Journal of Renewable Energy, Electrical, and Computer Engineering
Volume 6, Number 1, March 2026. 55-64

eISSN 2776-0049 DOI: https://doi.org/10.29103/jreece.v6il.22940
Original Research Article

Prototype of Automatic Egg Incubator with Internet of Things Based on
ESP32 Microcontroller

Mahmuddin!, Muhammad Daud™?, Fakhruddin Ahmad Nasution3, Misbahul Jannah4, Asran5, Azwati Azmin®é
1Department of Electrical Engineering, Faculty of Engineering, Universitas Malikussaleh, Lhokseumawe,
Indonesia

2345Department of Electrical Engineering, Faculty of Engineering, Universitas Malikussaleh, Lhokseumawe,
Indonesia

¢Faculty of Electrical Engineering, Universiti Teknologi MARA Cawangan Pulau Pinang, Kampus Permatang
Pauh, Pulau Pinang, Malaysia

ECorresponding Author: mdaud@unimal.ac.id | Phone: +6285277299111

Received: 13 July 2025 Revised: 02 February 2026 Accepted: 06 February 2026

Abstract

Chickens are a type of poultry that reproduce by laying eggs. The increasing demand for chicken meat makes it
difficult for farmers to meet consumer demand. Therefore, along with technological developments, a tool for hatching
chicken eggs that can work automatically to facilitate hatching is needed. To meet these needs in solving the problem
of designing an automatic egg incubator system and the performance of the egg incubator that can be monitored via
smartphone, which aims to produce an egg incubator that can be monitored and monitored in real time. The
prototype of this tool was built using ESP32 as a processor, one type of sensor as an input device, a fan, a gearbox
motor and the blynk application as output devices. The sensor used is a DHT11 sensor that can detect temperature
and humidity in the egg incubator box, this tool is also equipped with internet of things as a data output that can be
monitored via smartphone. Testing was carried out on free-range chicken eggs with a device capacity of 35 eggs. From
the test results, it was obtained that the egg incubator can work well. The number of eggs used for the experiment was
35 eggs. This egg incubator has a 91% success rate, with a 9% failure rate, based on 32 chicken eggs hatching.
Therefore, this incubator is suitable for both large and small-scale hatching.
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Introduction

Chicken is a type of animal in the bird group that is used for its meat or eggs. Generally, poultry is part of the Gallifores
Order such as chickens and turkeys and Anseriformes such as ducks. Chicken is a type of animal that reproduces by
laying eggs (Rico Agung F, S.Kom 2019) . The embryo in the egg will develop at an incubator temperature between 36°C
and 38°C. Good relative humidity in an egg incubator ranges from 60% to 65% with a tolerance for humidity changes of
5% to 10% (Adriansyah, Permata, and Cahyono 2023) .

To get a lot of chicks at the same time will be a problem if obtained naturally. This is because the mother hen can
only incubate a maximum of 10 eggs, if you want to hatch a lot of chicken eggs at the same time then there must be a lot
of mother hens to incubate them. There are two ways to hatch chicken eggs, namely naturally and artificially, naturally
by hatching with a mother hen, while artificially by using an egg incubator (Setiadi 2020) . Egg incubator is a machine
used to replace the incubation task by the mother hen. Egg incubator has advantages over being hatched by the mother
hen in the number of eggs, more eggs are hatched and the hatching time is relatively the same (Ahaya and Akuba 2018) .

Internet of things (IoT) is a computerized system that can connect or communicate with electronic machines and can
exchange data via the internet network so that it can facilitate human work (Salsabila et al. 2022) . During the hatching
process, the eggs must be rotated to get even heat and the embryo does not stick to the eggshell. The rotation time starts
three days after the eggs are placed in the egg incubator and stops three days before the eggs hatch (Ahaya and Akuba
2018) . High temperature and humidity cause the embryo to be weak or even die from dehydration, while low
temperature and humidity cause the embryo not to develop optimally. The position of the eggs in the egg incubator also
affects the development of the embryo because the temperature and humidity produced are not evenly distributed
(Setiadi 2020). This research was designed and built with the aim of producing an automatic egg incubator that can be
monitored and monitored daily via smartphone, while previous research used LCD to output temperature and humidity
data. By that arena tool This egg incubator can help breeder in chicken development in large numbers. This egg
incubator is designed by implementing a tool that can produce good chicken development with a success rate of 90%.
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Literature Review
Basic Principles of Egg Hatching

