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Highlights 

What are the main findings? 

 The developed dryer machine reduces drying time from approximately four days to 280 minutes 

while achieving a final moisture content below 10%, suitable for handicraft applications. 

 The machine produces higher-quality fibers with lower residual moisture (9%) and eliminates 

unusable material caused by contamination, unlike manual drying which produces around 9.2% 

damaged fibers. 

 Over extended operation (180 days), the dryer machine processes up to 7200 kg of wet water 

hyacinth compared to only about 4400 kg using manual drying, demonstrating significantly 

higher production capacity. 

What are the implications of the main findings? 

 Controlled drying technology ensures optimal moisture content, improving fiber flexibility, 

quality, and usability for handicraft production. 

 Continuous and weather-independent operation significantly enhances production stability and 

scalability in small-scale industries. 

 The utilization of water hyacinth supports sustainable and export-oriented production by 

converting invasive biomass into valuable handicraft products within a circular economy 

framework. 

Abstract 

Water hyacinth (Eichhornia crassipes) is an invasive aquatic plant with high lignocellulosic content, 

offering potential as a natural fiber resource for craft-based industries. However, its extremely high 

initial moisture content (≈95%) presents a major challenge in fiber processing, particularly for small-

scale industries that rely on traditional sun-drying methods. These methods are highly dependent on 

weather conditions, prone to contamination, and produce inconsistent fiber quality. This study 

adopts a research and development (R&D) approach to design and evaluate an innovative dryer 

machine specifically for water hyacinth fiber processing. The proposed system utilizes LPG-based 

heating and controlled airflow to achieve stable drying conditions. Experimental results show that 

the dryer machine can process 10 kg of wet water hyacinth within 280 minutes, significantly shorter 

than approximately four days required for manual drying. The system reduces the moisture content 

to below 10%, resulting in improved fiber cleanliness, uniformity, and usability. Although the dried 

mass produced by the machine is slightly lower compared to manual drying, this is a�ributed to 

more effective moisture removal, leading to lower residual water content in the final product. 
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Productivity analysis indicates improved operational consistency and higher processing capacity 

over extended periods (30–180 days), particularly under varying weather conditions. These findings 

demonstrate that controlled drying technology provides a reliable and efficient solution for 

lignocellulosic fiber processing in small-scale industries, contributing to improved material 

utilization and sustainable biomass management. 

Keywords: crafts; craftsmen; dryer machine; fiber; water hyacinth 

 

1. Introduction 

Natural fibers are parts of plants that can be transformed into valuable products for daily life. 

Moreover, numerous types of natural fibers can be utilized across creative industries such as 

handicrafts to earn profits [1–3]. One fiber that can be used for crafts is water hyacinth [4], which is 

generally classified as a weed due to its reducing oxygen levels for fish [5], blocking waterways [6], 

limiting boat traffic [7], creating an ideal habitat for disease-carrying mosquitoes [8], and can be 

utilized as a craft product that holds considerable economic value [9–11]. 

Water hyacinth (Eichhornia crassipes) is a lignocellulosic biomass composed primarily of 

cellulose, hemicellulose, and lignin, which are the principal structural components of most 

plant-based fibers [12,13]. Previous studies have reported that water hyacinth exhibits relatively high 

cellulose content, indicating its suitability for fiber-based applications such as handicrafts and woven 

products [4,14]. Despite this potential, the utilization of water hyacinth fibers is severely constrained 

by their extremely high moisture content, which can exceed 90% on a wet basis [14,15]. 

In lignocellulosic material processing, drying is recognized as a fundamental preprocessing step 

that directly affects storage stability, biological durability, and fiber usability [16,17]. Insufficient or 

uncontrolled drying may promote microbial degradation, surface contamination, and non-uniform 

moisture distribution, ultimately reducing material quality and limiting downstream processing 

performance. These challenges are particularly pronounced in small-scale production systems where 

drying is often conducted outdoors under uncontrolled environmental conditions. 

In Indonesia, several areas have very abundant water hyacinths The reservoir area in Walahar 

Village, Karawang Regency, West Java is one of the centers for crafting water hyacinth fiber into 

functional products like bags, hats, photo frames, pencil cases, and others [18]. Since there are around 

20-30 tons of water hyacinths lifted from the river and lake every year by the local government [19–

21]. The abundance of water hyacinths has led many residents to build handicraft businesses using 

water hyacinths. 

This resource is a source of income for Small and Medium Enterprises (SMEs) in local 

communities of up to hundreds of millions of rupiah per month [22]. Apart from being sold 

throughout Indonesia, this craft is exported to Europe [23,24]. One of the water hyacinth craftsmen 

in Walahar Village stated that they could get an order for 500 water hyacinth goody bags in a month. 

This order not only comes from Indonesia but also from abroad such as Russia, Saudi Arabia, and 

Madagascar [25]. However, the process of drying water hyacinth raw materials is still conducted 

manually, which sometimes hampers productivity. 

