer are removed. Then, the temperature on the side and bottom walls of the drying room, the left 

and right drums, and all chambers are calculated every 10 minutes using a thermometer and weighing 

the mass of the shrimp crackers using a digital scale. 

3. RESULTS AND DISCUSSIONS 

The final look of our proposed BD is shown in Figure 3. An aluminum plate has covered the 

cabinet and a fire drum is placed in the bottom. The electronic board is placed on the top to avoid 

heat. This BD is developed to provide a homogenous temperature of around 46 °C. The proposed BD 

is a modified design from our previous design for the post-harvest dryer [4].  

 
Figure 3. The realization of proposed BD: (a) the components of proposed BD and 

(b) testing product measurement. 
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Figure 4. Temperature characteristics of each chamber for proposed BD. 
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Figure 4 shows that the working principle of the tool has worked well because it produces a 

temperature distribution that is almost homogeneous in the drying chamber with the resulting average 

temperature of 50 °C. Thus the automation of drying technology can be immediately used in 

industries related to post-harvest drying [17-19]. 

When the biomass is burning, the cabinet temperature slowly down for 40 minutes and rapidly 

increases up to 75 °C within 20 minutes. In this stage, the fuel is full flaming so the heat is highly 

transferred to the cabinet. Then, the automated window is discharged to open so that the temperature 

in each chamber drops significantly to around 50 °C. The heat inside the cabinet is released to the 

outside. The chamber temperature re-climbing for ten minutes until dropping exponentially to around 

46 °C and homogenous temperature is reached. In this stage, the airflow is fully controlled and 

distributed after 110 minutes of initial biomass burning. At the same time, the burned biomass is 

keeping in coals condition.  

Table 2. Curve characteristics of chamber temperature of proposed BD. 

Chamber T0 (°C) a (°C) b (s) t0  (s) R
2
 

1 45.3836 21.8656 15.5904 75.4020 0.6308 

2 46.5880 21.9449 14.0817 76.2880 0.5726 

3 46.9051 20.2128 14.6350 72.9641 0.4308 

The temperature characteristics of each chamber are likely to follow the Gaussian peak curve 

with four parameters. 

  (1) 

The parameters are summarized in Table 2. The steady temperature T0 is almost similar for 

each chamber as well as growth temperature a. The critical issue may come from the initial burning 

time t0 to reach a steady condition were about 74 minutes roughly. This issue is commonly found in 

the BD. Coconut shell biomass is spent an hour or more to reach stable burning in coals condition 

[20]. Exploring new types of biomass fuel is suggested for future research to minimize the initial time 

burning. In addition, it is also expected to make automatic system updates with the Simulink-Matlab 

model which can help improve accuracy in detecting room temperature [21,22]. 

4. CONCLUSIONS 

The chamber temperature of BD can be maintained by modifying the conventional BD. The 

proposed BD consists of a cabinet with 3 chambers, an open fire drum, a couple of automated 

windows, and an electronic board as a controller.  Air circulation in the BD is driven by a fan and an 

automated window. The exceeding heat will release through the automated window when the 

chamber temperature more than 46 °C. A homogenous temperature of 50 °C is achieved after 110 

minutes. The temperature characteristics of each chamber are likely to follow the Gaussian peak curve 

with four parameters.  

ACKNOWLEDGEMENTS 

The authors thanks to Institute for Research and Community Services (LPPM) Universitas Riau 

for financial support. 

REFERENCES 

[1] Hastinawati, I. & Rum, M. (2012). Keragaan agroindustri kerupuk udang di Kecamatan 

Kwanyar Kabupaten Bangkalan. Agriekonomika, 1(1), 15–24. 

[2] Murtiyanti, M. F., Budiono, I., & Farida, E. (2013). Identifikasi penggunaan zat pewarna pada 

pembuatan kerupuk dan faktor perilaku produsen. Unnes Journal of Public Health, 2(1), 1–7. 



Sintechcom, 1(3), 92-96 

Improving Homogenous Chamber Temperature of … (Muhammad) 

50 

[3] Nugroho, T. S. & Sukmawati, U. (2020). Pengaruh metode pengeringan kerupuk udang windu 

(Paneaus monodon) terhadap daya kembang dan nilai organoleptik. Marine, Environment, and 

Fisheries, 1(2), 107–114. 

[4] Juandi. (2019). Pengembangan teknologi pasca panen pengering berbasis energi biomassa. 

Indonesia: Inovasi DIPA Universitas Riau. 

[5] Murad, M., Sukmawaty, Sabani, R., & Putra, G. M. D. (2015). Pengeringan biji kemiri pada 

alat pengering tipe batch model tungku berbasis bahan bakar cangkang kemiri. Jurnal Ilmiah 

Rekayasa Pertanian dan Biosistem, 3(1), 122–127. 

