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Abstract 

In Indonesia, natural fibers are extensively utilized as essential raw materials for various human needs. These natural 

fibers find significant application in handicrafts, particularly in small and medium enterprises (SME) within the hand-

icraft industry. Agel, a prominent natural fiber, is obtained from drying gebang leaves and plays a vital role in the local 

economy of the Kulon Progo region in Yogyakarta, Indonesia. Currently, the production process of raw materials to 

become fiber relies on conventional methods, primarily sun-drying, which often gives rise to numerous challenges 

such as temperature fluctuations and weather dependencies. Moreover, the physical posture adopted by workers during 

the drying process is ergonomically unfavorable, as they must bend over repeatedly to turn the agel fibers being dried 

under the sun. After recognizing these issues, it becomes imperative to develop a sustainable dryer machine equipped 

with advanced technology that enhances productivity while prioritizing employee ergonomics. This study employs 

the research and development (R&D) method, which encompasses analysis, design, development, implementation, 

and evaluation stages. The primary objective of this research is to design, fabricate, and test a dryer machine utilizing 

a sustainability automation system integrated with Internet of Things (IoT). The outcome of this research is a dryer 

machine that can effectively dry agel leaves within a significantly reduced timeframe of 2–4 hours, with a maximum 

capacity of 10 kg per cycle. This achievement surpasses the conventional method, which typically takes 5–6 days to 

produce 10 kg of dried agel fibers. 

Keywords: Agel Fiber, Crafts, Dryer Machine, Gebang Leaves; SME

1. Introduction 

Indonesia is a country that is rich in natural bio-

logical resources to be utilized (Edy, 2023), Indonesia’ 

natural resources and its ecosystem have an important 

position and role to be utilized for life and national de-

velopment (Albert et al., 2022; Nikijuluw, 2017). One 

of Indonesia's biological riches is plants that produce 

natural fiber. Natural fibers have many benefits and are 

widely used as raw materials needed by humans (Islam 
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& Mohammad, 2016; Marian et al., 2022). The need 

for natural fiber raw materials in Indonesia is quite 

high, this is proven by data on the value of imports of 

raw materials. Natural fibers are usually used as crafts, 

alternative additional materials, or as composite rein-

forcement (Kumar & Sekaran, 2014). Using natural fi-

ber plants is considered more economical, easy to ap-

ply, corrosion resistant, and easy to obtain (Ali et al., 

2021; Mochane et al., 2019; Zwawi, 2021). Along with 

the development of science and technology, the de-

mand for natural fiber raw materials is increasing 

(Nurhaliza et al., 2023). 

Agel fiber is a type of natural fiber that comes 

from the gebang leaves with the Latin name Corypha 

utan (Nugroho et al., 2018). The agel fiber is a prom-

ising natural fiber from the gebang plant with several 

advantages (Nuryanta et al., 2023). In Indonesia, this 

type of fiber is widely processed into various types of 

creative crafts, such as bags, decorations, wallets, and 

hats. In the process, agel fiber comes from raw gebang 

leaves which must go through 5 stages before it is 

ready to be woven. The initial stage is separating the 

stick from gebang leaves, then brushing to reduce the 

size, drying, dyeing, and finally being woven into raw 

material for crafts. The stages in the production of agel 

fiber raw materials are still using conventional meth-

ods.  

The handicraft industry from agel fiber is one of 

the economic sectors driving local communities in the 

Sentolo District area, Kulon Progo, Yogyakarta 

(Widodo et al., 2020). Handicrafts made from agel fi-

ber have an export target and are one of the products 

with quite high market interest. One of the agel fiber 

craft processing enterpises is located in Giling Hamlet, 

Tuksono, Sentolo, Kulon Progo, Yogyakarta. If the 

weather conditions are favorable, every month the 

enterprise is able to process gebang leaves and produce 

150 kg of agel with an average of 5 kg of agel every 

day, and with 150 kg of agel, it is able to produce 300 

to 500 handicrafts for one month. The average income 

earned for 1 month is IDR 9,000,000 or USD 591 (Ex-

change Rate USD 1 = IDR 15,227.24 on 10 August 

2023). The raw material production process is still 

conducted conventionally by relying on sunlight, 

which often causes various problems, such as weather 

conditions, ergonomics issues, and longtime processes. 