Currently, water hyacinth fiber is produced by sun-drying freshwater hyacinth for about four 

days [15]. During the rainy season, the process of producing water hyacinth fiber can be hindered as 

more clouds tend to cover the incoming sunlight. This poses a challenge for craftsmen and requires 

a solution to overcome the obstacle and ensure optimal production of fiber [26]. The fluctuating 

manual drying time and the uncontrollable outdoor environment make the inconsistent quality and 

productivity of fibers. Therefore, the researchers used the R&D method to develop a drying machine 

that provides consistent and improved drying methods with technology.  

Regarding drying technology for water hyacinth fiber, there is currently a lack of research 

specifically focused on the development or fabrication of dryer machines tailored for this material. 

Existing literature primarily centers on the design and manufacture of dryers for other fiber materials. 
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Due to there are no prior studies dedicated to water hyacinth dryer machine, this study draws upon 

existing research on drying technologies for other plant-based materials such as bamboo and leaves. 

A comparative analysis of six dryer machine models, including respective advantages and 

limitations, is presented in Table 1. 

Table 1. Previous Research regarding Fiber Dryer Machine. 

Dryer Model  Advantages Limitations References 

Greenhouse 

Dryer 

 Does not require high 

operational costs 

 Hybrid energy 

 Requires a large area (20m2) 

 Dependent on weather 

 Long drying time (2 days) 

 High initial cost 

[27] 

Oven   Flexibility in operation 

 Proven to increase 

productivity 

 Removes moisture 

content 

 The machine only tested to dry 

hard fibers with less moisture content 

(bamboo) 

 Overheating may take place 

because there is no control for the 

blower 

 Heat distribution is not 

comprehensive 

[28,29] 

Cabinet and 

Chamber 

 Simplicity of construction 

 Good drying conditions 

for grains requiring long and 

not too intensive drying 

 Low price of construction 

 Unevenness of the drying 

process in different parts of the dryer 

 Long drying time 

 Significant heat loss during 

loading and unloading 

[30,31] 

Rotary Model  High versatility of 

applications  

 High thermal efficiency 

 Uniform temperature 

distribution 

 Costly in manufacturing and 

operation 

 Machine size is too large for 

SME 

[32,33] 

Bed dryers  Possibility of drying 

grains or fibers with large 

diameters 

 Facilitating drying of 

easily agglomerating grains 

 Possibility to work in a 

batch and continuous mode 

moving part 

 Limited bed height (for 

apparatuses without the draft tube) 

 Due to intensive circulation 

possible damage to grains with low 

mechanical strength 

[34,35] 

Belt convective 

dryers 

 Uniformity of drying for 

crossflow dryers  

 No dust formation or 

material crumbling 

 Easy adjustment of 

process conditions and plant 

performance 

 Unevenness of drying in the 

dryers with the gas flow along the bed 

 Large air pressure drops in the 

dryers with the gas flow through the 

bed 

[36,37] 

These references can be utilized for the development of water hyacinth dryer machines, serving 

as a guide and benchmark for researchers to create suitable fiber drying machines for water 

hyacinths. The water hyacinth fiber drying machine created is a technological innovation developed 

specifically to dry water hyacinth material effectively and efficiently. Designed with an optimal 

temperature and air circulation control system, this machine ensures fiber drying without damaging 

its natural structure. Equipped with IoT-integrated humidity parameters and temperature control, 

this technology allows real-time monitoring during the drying process. This development is expected 
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to answer the unique challenges faced by Indonesian MSMEs in processing water hyacinth content. 

By optimizing drying time and quality consistency, this machine increases production efficiency and 

end product quality for the water hyacinth-based craft industry. 

2. Methods 

Drying plays a critical role in lignocellulosic fiber processing, as moisture reduction influences 

fiber flexibility, surface condition, and resistance to biological degradation [12,16]. For natural fibers 

intended for craft and textile-related applications, controlled drying conditions are essential to 

preserve fiber integrity and ensure consistent quality prior to further processing such as weaving or 

dyeing [17]. Accordingly, the design of the proposed drying system prioritizes stable thermal 

conditions and uniform air circulation to facilitate controlled moisture removal while maintaining 

the structural characteristics of lignocellulosic water hyacinth fibers. 

This study employs the Research and Development (R&D) approach to design, create, and test 

a research-based product [38]. The R&D method in developing a dryer machine was based on 

research on making dryer machines for other fibers that had been conducted previously by Efendi et 

al. [39] and Pavan and Avinash [40] and generated in the flowchart shown in Figure 1. 

 

Figure 1. Flowchart of Development Stages for Dryer Machine. 

2.1. Problem Definition 

Drying water hyacinth fibers using manual methods has many disadvantages as explained in 

the previous section. To thoroughly understand the problem, researchers conduct a survey with 48 

respondents in Walahar Village, Karawang Regency, West Java Province, Republic of Indonesia. 

