
 

ISSN: 2621-4709 E-ISSN: 2621-2528 

 

Journal of Applied Agricultural Science and Technology 

Vol. 8 No. 3 (2024): 375-383 

 

 
https://doi.org/10.55043/jaast.v8i3.257  

Received November 30, 2023; Received in revised form July 19, 2024; Accepted August 13, 2024; Published August 27, 2024 

* First corresponding author 
Email: wawan291093@gmail.com  

© 2024 The Authors. Published by Green Engineering Society on Journal of Applied Agricultural Science and Technology 

This is an open access article under the CC BY-SA 4.0 license https://creativecommons.org/licenses/by-sa/4.0 

375 

Analyzing the Performance of Multi Seeds Smart Dryer (MSSD) with Low Cost and Low 

Energy Consumption (LCEC) 

 

Indarto Indarto a, Priza Pandunata b, Rufiani Nazdirah a, Amal Bahariawan c, Mohamad Wawan 

Sujarwo d *, Chairiyah Umi Rahayu d 

  
a Prodi Teknik Pertanian, FTP, Universitas Jember, Jember, Indonesia 

b Fakultas Ilmu Komputer, Universitas Jember, Jember, Indonesia 
c Politeknik Negeri Jember, Jember, Indonesia 

d Yayasan Multi Dimensi Indonesai Cerdas (YMIC), Jember, Indonesia 

 

Abstract. Seeds drying technology is essential for ensuring the quality of agricultural products, 

particularly seeds. Although technological developments have resulted in more effective drying 

methods, challenges such as high energy consumption persist among small-scale farmers with 

limited resources. Therefore, this research aimed to analyze the performance of Multi Seeds Smart 

Dryer with Low Cost and Low Energy Consumption (MSSD-LCEC), a machine designed to solve 

the inadequacies of traditional seeds drying methods. The machine used low-energy components 

and environmentally friendly concepts to achieve sustainable seeds drying while remaining 

affordable for small-scale farmers. Using corn, peanuts, and soybeans as test materials, the 

performance of MSSD-LCEC was analyzed through the use of factors such as drying rate, energy 

consumption, temperature, humidity, and moisture content (MC). The results showed that the 

machine effectively dried seeds in acceptable MC levels, meeting quality standards for seeds 

certification. This research also discussed the economic benefits of MSSD-LCEC, highlighting the 

stable performance and efficient energy use. By optimizing the machine's operation and 

minimizing energy costs, small-scale farmers could enhance their profitability while contributing 

to environmental sustainability. In conclusion, further refinement of the control system had the 

potential to enhance both economic benefits and environmental sustainability in seeds processing 

applications. 
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1. Introduction 

Seeds drying is one of the agricultural stages that has a major impact on product quality [1]. 

With technological developments, seeds drying method are subjected to significant transformation 

[2–4]. This method has experienced rapid improvements in efficiency, speed, and quality. Several 

reviews have compared drying method for analyzing the physical and chemical properties of plants 

that have bioactive compounds [5] and evaluated the impacts of drying method on coffee's 

physical, biological, and chemical properties [6], as well as investigated energy consumption in 

paddy drying [7]. These developments address the increasing demand for high-quality seeds in the 

global market [8]. The growing need for seeds correlates with increased food consumption, for 

instance, Indonesian companies demand roughly 29.7 Million Metric Tons (MMT) of corn, and 
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rice consumption remains stable at 35.2 MMT from 2022-2023 [9]. In addition, seeds production 

is closely related to institutional policies and stakeholder interactions, including research 

institutions, certifying authorities, producers, and technology developers. Rapid and appropriate 

responses to these challenges can increase seeds availability for producers [10]. 

Technical problems have arisen with the advancement of seeds drying technology, one of 

which is high energy consumption [11]. High energy consumption results in increased electricity 

bills and has a negative impact on the environment, particularly in areas that depend on fossil 

resources [12,13]. Therefore, developing technology that prioritizes low energy consumption is 

necessary. For instance, IoT technology in drying operations may be useful for real-time control 

and small energy consumption [14]. 

Effective seeds drying technology is particularly crucial for small-scale farmers, who 

frequently have limited resources, such as energy and capital. Many farmers in Indonesia are 

considered poor, with average land ownership of less than 1 hectare [15,16]. By designing drying 

technology [17], small-scale farmers can improve seeds quality without incurring excessive 

financial costs [18,19].  