An egg incubator is a tool that helps the egg hatching process. The way this tool works is through the incubation
process without a mother hen using a 15 watts incandescent lamp. This tool is equipped with a gearbox motor that
functions to distribute the heat to the chicken eggs by turning the eggs during the incubation process. This egg incubator
is equipped with a DHT11 sensor to help determine the temperature and humidity inside the incubator (MeisarahRizki
2023). In principle, artificial hatching is the same as natural hatching, namely adjusting environmental conditions such as
temperature, humidity and appropriate air circulation so that the embryo in the egg develops optimally so that the egg
can hatch (Andre et al. 2022).

Control and Monitoring System

The control system is the process of regulating a quantity so that it is at a certain value, while the monitoring system
acts as a data provider which will later be processed after the data is received from a temperature and humidity reader
system, to detect temperature and humidity data using the DHT11 sensor (Pratama and Muthalib 2024). This system is
widely used in the application of the industrial world sector. The purpose of implementing this system is so that
monitoring functions can be carried out without having to look directly at the field (Gunadi and Daud 2022) . The
development of technology in the field of control, allows humans to create a Human Machine Interface (HMI) system for
remote monitoring, the software and hardware used in this study are the rduino IDE software with the ESP32
microcontroller hardware . (Sari, Achmady, and Qadriah 2022)

ESP32

ESP32 is a microcontroller introduced by Espressif Sistem , the successor to the ESP 8266 microcontroller (Daud,
Fachroji, et al. 2023) . This microcontroller already has a Wi-Fi module on the chip so it is very supportive for creating an
internet of things application system (Pratama and Muthalib 2024) . Figure 1 below shows the ESP32 module has input
pins and output pins on the output pins consisting of 18 analog digital converters (ADCs) which function to convert
analog signals to digital, 2 Digital Analog Converters (DACs) the opposite of ADCs, 16 Pulse Width Modulation (PWM),
10 Touch sensors, 2 UART interface lines and 12C interface pins (Asali and Sollu 2021).
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Figure 1. ESP32 Module

Two Channel Relay Module

The relay module is a device that operates based on the electromagnetic principle to move the contractor to move
the ON to OFF position or vice versa by utilizing electrical power (Wirajaya, Abdussamad, and Nasibu 2020) . The 5 V
relay is used to create a project where one of the components requires high voltage or is Alternating Current (AC), the
relay is also a switch which is an electromechanical component consisting of two main parts, namely electro magnetic
(coil) and mechanical switch as seen in Figure 2 below (Sofyan Rifai, Sri Ratna Sulistiyanti, Afri Yudamson 2024).

Figure 2. Relay Module

Motor Gearbox

One of Motor gearbox is a system consisting of a DC motor and a gearbox. The DC motor functions to convert
electrical energy into mechanical energy (Waidah 2021) , while the gearbox in this study functions to rotate the egg so
that the heat in the egg can be evenly distributed and the development of the embryo in the egg can develop properly.
Figure 3 below shows the shape of the motor gearbox used (Daud, Hasibuan, et al. 2023)
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Figure 3. Gearbox Motor

DHT11 Sensor

The DHT11 sensor is a sensor module that functions to detect temperature and humidity which has an analog
voltage output that can be further processed using a microcontroller (Daud, Hasibuan, et al. 2023) . The DHT11 sensor
generally has a fairly accurate temperature and humidity reading value calibration feature. The storage of the calibration
data is in the OTP program memory which is also called the calibration coefficient as seen in Figure 4 below (Ariani et al.
2020).
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Figure 4.DHT11 Sensor

Incandescent Lamps

Incandescent lamps as a light source produced by channeling electric current through a filament which then heats
up and produces light (Anggelita and Mariono 2020) . This lamp is usually used for heating chicken coops and infrared
heaters in the heating process , there are two types of lamp legs, namely threaded lamp legs and bayonet lamp legs
which can be distinguished by the letter codes E (Edison) and B (Bayonet), as seen in Figure 5 below (Aulia, Fauzan, and
Lubis 2021).