Table 2 shows the demographics of the respondents collected. Researchers collected data by 

distributing the questionnaire. Respondents were selected who were aged 18 years or over, owned a 

water hyacinth fiber craft business, and/or worked as water hyacinth craftsmen in Walahar Village. 
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Table 2. Respondents Demographic. 

Characteristics Category Amount Percentage 

Gender 
Female 29 60.4% 

Male 19 39.6% 

Age 

18 – 27 years old 5 10.4% 

28 – 37 years old 23 47.9% 

38 – 47 years old 13 27.1% 

48 – 57 years old 6 12.5% 

≥ 58 years old 1 2.1% 

Experience as a 

Water Hyacinth 

Craftsman 

< 3 years 15 31.3% 

3 – 6 years 14 29.2% 

6 – 9 years 8 16.7% 

9 – 12 years 5 10.4% 

> 12 years 6 12.5% 

At this stage, the type of questionnaire designed with a three-point Likert scale is distributed to 

know the responses of respondents regarding the manual method drying process. The questionnaire 

is based on two aspects, including satisfaction with manual drying methods and drying technology 

needs with three options such as satisfied, doubtful, and not satisfied for satisfaction aspect. Then, 

for drying technology needs, three options including yes, doubtful, and no. 

The satisfactory survey of the current manual drying method shown in Figure 2(left) indicates 

56.3% unsatisfied craftsmen, 33.3% satisfied, and 10.4% neutral responses. This indicates that only 1/3 

of respondents are satisfied with the manual drying method. Moreover, during the face-to-face 

interviews. most fiber craftsmen in Walahar stated problems with the manual drying method 

including drying using manual methods takes a long time, unstable weather conditions, dirt or mold 

sticking to it, and ergonomic problems. The survey on the need for the new technology in drying 

machines results shown in Figure 2(right), there were 81.3% of respondents stated that they needed 

fiber drying technology, in respect to only 2.1% unnecessary to utilize technology and 16.7% neutral 

responses. The results of this survey prove that most of the craftsmen at the research location think 

that technology can make it easier for them to dry water hyacinths. Based on the results of these two 

surveys, it can be concluded that craftsmen are not satisfied with manual drying and think that 

technology is needed to make their work easier. 

 

Figure 2. Satisfaction Survey with Manual Drying Methods (Left); and Survey of Drying Technology Needs at 

Research Locations (Right). 

2.2. Literature Review and Studies 

In developing a dryer machine to dry water hyacinth fibers, researchers consider the research 

steps and components that will be used based on references from previous research. The dryer 

machine technology to be developed must meet several criteria such as be�er quality and quality 

control, lower costs (operation, maintenance, and capital), and shorter processing times than current 

conditions [31]. Apart from that, researchers also analyzed shortcomings in previous research to 

eliminate ineffective steps or components for machine development. Although these references are 

not case studies for creating water hyacinth dryers, but for other materials, these references are very 

33.3%

56.3%

10.4%

Satisfied

Not Satisfied

Doubtful 81.3%

2.1%
16.7%

Yes

No

Doubtful
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important to consider. A summary of the references used by researchers to compile the steps and 

components of the drying machine prototype is shown in Table 3. 

Table 3. Dryer Machine Specifications. 

No Description Specification Reference 

1 Research Stages 
Five Stages (Problem definition, literature review 

and studies, design, manufacturing, testing) 
[39,40] 

2 Machine Shape Rotary [32,33] 

3 Heat Source LPG Cylinder [29,41,42] 

4 Machine Material Mild Steel [28,29] 

5 Electrical Energy Sources Grid [29,30] 

6 Mechanical Drive Motor, V-Belt, and Pulley [32,40,43] 

7 Capacity 10,000 grams [44] 

8 Thermometer Analog thermometer 
[29,30] 

 

9 Color Green 

Water 

hyacinth’s 

color  

10 Control Electrical Panel [31] 

11 Burner / Stove One Gas Burner / Stove [31] 

2.3. Design 

The prototype dryer machine is then in the design stage consisting of hardware design and 

software design. 

2.3.1. Hardware Design 

Hardware in this machine is a physical component of a dryer consisting of mechanical, 

structural, and electrical system parts that form the main framework and function of the machine. 

These elements include the machine frame, drive motor, heating system, fan, sensor, and other 

supporting components that work together to produce an efficient and effective drying process 

according to predetermined specifications. 

The principles of hardware design for the prototype refer to the specifications presented in Table 

3. In the hardware design, the machine is drawn using the Autodesk Inventor application. Making 

hardware designs includes two-dimensional and three-dimensional drawings. Two-dimensional 

drawings are used for machine manufacturing execution and three-dimensional drawings are used 

for machine visualization. The hardware components of the water hyacinth dryer machine are 

presented in the detailed design shown in Figure 3, with a comprehensive description of each 

component and its respective function provided. 
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Figure 3. 3D Hardware Design of Water Hyacinth Dryer Machine. 