Working position and attitude during the drying 

process also has an unhealthy impact on body posture 

because when drying the workers must bend over to 

turn the agel that is being dried in the sun. The posture 

at work will indirectly change the shape and position 

of the spine or cause injury and musculoskeletal disor-

ders (MSDs) (Arnau et al., 2023; Bonfiglioli et al., 

2022; Caponecchia et al., 2020). MSDs are disorders 

of the musculoskeletal system that are experienced by 

a person ranging from mild complaints to very painful 

(Irwan et al., 2023). If the muscles receive a static load 

in the long term, it will cause complaints in the form 

of damage to joints, ligaments, muscles, and other 

skeletal systems. Musculoskeletal disorders are one of 

the most common health problems experienced by 

workers (Kim, 2022; You et al., 2020). 

Based on these problems, the researchers created 

Technology Innovation of Dryer Machine based on 

Sustainability Automation Systems to Increase Agel 

Fiber Production in Handicraft SMEs. The drying ma-

chine shortens the drying time of agel, which is 2–4 

hours. The machine can also be used to dry agel fiber 

after the coloring process. This step makes it easier to 

produce agel fiber into handicrafts. The application of 

this machine makes the work position healthier be-

cause SME workers no longer must bend over to dry 

and turn the gel that is dried in the sun, this will be a 

solution in reducing the risk of MSDs. 

The existence of an agel drying machine will 

help SME in increasing production without being con-

strained by the drying process, and their turnover is in-

creasing compared to the conventional drying process 

with solar heat. The dryer machine has a monitoring 

system for temperature, humidity and drying time that 

has been integrated with an application on a 

smartphone so that the drying process of agel fiber can 

be monitored regularly. The application of the drying 

machine is expected to optimize the craft industry sec-

tor which can make SME businesses develop into sus-

tainable businesses. 

 

2. Literature Review 

2.1. Relevant Previous Research 

In this research, the fuel source uses liquefied pe-

troleum gas (LPG). This was chosen based on condi-

tions where LPG is easy to obtain and affordable to use 

in Indonesia. This system uses LPG as a heat source 

that is more controllable and uniform compared to dry-

ing using charcoal or solar power. Test results showed 

that this system has an energy efficiency of up to 90% 

and an exergy efficiency of up to 10%. This shows that 

this system effectively utilizes LPG gas input energy 

for the drying process (Benjamin et al., 2022). Apart 

from that, the drying system using LPG is more 
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efficient than conventional drying systems (Saparudin 

et al., 2021). 

The second research obtained a recirculated 

batch-type corn drying machine with a capacity of 2 

tons of corn per 8 hours. This machine uses a direct 

heating system with LPG fuel. Machine trials showed 

good performance with a drying rate of 1.55%/hour, 

heating efficiency of 92.03%, and drying efficiency of 

88.96%. Overall, the test results showed that the de-

sign of the drying machine using LPG gas is quite op-

timal for drying corn on a production scale (Karyadi, 

2019). 

The research conducted is supported by several 

previous studies, where several studies that have been 

conducted state that electricity-based drying systems 

can increase the production of a business. In research 

conducted by Lasano (2018) stated that the use of mi-

crowaves for drying is an alternative drying method. 

This drying method is classified as efficient in terms 

of energy and time usage and is affordable. In another 

study, Karadag (2016) stated that materials heated with 

a microwave gave better results with a shorter process. 

Furthermore, according to research by Mihai (2016), 

the use of a drying machine can provide time effective-

ness in increasing the productivity of the drying pro-

cess to produce water hyacinth crafts.  

Based on other research conducted by Radzuan 

(2020), on a kenaf leaf drying machine, data obtained 

for the drying process of kenaf leaves requires a tem-

perature of 90–120°C. Given that the characteristics of 

gebang leaves and kenaf leaves are almost the same, 

but agel has a lower moisture content, we use this re-

search as a reference for the temperature used in the 

drying machine oven, which is around 75–85°C. 

 

2.2. Research Thinking Framework 

In this framework of research thinking, the 

stages are explained starting from the analysis of the 

problems experienced by many Small Medium Enter-

prises (MSMEs) in the agel craft industry, namely the 

process of drying raw materials. This research was 

conducted from the development of its first version un-

der the name Agel Dryer Machine. In the application 

of the first device, several shortcomings were still 

found related to machine use problems experienced by 

an SME and this became the background for further 

research. It is hoped that with the development of this 

second version of research, the resulting device will be 

appropriate and more perfect than the first version so 

that it can meet the needs of an SME in the agel craft 

industry. The next stage is to develop alternative ideas 

for solving the problem in the form of an innovation, 

an appropriate technological machine for the agel dry-

ing process so that it can produce benefits for an SME. 

The stages of solving this problem include designing a 

new device by combining the concept of appropriate 

technology, a monitoring system and safety for the gas 

regulator section. Internet of Things (IoT) is developed 

and used in the system to make it easier for users to 

control and monitor devices via a smartphone (Se-

tiawan et al., 2024). The framework of thinking used 

in the research is shown in Fig. 1. 