Based on the above description, this research explores recent developments in seeds drying 

technology, with a focus on energy efficiency. Menon et al. and Alam et al. [20,21] found that 

using low-energy components resulted in a more efficient drying method than solar energy. The 

technology provides an efficient solution for small-scale farmers, promoting the production of 

high-quality seeds while also improving the environment and agricultural sustainability [22,23]. 

Multi Seeds Smart Dryer with Low Cost and Low Energy Consumption (MSSD-LCEC) [24] 

is an improvement on the previous MSSD machine [25]. MSSD-LCEC is designed to dry various 

seeds by prioritizing eco-friendly principles and saving energy [24]. The machine is also 

inexpensive to build, as it uses commonly accessible and low-cost components, such as multiplex 

with a layer of aluminum foil. Furthermore, MSSD-LCEC is designed with more efficient 

components, including a heater with light-emitting diode (LED) lights and a low-energy fan. LED 

has several benefits such as reduced energy use, a longer lifespan, and the elimination of dangerous 

chemicals [24]. 

This research aims to analyze the performance of MSSD-LCEC drying machine using corn, 

peanut, and soybean seeds. The evaluated parameters included drying speed, energy consumption, 

temperature and humidity of drying process, and material moisture content (MC).  

2. Materials and methods 

2.1. Drying Unit 

The specifications of MSSD-LCEC included the dimensions of 130x50x100 cm3 with an 

energy consumption of 1300 Wh. The frame of the machine was built of stainless steel hollow iron 
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2.5x2.5 cm3 (11) with 10 racks measuring 100x50 cm2 (14), as shown in Fig. 1. Fig. 2 presented 

the layout, which included a side-mounted lamp and fans. There were 6 lamps of 40-watt bulbs 

and 6 Direct Current (DC) fans with a total energy consumption of 10 Watt-hours (8). 

 
Fig. 1.  MSSD perspective from the front and without cover 

 

 
Fig. 2.  MSSD-LCEC frame and block diagram of the machine's working system 

The control component of the system consisted of a switch for selecting drying mode (1), a 

thermostat for manual engine control (2), and an energy supply to power the Arduino and other 

electronic components (3). Furthermore, DHT22 sensor functioned to detect the temperature and 

humidity in drying room [26]. The Arduino Mega also functioned as the brain or central controller 

of the control system [27]. Additionally, liquid crystal display (LCD) (20x4) cm2 assisted in 

showing temperature information directly (6). A relay regulated the on and off of the actuator in 

accordance with the desired temperature. The button module was used to change temperature 

settings according to the type of beans being dried (10). The machine walls were made of 8 mm 

thick multiplex and insulated with aluminum foil (12). The machine was also equipped with 3-

inch wheels that could rotate at 36oC and included brakes for stability (13). Moreover, a control 

box ensured the security and support of the Arduino Mega microcontroller (5) and energy supply 

(3). 
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2.2. Material 

The test materials contained 3 types of seeds, including corn, peanuts, and soybeans, which 

were examined for their initial MC. Although MSSD-LCEC had a capacity of 30 kg of seeds, the 

material weight was set at 20 kg in this experiment, as shown in Table 1. 

Table 1. Material test 

No Material X initial MC Weight (kg) 

1 Corn 23.5 20 

2 Peanuts 25.53 20 

3 Soybeans 18.43 20 

2.3. Procedure 

The procedure included (1) installing a Digital Watt Meter to monitor the energy 

consumption of the machine, (2) arranging the observation materials equally over the racks, (3) 

drying each sort of material alternately, with 3 tests for all of them, and (4) turning on the machine 

to activate the 6 LED lights and DC fans, which started the heat transmission process. The exhaust 

fan directed the generated heat to the right side and onto the racks, ensuring consistent temperature 

distribution. The next procedure to take while testing the material was to set the maximum 

temperature points with the intelligent control box, including 40°C for corn and soybeans, as well 

as 35°C for peanuts. The temperature set was established based on preliminary research data, and 

the machine operated on a closed-loop system principle. When the air temperature reached the 

desired level, the heating lamps would switch off, and the hot air was expelled with the assistance 

of the exhaust fan. The smart control system recorded and showed the actual temperature and 

humidity level in the machine. Every 3 hours, use a Grain Moisture Meter that operated on 

conductometric principles to check the MC of seeds [28]. The drying process was considered 

complete when MC met the specified criteria. Drying rate profile during drying was determined 

using Equation (1) [29], as follows: 

dM

dt
=
Mt1 − Mt2

∆t
 (1) 

dM/dt: Drying Rate (%d.b/min) 