[6] Asrianto, A., Jamaluddin, J., & Kadirman, K. (2018). Modifikasi mesin pengering biji-bijian 

dengan bahan bakar tempurung kelapa. Jurnal Pendidikan Teknologi Pertanian, 4(2), 222–231. 

[7] Muhammad, J. & Haekal, M. R. (2016).  Pengaruh suhu terhadap parameter fisis biji pinang 

hasil pengeringan menggunakan alat tipe kabinet dengan limbah tempurung kelapa sebagai 

sumber panas. Jurnal Ilmu Fisika, 8(1), 34–38. 

[8] Tahir, M. & Purnama, W. (2018). Desain tungku biomassa pada sistem pengering ERK-hibrid 

untuk pengeringan benih jarak pagar. Jurnal Keteknikan Pertanian, 24(1), 17–23 

[9] Jading, A., Tethool, E., Payung, P., & Gultom, S. (2011). Karakteristik fisikokimia pati sagu 

hasil pengeringan secara fluidisasi menggunakan alat pengering cross flow fluidized bed 

bertenaga surya dan biomassa. Reaktor, 13(3), 155–164. 

[10] Adiyanto, O., Suratmo, B., & Susanti, D. Y. (2017). Perancangan pengering kerupuk rambak 

dengan menggunakan kombinasi energi surya dan energi biomassa kayu bakar. Jurnal Integrasi 

Sistem Industri, 4(1), 1–9. 

[11] Panggabean, T., Triana, A. N., & Hayati, A. (2017). Kinerja pengeringan gabah menggunakan 

alat pengering tipe rak dengan energi surya, biomassa, dan kombinasi. Agritech, 37(2), 229–

235. 

[12] Yahya, M. (2015). Rancang bangun dan kaji eksperimental unjuk kerja pengering surya 

terintegrasi dengan tungku biomassa untuk mengeringkan hasil-hasil pertanian. Jurnal IPTEKS 

Terapan. 9(1), 1–10 

[13] Masela, M. R., Jamaludin, S. L. S., & Mulyono, T. (2019). Uji alat pengering pisang tipe rak 

energi surya dan biomassa. Musamus AE Featuring Journal, 1(2), 54–57. 

[14] Juandi. (2006). IBM bina mandiri energi kelompok Usaha Opak Singkong (Mitra 1) dan 

kelompok Usaha Rosa Renggilang Singkong (Mitra 2) Rejosari. Indonesia: DRPM DIKTI. 

[15] Muhammad, J., Herman, H., Gimin, G., Risanto, J., & Syahril. (2020). Pemberdayaan 

kelompok masyarakat Kecamatan Tampan Kota Pekanbaru dalam program inovasi teknologi 

pengering berbasis biomassa yang ramah lingkungan untuk meningkatan kualitas dan kuantitas 

produk makanan berbahan baku ubi untuk pengembangan agoindustri kripik ubi kayu sebagai 

produk unggulan daerah. Unri Conference Series: Community Engagement, 2, 541–549. 

[16] Hayati, R. & Fauzi, H. (2012). Kajian fermentasi dan suhu pengeringan pada mutu kakao 

(Theobroma cacao L.). Jurnal Keteknikan Pertanian, 26(2), 129–135. 

[17] Aman, W. P., Jading, A., & Roreng, M. K. (2018). Konstruksi dan kinerja prototipe alat 

pengering pati sagu tipe rotari bersumber panas biomassa. Agritechnology, 1(1), 23–33. 

[18] Mujumdar, A. S. & Law, C. L. (2010). Drying technology: Trends and applications in 

postharvest processing. Food and Bioprocess Technology, 3, 843–852. 

[19] Surbakti, A., Muhammad, J., Taer, E., Setiadi, R., & Malik, U. (2020) Teknologi mesin 

pengering pakaian berbasis limbah tempurung kelapa untuk meningkatkan ekonomi bagi UKM 

yang bergerak dalam bidang laundry di Kecamatan Tampan Kota Pekanbaru. Unri Conference 

Series: Community Engagement, 2, 550–558. 

[20] Muhammad, D. R. A., Parnanto, N. H. R., & Widadie, F. (2013). Kajian peningkatan mutu 

briket arang tempurung kelapa dengan alat pengering tipe rak berbahan bakar biomassa. Jurnal 

Teknologi Hasil Pertanian, 6(1), 23–26. 

[21] Kurnia, D., Hamdi, M., & Juandi, M. (2021). Modeling of terahertz radiation absorption 

temperature distribution in biological tissue of a cattle using simulink-matlab model. Science, 

Technology & Communication Journal, 1(2), 37–45. 

[22] Febrianti, A., Hamdi, M., & Juandi, M. (2021). Analysis of non-destructive testing ultrasonic 

signal for detection of defective materials based on the Simulink Matlab Mathematica 

computation method. Science, Technology & Communication Journal, 1(2), 46–58. 