 
 

Fig. 1. Research thinking framework 

3. Research Methodology 

This study used the Research and Development 

(R&D) method, which is a research method to produce 

certain products and test the effectiveness of the prod-

ucts (Ma’ruf et al., 2024; Setiawan et al., 2021). This 

method is combined with the ADDIE model. 

The machine development procedure applies to 

the ADDIE model which consists of five process 

stages including analysis, design, development, imple-

mentation, and evaluation (Salas-Rueda et al., 2020). 

The evaluation stage is used to determine the feasibil-

ity of the machine and the final stage of refinement 

(Chen & Setiawan, 2023). The initial stage is an anal-

ysis of the potential problems that are still being expe-

rienced from the application of the initial product. This 

ADDIE model research has several steps so that it be-

comes a machine that is ready for use. The flow of the 
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stages of the research process is conducted as shown 

in Fig. 2. 

 

 

 
 

Fig. 2. Research and development (R&D) stages 

based on ADDIE model 

 

4. Results and Discussion 

4.1. Drying Method Comparison 

Currently, many SMEs continue to rely on con-

ventional methods using sunlight for drying agel fiber. 

Unfortunately, this approach often leads to sub-opti-

mal drying times, lengthy processes, and significant 

susceptibility to weather-related factors. As a result, 

our partners encounter a range of obstacles in the pro-

duction of agel fiber craft materials. 

In Fig. 3, there are drying steps using conven-

tional methods. The main problem is during the drying 

process, this process takes 4 to 5 days. Additionally, 

additional time is required if weather conditions are 

not in clear condition.  

To address this challenge, it is clear that the de-

velopment of appropriate technological innovations is 

necessary. Fig. 4 shows a drying machine that has been 

developed.  

Fig. 5 shows the framework of the drying step 

using a machine. The steps involved are fewer than 

those in the conventional method. 

 

 

 
 

Fig. 3. Drying stage with conventional method 

 

 

Fig. 4. Implementation of a drying machine 

4.2. Product Specifications 

Table 1 describes the specifications for the dryer 

machine, which has dimensions of 150 cm × 80 cm × 

100 cm with a maximum production capacity of 10 kg. 

The materials used include the type of material for the 

frame, namely mild steel elbow 3 × 3 cm and mild steel 

plate with a thickness of 1.2 mm as material for fiber 

drying tube and machine cover. The power source for 

the machine’s motor uses 900 VA home electricity. The 

source of the drying heat used is from an LPG stove 

with a temperature of 75–85°C. Based on testing on 

the drying machine that the researchers conducted 
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with the 10 kg gebang leaves using the temperature of 

75–85°C for 4 hours, the gebang leaves were dried and 

not burnt as much as 7.5 kg. 

 

 
 

Fig. 5. Drying stage with machine 

 

 

Table 1. Dryer machine specifications 

 

No Specification type Information 

1 Machine size 150 cm × 80 cm × 100 cm 

2 Machine capacity 10 kg 

3 Machine frame ma-
terial  

Mild steel elbow 3 × 3 cm 

4 Drying tube material Mild steel plate 1.2 mm 

5 Drive mechanic Electric motor ½ Hp 

6 Heat source LPG Stove 

7 Monitoring system IoT and application 

8 Motor RPM 23.3 RPM 

9 Power source for mo-
tor 

Grid electricity 900 VA 

 

4.3. IoT System and Monitoring on Drying Ma-

chine 

4.3.1. IoT Implementation on Drying Machine 

Apart from using an analog thermometer as a 

conventional temperature meter. The drying machine 

also uses a temperature sensor supported by the IoT to 

be able to monitor temperature with a smartphone. The 

dryer monitoring system uses a temperature sensor 

placed inside the processing tube to detect the temper-

ature of the air.  

The circuit needs a power supply of 12 V DC 

electricity, stabilized with a step-down of 9 V, for the 

system to function. This ensures that the microcontrol-

ler receives the required power supply of 9 V. Once the 

power supply is on, the microcontroller and tempera-

ture sensor are activated. The circuit then looks for 

connectivity with the nearest Wi-Fi module that has 

been previously programmed. The connection be-

tween the circuit system and IoT is established through 

oven monitoring applications. Fig. 6 displays the IoT 

electronic circuit in the drying machine. 

 

 

 
 

Fig. 6. IoT system electronic circuit  

 

 The temperature sensor will measure tempera-

ture values and convert them into digital signals. The 

digital signal from the temperature sensor will be read 

by the microcontroller. The microcontroller will trans-

mit temperature and humidity data from the tempera-

ture sensor via the WiFi network to the cloud server. 