2.3.2. Software Design 

The software on this machine is a collection of programs and instructions that control the 

operation of the dryer. The software acts as the machine’s brain that processes data from sensors, sets 

operating times, controls temperature and humidity, and coordinates hardware functions. Through 

a graphical user interface (GUI), the software allows the operator to monitor the condition of the 

machine, set drying parameters, and obtain real-time data on the ongoing process, thereby increasing 

the efficiency and ease of operation of the machine. 

At the software design stage, programming is done using the Arduino IDE application, which 

is connected to a Graphical User Interface (GUI) system. This GUI system contains a program to read 

the time, temperature, and humidity of the dryer machine. The GUI interface helps in interfacing the 

device with the microcontroller so that it can be integrated as expected. Once the programming 

process is complete, the software for the electronic system working circuit is designed. 

This stage includes assembling the electronic components of the device, such as the ESP 32 

microcontroller, power supply, and DHT 22 temperature sensor. It is important to pay a�ention to 

the connections and circuit paths during the assembly process, as any errors can cause the data to be 

unreadable and the system to be damaged due to a circuit short circuit. To avoid errors in the circuit, 

it is necessary to first create a circuit design using the Thinkercad web, as shown in Figure 4 and the 

explanation of the software components for the prototype dryer machine is also provided. 

 

Figure 4. Software Design of Dryer Machine. 

2.4. Manufacturing 

The manufacturing process of the water hyacinth drying machine involves the assembly of 

hardware components and the integration of software systems into the machine structure. This stage 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 May 2026 doi:10.20944/preprints202605.0604.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202605.0604.v1
http://creativecommons.org/licenses/by/4.0/


 8 of 20 

 

is conducted systematically and is divided into four main sub-stages, those were cu�ing and forming 

the frame, welding and joining, assembling the drive and heating system, and installing a 

microcontroller-based control system. In this process, various equipment is used, such as a 13mm 

600W electric drill for drilling the frame, a plate bending machine for forming metal materials, a 400W 

grinding machine with a 4-inch blade to smooth the surface, and SMAW and MIG welding machines 

to unite the components. Precision measurements are carried out using angle rulers, magnetic 

squares, markers, and meters so that the machine structure is stable and functions optimally. 

2.4.1. Measuring and Cu�ing 

The first sub-stage is measuring and cu�ing iron plates and "L" angle irons to be used as 

production containers and machine frames shown in Figure 5a. 

2.4.2. Welding 

The second sub-stage is the welding sub-stage to connect the iron components such as plates 

and frames shown in Figure 5b. 

2.4.3. Drilling and Painting 

The third is the drilling and painting sub-stage shown in Figure 5c. Drilling is performed on the 

outer processing tube and frame to facilitate the installation of bearings. Bearings are put in place to 

minimize friction between moving parts on the machine, such as shafts and motors. Additionally, 

painting activities involve painting the plates and frames with green anti-rust iron paint. 

2.4.4. Assembling 

The final sub-stage is the assembling as shown in Figure 5d. This activity is started by assembling 

the pulley, v-belt, shaft, and electric motor into a unit as a transmission to rotate the tube. Then, the 

second assembling activity is conducted on the LPG cylinder, gas hose, and stove as the heat source. 

The last assembly activity is the electrical panel assembly. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 5. Manufacturing Process of Water Hyacinth Dryer Machine. 

After the manufacturing and assembly processes have been completed, the complete appearance 

of the dryer machine prototype can be seen in Figure 6. 
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Figure 6. Final Product of dryer machine. 

2.5. Testing 

Researching with several references, several performance indicators will be considered in testing 

the prototype dryer machine. The overall performance indicators of the machine are assessed by 

comparing the results of the manual method with the results of the drying machine, so that the 

increase in efficiency and quality obtained by the machine can be identified. The properties of the 

dryer, such as heat distribution, air circulation, holding capacity, and energy consumption, directly 

affect the five performance indicators above. Measurement with the right measuring instrument 

ensures that the results obtained are more accurate and reliable for evaluating machine performance, 

as shown in Table 4. In addition, measurements with measuring tools are useful to ensure the results 

obtained are more accurate.  

Table 4. List of Testing Items for Performance Test. 

No Testing Items Measuring Tools References 

1 
Drying Time and 

Temperature 
Stopwatch and Machine Timer [14,45,46]  

2 Drying Temperature Analog Thermometer and Temperature Sensor [47,48] 

3 Fiber Moisture Content Moisture Meter [14,49,50]  

4 Fiber Productivity  Digital Weighing Scale [51,52] 

5 Fiber Quality Visual Observation [53,54] 

To evaluate the moisture content, the sample weight was measured with the digital scales, and 

the Moisture Content (MC) was calculated at different durations using the initial MC and the weight 

as shown in the following Equation 1 [45]. 