Figure 5. Incandescent Lamp

Real Time Clock (RTC)

Real Time Clock is an electronic clock found in a chip on the motherboard. RTC functions to store and set time
accurately, even when the device is off or not connected to the internet. RTC is powered by a Complementary Metal-
Oxide-Semiconductor (CMOS) battery that is separate from the main power source (Nasution and Daud 2023) . The
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function of the CMOS battery is to supply current continuously, so that time is not disturbed by power outages or
voltage changes (Aditya et al. 2024) . RTC has a small memory that stores system settings such as the current time value,
as seen in Figure 6 below (Dalimunthe, Pranata, and Sonata 2022).

aNo
oW
o

v- 108
M
s

S

E
AR

Figure 6. RTC Module

Blynk App

Blynk is a platform for iOS or Android that allows you to control microcontrollers over the internet. Blynk is a very

easy-to-use application for creating simple projects. Project creation in Blynk is done using drag-and-drop. Blynk can be
controlled remotely using an internet connection (Laila Qadriah et al, 2022).

Materials and Method
Research Stages

There are several research stages as descripted as follows:

a. Literature study, a review of literature related to the problem to be discussed. The hope is that it can strengthen that
this research can be explained and provide direction in the form of instructions that aim to minimize errors in
research.

b. Identification of needs aims to find out what is needed in the research stage, including the hardware and software
used.

c. System design is the process of designing and planning a system with the aim of meeting needs and providing a
clear picture.

d. System creation means creating a program that will be run on an egg incubator.

e. Tool design is designing a picture of the tool to be designed, such as mechanical design, electronic design and
software program design .

f.  Tool making is the making of an egg incubator that can be used in real life.

g. Tool testing is done to determine the extent to which the function and performance of each component and program
that is installed properly. Overall tool performance testing is done to determine the performance of the tool.

h. Results and discussion, reading of the data obtained from the test results.

i. Drawing conclusions from the results of research that has been conducted.

System Design Methods
The system design is done by applying block diagrams and developing hardware, control and program designs

based on the previously prepared needs analysis. The system design in Figure 7 can be explained in the following

description.

a. The DHT11 sensor functions to detect humidity and temperature which will send the reading results to the Blynk
application via the internet via the ESP32 module and Wi-Fi network.

b. ESP32 as a microcontroller that functions to process data received from the DHT11 sensor and the processed results
are sent to the Blynk application. If the temperature displayed on Blynk is higher than the specified value, the DC
fan will turn on to remove the hot air in the incubator box.

c. The temperature and humidity requirements are that if the temperature is 360 with humidity above 60% then the
light will turn on and if the temperature reaches 380 with humidity below 55% then the fan will turn on together
with the light will turn off automatically.

d. gearbox motor is used to rotate the eggs so that the pressure on the eggs can be evenly distributed and the embryo

can develop properly within the first 1x2 hours the gearbox motor will rotate the eggs clockwise.
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Figure 7. Block Diagram of Designed System

All designs are made by following the research stages. Mechanical or hardware design in this research is done with
the help of SketchUp software . The purpose of making this egg hatching box is as a container for placing the control
circuit and eggs. One side of the box is given a gap as a place for a DC fan as ventilation and at the top will be given a
hole as a place for a light bulb which can be seen in Figure 8 below.

Electronic Circuit Design
The electronic design in making this research tool circuit, is built from several components that are connected into

one that forms a circuit. Components are connected to build a system that can work following commands made through
a program on the ESP32 as a microcontroller. The circuit making scheme for this final project can be seen in Figure 9.
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Figure 9. Overall Tool Set

59



Journal of Renewable Energy, Electrical, and Computer Engineering, 6 (1) (2026) 55-64

Designing How the System Works

The way the system works needs to be understood in order to know the sequence of operations of the tool that is

made, so that the program that has been made runs in its respective sequence according to the desired way the system
works. Figure 10 below is how the system works from the tool that has been realized. The following is a brief
explanation of how the system works.

a.