Mt1: MC of the material at time t1 

Mt2: MC of the material at time t2 

∆t: Difference between t1 and t2 (minutes) 

3. Results and Discussion 

3.1.  Drying Rate 

Fig. 3 presented the distribution of air temperature and humidity on each rack, maintaining 

temperatures of 35°C and 40°C [30]. The duration of 29, 22, and 36 hours was used for drying 

corn, peanuts, and soybeans, respectively. Data collected every 10 minutes showed that drying 

room temperature for all 3 materials stabilized at 30-35°C. However, in comparison to room 
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temperature, humidity levels in drying room fluctuated according to the machine's operational 

system. When the heating components were active, aerobic respiration and water evaporation 

occurred in the materials, leading to changes in drying room's humidity as MC of the materials 

decreased [31]. The results supported the idea of enhancing the energy efficiency of drying process 

while preserving the necessary quality of seeds material [32]. 

 
Fig. 3. Performance Graph of MSSD-LCEC Machine 

3.2. Moisture Content (MC) and MSSD-LCEC Performance 

MC testing determined the amount of MC in seeds and the loss, which was represented as a 

percentage of the initial seeds weight [33]. According to MC Standards for Approving Food Plant 

Seeds Certificates [34], the net MC of seeds should be 11%. The average initial MC for corn, 

peanuts, and soybeans was 23.5%, 25.53%, and 18.43%, respectively, with final values of 12.3%, 

10.7%, and 10.7%. The final MC of corn surpassed seeds criteria established by the Directorate 

General of Food Crops in 2019. However, Minister of Agriculture Decree 620/HK.140/C/0.4/2020 

concerning Technical Instructions for Food Crop Seeds Certification included quality standards in 

laboratories and allowed a maximum MC of 13% for corn [35]. Therefore, the final MC of the 3 

materials was acceptable for seeds quality standards. 

 
Fig. 4. MC for Each Rack Position 
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Fig. 4 presented that the differences in final MC results were not significant at each rack 

position. This case was typically influenced by rolling or moving racks every 3 hours. According 

to Purnamasari et al. [36], MC of materials decreased with time due to evaporation. MC played an 

important role in drying process because it influenced both drying time and physical changes in 

the material caused by chemical reactions [37]. 

Table 2.  MSSD-LCEC Performance Test 

No Material 
Set Point Max 

of drying (oC) 

Drying time 

(hour) 

Energy 

Consumption 

(KWH) 

 X Final MC 

(%) 

Drying Costs (1 

kwh = Rp. 605,-) 

power 900 VA  

1 CORN 40 29 4.40 12.3 2.664 

2 PEANUTS 35 22 3.88 10.7 2.349 

3 SOYBEAN 40 36 7.03 10.7 4.253 

 

Table 2 presented those soybeans required a longer drying process than other materials 

because the seeds coat was thicker, resulting in slower water diffusion [38]. During testing, the 

Digital Watt Meter showed reliable machine performance with an electrical energy consumption 

of roughly 237 watts, continuously falling in the 230-watt range. By calculation, the combined 

energy consumption of the 6 LED lights (40 watts/LED) and DC fans (10 watts) would be 250 

watts. The observed energy consumption was lower because the control system guaranteed that 

LED lights and fans did not function at the same time, resulting in less power use.  

From an economic perspective, considering the energy consumption and electricity tariffs 

(above Rp. 5000 for a 900 VA electricity tariff and above Rp. 3000 for a 450 VA electricity tariff), 

a careful assessment was required to optimize the machine's operation and minimize energy costs. 

The stability and efficiency of the machine were indicated by consistent energy consumption 

readings. This suggested potential economic benefits with strategic operation and control 

adjustments, particularly for farmers. 

4. Conclusions 

In conclusion, MSSD-LCEC showed promising performance in seeds drying, with 

considerations for optimizing energy consumption and cost-effectiveness. Further refinement of 

the control system could enhance economic benefits while maintaining environmental 

sustainability. The ability of the machine to accommodate different materials and the stable 

performance made it a valuable asset for seeds processing applications, particularly for small-scale 

farmers. 

 

Abbreviations 

DC direct current 

LCEC low cost and low energy consumption 

LCD liquid crystal display  

LED light-emitting diode 
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MC moisture content 

MMT million metric tons 

MSSD multi seeds smart dryer 

VA volt ampere 
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