�� = 100(−
IW

Wt
� 1 −

IMC

100
�) (1)

where MC is moisture content, IW is the initial weight of the sample, Wt is the weight of the sample 

at a time t, and IMC is the initial mc of the sample expressed on a wet basis. The water hyacinth 

drying time can be declared complete if the water hyacinth moisture content has been reduced to 

<10% [15,55]. 

The mathematical equation for the relationship between drying time and temperature was 

examined to determine the efficacy of adjusting the drying temperature [46]. For this purpose, a 

model was created using Equation 2 [45]. 

�� =
Mt

Mo
= exp[−�(� − ��)] (2)

where MR is moisture ratio, Mt is moisture content when dry based on time, Mo is initial moisture 

content on a dry basis time to, k is drying rate (h-1), (t – to) is the duration of drying time (h). 
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To evaluate the performance of the drying machine, a comparative testing approach was 

employed, contrasting its operation with the conventional manual drying method. This comparison 

facilitated the identification of improvements in efficiency and product quality a�ributable to the 

mechanized system. Key design a�ributes of the dryer, namely heat distribution, air circulation, 

holding capacity, and energy consumption were analyzed, as these factors directly influence the five 

performance indicators summarized in Table 1. 

Temperature measurements of the drying process were obtained using a calibrated IoT-based 

DHT22 temperature and humidity sensor. Real-time data collection was conducted through a data 

logging system, enabling continuous monitoring. The recorded data were further analyzed using 

statistical and mathematical modeling software, based on Equations 1 and 2. All parameters were 

measured in triplicate at predetermined time intervals to ensure data validity and reliability. The 

integration of software-based monitoring and analysis provided a robust framework for objectively 

and quantitatively assessing the drying machine’s performance in terms of efficiency and output 

quality. 

3. Results 

3.1. Drying Time 

Drying time is the time the drying method requires to dry the water hyacinth stem until it can 

be used as a basic material for handicrafts or when it has a moisture content below 10%. Using direct 

sunlight can be used as a manual method as seen in Figure 7(a) and 7(b). Drying in this method can 

be conducted on mats, wood, grass, or soil. However, this method requires a very long drying time. 

When conditions are sunny, the time needed to dry the water hyacinth stems is around 4 days or 

5,760 minutes. This duration will be even longer during the rainy season. The ineffectiveness and 

inefficiency of drying using manual methods is an opportunity to create technology that can shorten 

drying time. In this study, the use of a dryer machine to produce dried water hyacinth can be seen in 

Figure 7(c) and 7(d). In Figure 7(c) there is water hyacinth before being put into the machine and in 

Figure 7(d) there is water hyacinth that has been dried. 

(a) (b) (c) (d) 

Figure 7. Manual drying method, (a) Before drying; (b) After drying and Drying using Machine, (c) Before 

drying; (d) After drying. 

To evaluate the technology that has been developed, trials and evaluations were conducted on 

drying water hyacinth. Evaluation is conducted by comparing the drying results between the manual 

method and the dryer machine based on several observed parameters. This comparison aims to assess 

the extent to which the developed tool can work optimally, efficiently, and superior to conventional 

methods. Table 5 shows the comparison results of drying using the two methods. The water hyacinth 

stems used are divided into two weights, namely 5kg and 10kg. 

Table 5. Water Hyacinth Drying Time. 

Load of Water Hyacinth (kg) 
Manual Method* 

(Mins) 

Dryer Machine 

(Mins) 

5 5,760 200 

10 5,760 280 

*: Drying using the manual method requires the same process time without considering the quantity. 
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According to the result, the manual method takes four days or 5,760 minutes to produce dried 

water hyacinth suitable for crafting, with capacity having no impact on the drying process. On the 

other hand, a dryer machine is capable of more rapid processing. It takes 200 minutes to process 5kg 

of water hyacinth and 280 minutes for 10kg. Processing 10kg of wet water hyacinth using the machine 

can be finished faster because it utilizes the maximum capacity of the machine. 

3.2. Drying Temperature 

Drying time is directly related to the temperature of the process. Temperature measurements 

were conducted during the drying process to determine the maximum temperature achievable using 

the manual method and prototype dryer machines. In Figure 8, it is shown that the manual method, 

which utilizes sunlight for heat, maintains a stable temperature of around 32-35 degrees Celsius in 

sunny conditions. 

 

Figure 8. Drying Temperature. 

On the other hand, dryer machine can produce higher temperatures. After 20 minutes of 

operation, the temperature produced by this machine exceeded those of the manual method. The 

temperatures of this machine reach the maximum after 120-280 minutes of operation. At these 

minutes, the temperature stabilizes at its peak around 72°C  - 80°C , indicating that this is when the 

machine reaches optimal drying temperature. 

The temperature measurements are conducted using an analog thermometer. The dryer machine 

is equipped with a DHT22 temperature sensor that can measure temperature and display it on an 

LCD. For the example, in 280-minute temperature, when comparing its readings to those of an analog 

thermometer, the sensor showed a temperature of 79.7°C while the thermometer displayed 80°C, 

resulting in a difference of 0.3°C. 