DHT11 sensor data processing will perform confirmation that will detect the temperature and humidity in the egg
incubator box.

If Wi-Fi has been connected to the ESP32, then blynk will show the DHT11 sensor output value that will be sent.

If Wi-Fi is not connected, it will return to the previous process until Wi-Fi is connected.

The ESP32 microcontroller will receive the result value from the DHT11 sensor, if the temperature value is below 38
o then the lamp will turn on and the fan will turn off, if the temperature value is above 38 o then the lamp will turn
off and the DC fan will turn on automatically.

Within 2 hours, the gearbox motor will automatically rotate the eggs 180 o clockwise to ensure that the eggs receive

even lighting.
®
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Figure 10. Flow Diagram of How the System Works

Results and Discussion
Prototype Realization

The realization carried out in this study is an automatic chicken egg incubator based on the ESP32 microcontroller.

The implementation carried out to achieve this research consists of mechanics with a size of 50x50x40 cm3, the use of this
box aims as a container for placing the electronic components used so that it needs to be given a hole or component
placement as seen in Figure 11 below.
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figure 11. Mechanical Results of the Egg Incubato

The electronic realization carried out on the automatic chicken egg incubator based on the ESP32 microcontroller
consists of NodeMCU ESP32 components, DHT11 sensors, blynk iot, gearbox motors , relays, DC fans, real time clocks
(RTC), power supplies, DC to DC step down modules and lights, as seen in Figure 12 below.

Figure 12. Electronic Realization of Egg Incubator

DHT11 Sensor Test Results

The results of this test are carried out between the thermometer and the DHT11 sensor, the appearance is in the form
of temperature and humidity values sent by the DHT11 sensor to the Blynk application and the results read by the
thermometer. Table 1 below is the retrieval of the results of this difference carried out at the same time.

Table 1. Comparison of thermometer and DHT11 Sensor Values

(Fg;r; DHT11(°C) Thermometer(°C) Difference  Error(%)
1 37.5 37 0.5 1.3
2 37.5 37 0.5 1.3
3 37.8 37.3 0.5 1.3
4 37.7 37.7 0 0
5 38 38 0 0
6 37.7 37.8 0.1 0.2
7 37.8 37.7 0 0
8 37.8 37.8 0 0
9 37.8 37.8 0 0
10 37.8 37.7 0.1 0.2
11 37.8 37.8 0 0
12 38 38 0 0
13 37.8 37.8 0 0
14 37.8 37.7 0.1 0.2
15 37.8 37.8 0 0
16 37.7 37.7 0 0
17 37.7 37.8 0.1 0.2
18 37.8 37.8 0 0
19 37.8 37.7 0.1 0.2
20 37.8 37.8 0 0
21 37.7 37.7 0 0
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Average error 0.2

Table 1 is the result of the comparative test of temperatures that have been measured using a thermometer and a
DHT11 sensor. The percentage of measurement error is obtained by dividing the difference in reading value by the
thermometer value and then multiplying it by 100 with the following formula.

Error = (dif ferenceinreadingvalue)/(thermometervalue)x100 4.1)

Based on equation 1, the error results obtained can be calculated as follows.
Error =0.5/37 x100
=0.013 x 100
=1.3%

Error =0/37.7 x100
=0x100
=0%

From Table 1 above, a comparison graph can be used between the read value and the measured value as shown in
Figure 13, a comparison graph of the thermometer value with the sensor. It can be seen that the comparison value of the
thermometer with the DHT11 sensor has a difference that causes a difference called an error on the sensor. The error
tolerance on the DHT11 sensor is 0.2%. In this study, the sensor worked well and optimally.

mDHTI11 Sensor

® Thermometer

Firsh Day Day to-7 Day to-14 Day to-21

Figure 13. Comparison Graph of Thermometer Values with the DHT11 Sensor

Egg Turning Test Results

The egg turning system test aims to ensure that the heat on the eggs is evenly distributed so that the embryos in the
eggs can develop properly. The results of the egg rack rotation test in the setting based on the specified time, which is
once every two hours during the hatching process. Rotation begins after the automatic system is run on the egg rotating
rack for 24 hours during incubation. Table 2 shows the results of the rack rotation during the test.