Temperature data that has been sent to the cloud will 

be stored in the server database in the application sys-

tem.  

Monitoring system administrators can view the 

current conditions of oven temperature and humidity 

via a web dashboard or smartphone application con-

nected to the server. If the temperature or humidity of 

the oven exceeds the specified normal limits, the sys-

tem can provide a warning in the form of a notification 

on the monitoring dashboard. Oven operators can im-

mediately recognize abnormal conditions and take 

necessary action. By implementing this cloud-based 

IoT system, temperature and humidity in the oven can 

be remotely monitored without the need to physically 
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visit the oven location. The monitoring process be-

comes more efficient and effective. 

 
 

Fig. 7. Drying machine IoT working scheme  

 

Fig. 7 explains the diagram of how the IoT sys-

tem works and the use of the agel fiber drying machine, 

the initial stage of the machine's work starts from the 

process. The system is activated with a 12 V power 

source, the voltage is reduced to 9 V using a step-down 

converter to supply the microcontroller ESP 32, the 

temperature sensor DHT 22 is connected to the micro-

controller to monitor the drying room temperature. 

The microcontroller reads temperature data from the 

temperature sensor periodically. If the temperature is 

detected to exceed the specified limit, the red LED will 

light up as a warning indicator. Temperature reading 

data from the sensor is displayed on an application 

connected to the microcontroller, enabling remote 

monitoring. This automation system allows precise 

temperature setting and control on the drying machine, 

increasing the efficiency of agel fiber production in an 

environmentally friendly way. 

 

 

4.3.2. Monitoring Applications 

The application created from the kodular.io web 

is then extracted into Apk format so that it will become 

an application that can later be installed on the user's 

smartphone. The application display form can be seen 

in Fig. 8. This application has been programmed and 

connected to the sensor and microcontroller. Before 

entering the application monitoring system, users are 

asked to enter the username and password that they 

previously created, to ensure that application security 

and integration are more focused on connection. 

At this stage, the application is only in the first 

stage of development, so a deficiency was found 

where the application had a delay of 2–3 seconds for 

sensor reading and data transmission. This factor was 

also caused by the type of microcontroller used. Re-

search for monitoring systems has not yet reached the 

perfect phase so it needs to be further improved re-

garding the electronic components used. In this appli-

cation there is a menu to periodically recap production 

results. 

 

 
 

Fig. 8. Display of application monitoring dryer ma-

chine 

 

4.4. Dryer Machine Operation 

The dryer machine works from the initial stage 

of inserting the wet gebang into the processing tub and 

then closing the machine until the final stage of the 

drying process is complete. Fig. 9 shows a drying ma-

chine turning wet gebang leaves into dried agel fiber. 

The steps to use the Agel Dryer Machine are as 

follows: 

1) The dryer machine works from the initial stage of 

inserting the wet gebang into the processing tank. 
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2) Then, close the machine processing tub, at this 

stage make sure the processing tub lock is com-

pletely closed. 

3) The next stage is activating the machine and set-

ting the time relay. At this stage, the monitoring 

process will also function, then the application is 

opened. 

4) After the engine starts to rotate, turn on the engine 

heating stove. 

5) Wait for the drying process for 2–2.5 hours. 

6) The machine will turn off automatically according 

to the timer that has been previously set. 

7) After the process is complete and the fiber has 

dried as shown in Fig. 11, take out the fiber and 

remove it from the processing tube. 

Fig. 10 shows the first stage when the dryer ma-

chine tank is opened by the user. 

 

 
 

Fig. 9. Overall view of the dryer machine  

 

 

 
 

Fig. 10. Opening of the dryer machine tank 

 

 
 

Fig. 11. Dryer machine tank with the dried fiber 

 

4.5. Implementation Result 

The experiments using this machine were with 

capacities of 5 kg, 7.5 kg, and 10 kg. In this experiment, 

wet gebang leaves were able to dry for 2 hours, 3 hours, 

and 4 hours by maintaining the machine temperature 

between 75°C and 85°C. Fig. 12 presents the state of 

gebang leaves before and after the drying process to 

produce agel fiber, and the usage of the fiber to make 

handicrafts. 

 

 
A  

 
B  
 

 

C  
 

 

D  

Fig. 12. Production of agel fiber from gebang leaves 

and handicraft making using the fiber. (A) Wet gebang 

leaves; (B) Dried gebang leaves; (C) Agel fiber from 

dried gebang leaves; (D) Agel fiber being made into 

handicrafts. 