3.3. Fiber Moisture Content Analysis 

The wet water hyacinth stems contain moisture content of ± 95%. Drying water hyacinth using 

sunlight with an average radiation temperature of 28 – 35°C has an average decrease in moisture 

content of 20.75% in one day. The initial specimen of water hyacinth before drying had a moisture 

content of 95%, after drying for 4 days the water hyacinth specimen had a moisture content of 12%. 

Based on the results of checking with a moisture meter, a drastic decrease occurred from day 0 to day 

1. 

On the other hand, drying using a dryer machine is more effective. Referring to the results of 

checking water hyacinth content which are visualized in Figure 9, with a load of 5kg of material, a 

dryer machine can produce dry water hyacinth in 200 minutes. Meanwhile, with a load of 10 kg of 

material or full capacity, dry water hyacinth can be produced in 280 minutes. A drastic decrease 

occurred during the drying process from 80 minutes to 160 minutes. Water hyacinth experienced a 
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weight loss of 94.5% after the drying process using a dryer machine was conducted. The results of 

checking with a moisture meter and calculations show that the implementation of a dryer machine 

has been able to reduce the water hyacinth content to less than 10%. The drying process was 

considered complete when the moisture content reached around 8-10%, which is suitable for 

lignocellulosic fiber applications. 

 

Figure 9. Moisture Content Reduction Using Dryer Machine. 

For lignocellulosic fibers like water hyacinth, 9% is optimal because excessively low moisture 

content is detrimental to fiber quality, particularly when it falls below approximately 7%. At such 

low moisture levels, fibers lose internal bound water that acts as a plasticizing agent within the 

cellulose structure, resulting in reduced flexibility and increased rigidity. Consequently, the fibers 

become bri�le and more susceptible to fracture during mechanical handling and weaving processes. 

Previous studies have demonstrated that co�on fibers processed at low moisture content exhibit 

reduced strength, increased fiber damage, and higher breakage rates, with optimal processing 

typically occurring above 6–7% moisture content. Furthermore, insufficient moisture leads to fiber 

fracture characteristics associated with bri�le failure and deterioration of mechanical performance 

during processing. Therefore, maintaining moisture content above this threshold is essential to 

preserve flexibility, structural integrity, and overall usability of natural fibers in downstream 

applications such as handicrafts and textile production [56,57]. 

3.4. Fiber Productivity 

In the test conducted, the average production time for water hyacinth with manual drying 

method typically takes four days. To compare the productivity of drying with the manual method 

and dryer machine, the four days were used as consideration. This test aims to compare the amount 

of water hyacinth that can be processed and dried within the same time duration. During the test, the 

weather conditions in four days were sunny all day and night, with no rain and no drizzle. If the 

conditions are rainy season, drying using the manual method will take more than four days.  

In this study, each drying cycle was conducted using a loading capacity of 10 kg of wet water 

hyacinth, which corresponds to the designed capacity of the dryer machine. With a drying duration 

of 280 minutes per cycle, the system requires a total operating time of 1120 minutes to complete four 

consecutive cycles within a 24-hour period. This operational se�ing results in a daily processing 

capacity of 40 kg of raw water hyacinth material. The remaining time of 320 minutes is allocated for 

break, loading and unloading between cycles, system cooling, and routine inspection. This 

operational pa�ern demonstrates that the dryer machine can operate in a near-continuous manner 

while maintaining stable performance. Then, also reflects practical and feasible working conditions 

small-scale craft industries that rely on batch-based processing systems. 
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As shown in Figure 10, the Y-axis depicts the amount of water hyacinth fiber in kilograms (kg), 

both in wet and dry conditions. This axis is used to measure the volume of water hyacinth processed 

and produced from two drying methods, namely manual and using a dryer machine, at three 

different time periods such as 4 days, 30 days, 90 days, and 180 days. Productivity in this context is 

determined based on the ratio between the amount of dry water hyacinth produced to a certain 

processing time and condition. By comparing the amount of dry output obtained at the same time, it 

can be analyzed which method is more efficient. 

The test results, visualized in Figure 10, show that within 4 days, the manual drying method can 

process 160 kg of water hyacinth and produce 9.1 kg of dried material suitable for crafts. In 

comparison, the dryer machine can process the same amount (160 kg) and produce 8.8 kg of dried 

water hyacinth. Although the resulting dry mass from the dryer machine appears slightly lower, this 

difference is a�ributed to the lower final moisture content achieved by the machine. The controlled 

drying system reduces the moisture content to approximately 9%, whereas manual sun drying 

typically retains around 12% moisture, resulting in a higher apparent weight due to residual water. 

Therefore, the dryer machine provides more effective moisture removal and produces fibers with 

lower moisture content and improved quality, even though the final mass is slightly lower. 