Table 2. Egg Rotation Test Results
O'Clock  Egg Position Change Criteria Test Results

08.00 180 ocw 180 ccw
10.00 180 ocw 180 ccw
12.00 180 ccw 180 ccw
14.00 180 ocw 180 ocw
16. .00 180 ccw 180 ccw
18..00 180 ocw 180 ocw
20. .00 180 ocw 180 ocw
22..00 180 ccw 180 ccw
00.00 180 ocw 180 ccw
02.00 180 ccw 180 ccw
04.00 180 ocw 180 ccw
06.00 180 ccw 180 ccw

In Table 2 above, it can be seen that the egg rack rotates automatically every 2 hours during the egg hatching
process. The egg rack rotates 180 o clockwise (cw) clockwise and the next 2 hours the rack rotates another 180 o
clockwise as well. The egg rack test aims to prevent the developing embryo from sticking to the shell.
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Egg Incubator System Test Results

The egg hatching system testing aims to compare the thermometer results and DHT11 sensor values. Temperature
and humidity data collection is carried out once an hour during the egg hatching process. Table 3 is a comparison of the
data results between the thermometer and the DHT11 sensor below.

Table 3. Results of Egg Incubator System Testing

No Time Temperature ~ Humidity Fan Light
) (O'clock) (°C) (%) ( ON/OFF) ( ON/OFF)
1 08.00 37.8 59 OFF ON
2 09.00 38 61 ON ON
3 10.00 37.9 62 OFF ON
4 11.00 38 61 ON ON
5 12.00 37.9 57 OFF ON
6 13.00 38 58 ON ON
7 14.00 37.9 57 OFF ON
8 15.00 38 57 ON ON
9 16.00 38 57 ON ON
10 17.00 37.8 55 OFF ON
11 18.00 38 59 ON ON
12 19.00 37.8 58 OFF ON
13 20.00 37.9 59 OFF ON
14 21.00 37.9 58 OFF ON
15 22.00 37.8 63 OFF ON
16 23.00 37.7 64 OFF ON
17 00.00 37.7 60 OFF ON

From Table 3, there is a fan that is always on/off , where the fan is on 6 times while the fan is off 11 times, which
indicates that the temperature inside the egg incubator box is too humid and not hot enough. The lack of hot
temperature in the box is one of the factors that causes the egg embryo to not be able to develop and can cause death to
the embryo.

Egg Hatch Results

The results of hatching of native chicken eggs carried out in the egg incubator testing are the benchmark results for
whether the designed egg incubator system is good or not. The egg hatching design is carried out in one hatching
process. Table 4 is the result of the egg hatching test.

Table 4. Egg Incubator Result

Amount Egg Egg No Condition Egg
Egg Hatch Hatch Normal Abnormal Dead
35 32 3 32 0 3

In the table above, we can see the results of eggs that hatched and became normal living chicks as many as 32
chickens and eggs that died embryos as many as 3 out of 35 eggs used as experimental materials. Eggs that did not hatch
in this test were because they could not break the egg shell and some of the embryos died.

There are limitations to this tool that can be used for future development, namely that this incubator is not yet
equipped to store temperature and humidity data accurately and in real time.

Conclusions

The results show that the objectives have been successfully achieved. The design of an automatic egg incubator based on
the ESP32 microcontroller using SketchUp software has been successfully realized and can hatch eggs in large quantities
and work automatically which can be monitored via smartphone. The ESP32 microcontroller-based egg incubator has
been tested for performance with results that can be monitored via smartphone, the percentage of success obtained
reached 91% with 9% failure using 35 free-range chicken eggs. This incubator requires 19.696 kWh of power in one
hatching with an operational cost of Rp26,626.-.
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