 

Fig. 12A–D show the images of processing wet 

gebang leaves into agel fiber and the making of hand-

icrafts using the fiber. Fig. 12A shows the fresh and 

wet gebang leaves, which have a bright green color 

with a soft texture. It can also be seen that the leaves 

are still intact and have not dried out. 
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Fig. 12B shows gebang leaves that have been 

dried by the machine. The color of the leaves changes 

to brown after going through the drying process. The 

texture becomes stiffer and brittle compared to wet 

gebang leaves. 

Fig. 12C demonstrates agel fiber from dried 

gebang leaves. In this image, there are results of agel 

fiber assembled from dried gebang leaves. This agel 

fiber has the appearance of a fine thread or rope and is 

brownish. This fiber is produced through a special pro-

cessing process from dried gebang leaves. 

Fig. 12D shows the usage of agel fiber for mak-

ing handicrafts. The agel fiber is woven or knitted into 

various handicraft products, such as bags, hats, or 

other webbing. There are distinctive motifs and tex-

tures of agel fiber combined with the creativity of 

craftsmen. 

Data related to machine testing, including time 

and dryer machine temperature, are presented in Table 

2. 

  

Table 2. Dryer machine testing result 

 

Testing 
Time 

(minutes) 

Dryer machine tem-

perature 

1st Test 

(Capacity 5 

kg wet 

gebang 

leaves) 

0 23 

30 46 

60 63 

90 84 

120 83 

2nd Test 

(Capacity 7.5 

kg wet 

gebang 

leaves) 

0 23 

30 46 

60 63 

90 83 

120 82 

150 81 

180 84 

3rd Test 

(Capacity of 

10 kg wet 

gebang 

leaves) 

0 25 

30 49 

60 65 

90 84 

120 83 

150 84 

180 84 

210 84 

240 85 

 

The final data of the research testing results 

reaches the research conclusions. It is known that the 

maximum weight of the wet gel used in the test is 10 

kg. The drying temperature in the sun is between 25°C 

and 35°C or uncertain for 8 hours per day. Meanwhile, 

10 kg of agel that is dried using a dryer machine is set 

at a temperature of 75–85°C and can dry in 4 hours. 

The water content of dried gebang leaves has an 

average water content of 65%. Dried gebang leaves 

that have been processed by machine or called agel fi-

ber have a dryness of 13–15%, with the water content 

in the fiber measured using the Amtast MC-7806 

measuring instrument. The results related to the com-

parison can be seen in Table 3. 

 

Table 3. Dryer machine specifications 

 
No Type of dry-

ing  

Tempera-

ture 

Amount Drying 

time 

1 Conventional 

method 

25–35°C 10 kg 

(one dry-

ing) 

40 hours (8 

hours/day if 

sunny) 

2 Dryer ma-

chine 

75–85°C 10 kg 4 hours 

 

4.6. Result of Dried Agel Production  

Calculations were conducted regarding the agel 

production after implementing the drying machine for 

1 month of production to determine the increase in 

SME productivity before and after using this machine. 

This machine is capable of drying wet gebang leaves 

in one process with a maximum capacity of 10 kg, then 

craftsmen can get an average of 7.5 kg of dried agel 

fiber. Accumulatively, the conventional method is only 

able to produce 45 kg of dried agel fiber by one worker 

with 8 hours per day for one month (30 days) and un-

der favorable weather conditions, whereas when using 

a dryer machine, it can produce 225 kg of dried agel 

fiber with continuous 24-hour operation, irrespective 

of weather condition.  

 

5. Conclusion 

The study has successfully manufactured and 

implemented a drying machine that uses IoT system 

monitoring to address partner problems related to 

monitoring the agel fiber drying process. This system 

is equipped to monitor the drying process at features 

such as temperature, humidity, remaining time, and 

drying mark completion, and can function optimally 

according to the work method that has been designed. 

The dryer machine has dimensions of 150 cm × 80 cm 

× 100 cm and a production capacity of 10 kg. It fea-

tures a 3 × 3 cm angle iron frame and a laser plate as 

part of its engine cover with a thickness of 1.2 mm. 

The machine uses 900 VA house electricity as its en-

ergy source for motor and an LPG gas stove with a 

temperature of 75–85°C as its drying heat source. With 

this machine, 10 kg of wet gebang leaves can be dried 

in 4 hours, producing 7.5 kg of dry agel, resulting in a 
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production of 225 kg per month. This machine creates 

a significant improvement compared to the conven-

tional method that previously took 5–6 days to produce 

10 kg of dried agel and was only able to produce 50 kg 

each month. By using this machine, the drying process 

becomes easier and the risk of MSDs due to inappro-

priate body posture while working can be reduced.  
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