If production process comparisons are conducted over a short period, such as four days, the 

differences in production output are negligible. However, extending the observation period to a 

longer duration reveals more pronounced differences in production outcomes. As shown in Figure 

10, the results of a month or 30-day experimental trial highlight these disparities. Over the trial 

period, six days experienced rainfall during daytime hours, rendering manual drying infeasible on 

those occasions and restricting the processing to only 900 kilograms of wet water hyacinth. 

Conversely, the drying process utilizing a dryer machine remained operational despite the rainy 

conditions, enabling the processing of a greater volume of wet water hyacinth, amounting to 1,200 

kilograms. Moreover, the dryer machine produced 66.3 kilograms of dried water hyacinth over the 

30-day period, compared to only 51.19 kilograms achieved through manual drying.  

Productivity testing was extended to a longer duration of 90 days and 180 days, equivalent to 

three and six months. The unpredictable weather conditions during this period led to irregularities 

in the drying process and fluctuations in water hyacinth productivity. In contrast, the production 

process utilizing a dryer machine maintained consistent performance. As illustrated in Figure 10, the 

production volumes achieved through manual drying, and the dryer machine revealed a substantial 

disparity. Based on this, within 180 days, manual drying can only process approximately 4400 kg of 

wet water hyacinth, whereas the dryer machine is capable of processing up to 7200 kg under 

continuous operation. This results in significantly higher dried output from the machine compared 

to the manual method. These findings highlight that the primary advantage of the dryer machine lies 

not only in faster drying time but also in its ability to sustain continuous and weather-independent 

operation, leading to substantially higher overall productivity in long-term applications.  
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Figure 10. Productivity Comparison on trial for 4 days, 30 days, 90 days, and 180 days. 

Based on the graphic in Figure 10., although the amount of dried material produced by the dryer 

machine appears slightly lower than that obtained through manual drying during the initial four-

day period, this difference is primarily a�ributed to the lower final moisture content achieved by the 

machine. The drying system reduces the moisture content to 9%, whereas manual sun drying 

typically reaches around 12%, resulting in a slightly higher final weight due to retained moisture. 

Furthermore, over short operational periods, the difference in productivity between the two methods 

remains relatively small. However, over extended periods, the advantages of the drying machine 

become more significant due to its consistent operation and independence from weather conditions, 

leading to higher overall productivity. 

3.5. Fiber Quality Analysis 

Water hyacinth experiences changes in texture and color after drying. The water hyacinth stem 

has a stiff texture and is green, but after it goes through the drying stage, its texture becomes more 

flexible and less stiff, and its color changes to a slightly brown hue. These changes in texture and color 

are caused by the reduced moisture content of the water hyacinth after it has been dried. In Figure 11 

there is documentation of the differences between water hyacinths dried using the manual method 

and water hyacinths dried by machine. 

In terms of quality, the use of a dryer machine produces clean water hyacinth fibers without any 

dirt or dust stuck to the stems as seen in Figure 11b. Meanwhile, when drying using the manual 

method, several samples of water hyacinth stems had a dark color and looked a bit dirty as seen in 

Figure 11a. This result is worse than drying using a machine that produces fiber without mold or dirt, 

and the quality of the water hyacinth produced has a brighter color and a clean surface. Drying using 

the manual method results in the water hyacinth being easily exposed to dust, dirt, and mold, which 

is a factor in reducing the quality of the fiber. 
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(a) 

 
(b) 

Figure 11. Results of Dried Water Hyacinth, (a) Using Manual Method; (b) Using Dryer Machine. 

Dried water hyacinth stems that are dirty and damaged because they are filled with dust or mold 

cannot be used to make crafts because water hyacinth is very difficult to color. After separating the 

unusable dried water hyacinth from the usable dried water hyacinth, researchers found that 

approximately 0.84 kg of unusable dried water hyacinth was obtained from the 9.1 kg of dried water 

hyacinth produced during manual drying. This means that about 9.2% of the dried water hyacinth 

cannot be used or further processed into crafts. However, zero or no unusable dried water hyacinth 

was found in the material processed using a dryer machine. Zero unusable dried water hyacinth 

saves raw material losses and minimizes financial losses for craftsmen. As depicted in the graph in 

Figure 12, the data shows that using machines successfully eliminates the threat of external dust and 

dirt during the drying process. 

 

Figure 12. Analysis of Unusable Dried Water Hyacinth in 4 Days of Production. 

Moreover, the Y-axis in Figure 12 shows the weight of dried water hyacinth (in kilograms), 

which is divided into three categories, namely dried water hyacinth (usable dried water hyacinth) 

shown in light green, unusable dried water hyacinth (unusable dried water hyacinth due to damage) 

shown in red, and total of fiber that can be used shown in purple. This figure shows the productivity 

of the two drying methods. Productivity is determined based on the amount of dried water hyacinth 

that is suitable for use and can be processed into crafts. In the manual method, out of a total of 9.1 kg 

of dried water hyacinth, 0.84 kg cannot be used. In contrast, the use of a drying machine produces 

8.8 kg of dried water hyacinth without any unusable material, indicating higher efficiency in 

maintaining material quality. 

The improvements observed in fiber cleanliness, flexibility, and color uniformity can be directly 

a�ributed to controlled moisture reduction during the drying process. In lignocellulosic fibers, 

excessive or uneven drying may lead to surface contamination, discoloration, and partial structural 

degradation, reducing material suitability for craft applications [17,53]. The controlled drying 

environment provided by the developed system minimizes exposure to dust and biological 

contaminants, thereby preserving fiber surface quality and enhancing usability for downstream craft 

processing. 

3.6. Implications for Lignocellulosic Fiber Processing in Small-Scale Industries 

From a lignocellulosic materials perspective, the results of this study demonstrate that drying 

constitutes a decisive preprocessing stage in enabling the utilization of invasive biomass resources 
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such as water hyacinth. By significantly reducing drying time while maintaining fiber quality, the 

proposed system addresses a key processing bo�leneck commonly encountered in small-scale 

industries that rely on manual drying techniques. Similar observations have been reported in studies 

on other lignocellulosic materials, where controlled drying enhances process continuity, reduces 

biological degradation, and improves material consistency [16,17]. The findings of this study 

therefore support the broader applicability of controlled drying technologies in decentralized 

lignocellulosic biomass processing systems. 

Furthermore, the practical utilization of dried water hyacinth fibers is clearly demonstrated in 

the form of handcrafted products, as illustrated in Figure 13. The figure presents a variety of finished 

goods produced by local craftsmen, including woven bags, storage baskets, containers, and 

decorative household items. These products reflect the successful transformation of lignocellulosic 

water hyacinth fibers into value-added applications with satisfactory structural strength, flexibility, 

and aesthetic quality.  

 

Figure 13. Handcrafted Products Made from Dried Water Hyacinth Fibers. 

The ability of the fibers to be manually woven into diverse shapes without significant breakage 

indicates that the drying process has preserved the mechanical integrity and workability of the 

material. This highlights the importance of achieving an optimal moisture content that balances 

sufficient dryness with retained flexibility for craft processing. Additionally, these handcrafted 

products demonstrate strong market potential, as similar water hyacinth-based goods are widely 

distributed not only in domestic markets but also in international export markets.  

From a sustainability perspective, the utilization of water hyacinth fibers for handicraft 

production represents an environmentally beneficial approach by converting an invasive aquatic 

plant into economically valuable products. This contributes to a circular economy model, where 

biomass waste is effectively repurposed into functional and marketable goods, supporting both 

environmental management and local economic development [58]. 

4. Conclusions 

This study confirms that drying is a critical preprocessing step in the utilization of lignocellulosic 

water hyacinth fibers. The developed drying system effectively reduces moisture content, enhances 

fiber quality, and improves processing efficiency, thereby enabling consistent material utilization for 

small scale craft industries. By overcoming the limitations of traditional sun drying methods, the 

proposed approach supports the sustainable processing of lignocellulosic biomass and contributes to 

the expanded utilization of invasive plant resources as value added natural fibers. 

This research survey showed that 56.3% of craftsmen in Walahar Area, Karawang, Indonesia, 

were dissatisfied with manual drying methods in drying water hyacinth fibers. Besides, 81.3% of 
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these craftsmen expressed a need for fiber-drying technology to dry water hyacinth. In addition, the 

main issues with manual drying methods include long processing times, weather conditions, 

ergonomic concerns, and the amount of dust that sticks to the fiber. Based on the survey results, the 

dryer machine was developed to help craftsmen increase fiber productivity and quality. The dryer 

machine was created with a product development approach that takes similar past research as a 

reference. The stages of this research include identifying user needs, machine component & concept 

studies, design, manufacturing, and testing with user response & feedback. 

To determine the performance of the drying machine, performance testing was carried out 

through five main indicators, including drying time, drying temperature, fiber moisture content, 

productivity, and fiber quality. Each indicator was measured using a specific measuring instrument 

and compared with a manual method as a reference. This approach allows for an objective evaluation 

of the speed, efficiency, and quality of the drying results. The results of each test are described 

separately to show the difference in performance between the traditional method and the developed 

machine technology. The result of performance test showed that the dryer machine can process 10 

kilograms of water hyacinth in 280 minutes, which is significantly faster than the manual method 

which takes 4 days in sunny condition. Furthermore, the dryer machine can dry the fibers of water 

hyacinth to a moisture content of less than 10%, surpassing the manual method’s capability of 

reaching only 12%. The dryer machine can also produce a maximum heat of 80°C, which is higher 

than the constant drying temperature of 32-35°C for the manual method. Additionally, the dryer 

machine yields high-quality dried water hyacinth, while the manual method results in approximately 

9.2% of the dried material being unsuitable due to dirty and damage. 
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