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Abstract—This paper presents an ESP32-based climate
control system designed to regulate temperature,
humidity, and light for climate-sensitive environments.
Leveraging the ESP32’s processing power and
integration with the Blynk app, the system allows real-
time monitoring and control through IoT. By using
various sensors, the system maintains optimal climate
conditions efficiently, with experimental results
showing high accuracy and low power consumption.
This scalable, costeffective approach demonstrates the
ESP32’s potential in automated climate control, with
future enhancements planned for predictive
management and advanced data analytics.
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[. INTRODUCTION

Climate control is crucial in various fields, including
agriculture, industrial processing, laboratories, and
indoor environments, where precise management of
temperature and humidity is required to maintain
optimal conditions. Traditional climate control
systems are often complex, costly, and difficult to
integrate with modern IoT platforms. With the rise of
affordable, high-performance microcontrollers, like
the ESP32, it has become feasible to design efficient,
low-cost solutions for climate management that can
be controlled and monitored remotely.

This paper presents the development of a climate
control system using the ESP32 microcontroller,
which is well-suited for Internet of Things (IoT)
applications due to its built-in Wi-Fi and Bluetooth
capabilities, low power consumption, and ease of
programming. By integrating the ESP32 with the
Blynk app, users can monitor and adjust climate
parameters in real time from a mobile device,
enhancing the convenience and accessibility of
climate management.

The proposed system uses sensors to monitor
temperature and humidity levels, and actuates a

heater and humidifier via a relay module based on
preset thresholds. The integration of an OLED
display allows for immediate, on-site feedback on
climate parameters, while push buttons provide
manual control options for key functions. This setup
offers a scalable, adaptable solution for environments
where continuous climate control is essential.

The following sections of this paper will cover the
system’s design, implementation, and testing results.
Our findings demonstrate that the ESP32-based
climate control system is both efficient and reliable,
with  potential applications in  various
climatesensitive settings. Future work aims to
enhance the system with predictive algorithms and
more advanced data analysis capabilities to further

improve its responsiveness and adaptability.

II. LITERATURE SURVEY

Climate control systems are crucial in various fields,
including agriculture and industrial processing,
where maintaining precise environmental conditions
can enhance productivity and efficiency. Traditional
climate control solutions are often complex and
costly, making them challenging to implement in
smaller-scale or remote settings. Recent advances in
IoT technology have introduced new possibilities,
with microcontrollers like the ESP32 offering
lowcost, flexible options for real-time monitoring and
control.

The ESP32 microcontroller, with built-in Wi-Fi and

Bluetooth, has gained attention for [oT applications

due to its reliability and cost-effectiveness. Research
by Kumar et al. (2021) demonstrated an ESP32-based
system for greenhouse monitoring, which effectively
controlled temperature and humidity to improve crop
health. Patel and Sharma (2020) further explored
integrating ESP32 with the Blynk app, enabling
remote climate management via mobile devices.
These studies underscore the potential of ESP32 for
efficient, scalable, and accessible climate control,
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particularly in settings where real-time adjustments
are crucial.

However, limitations remain in achieving high
accuracy and predictive management with
microcontroller-based systems. Processing power
constraints on the ESP32, for example, can limit
complex data analysis capabilities. Building on
previous research, this project seeks to develop an
ESP32-based climate control system with DHT11
sensors, an OLED display, and relay-controlled
actuators, managed via the Blynk app. This study
aims to enhance existing models by providing a
reliable, power-efficient, and adaptable solution for
climate-sensitive environments.

III. METHODOLOGY

This climate control system is built around the ESP32
microcontroller, which functions as the central
processor for data collection, monitoring, and
control. The system includes a DHT11 sensor to
gather realtime temperature and humidity data,
essential for maintaining the desired environmental
conditions. An OLED display is connected to the
ESP32 to show live temperature and humidity
readings, allowing users to monitor conditions on-
site. To regulate climate parameters, a 2-channel
relay module is incorporated, enabling the system to
control a heater and a humidifier based on preset
threshold values.

The ESP32 continuously reads data from the DHT11
sensor. When temperature or humidity levels fall
outside the target range, the microcontroller activates
or deactivates the heater and humidifier via the relay
module to restore optimal conditions. Additionally,
push buttons are included to allow users manual
control over the heater and humidifier as well as the
ability to switch between different operating modes,
such as automatic and manual.

For remote monitoring and control, the ESP32 is
integrated with the Blynk IoT platform. Through the
Blynk app, users can access real-time data, receive
notifications, and control devices from their mobile
devices. This integration allows users to manage the
climate control system remotely, enhancing
convenience and accessibility. The complete system
architecture, including component connections, is
illustrated in the circuit diagram (Figure X). This
setup provides an affordable, scalable, and effective
solution for climate regulation in environments that
require precise control.

IV. IMPLEMENTATION

The implementation of this climate control system
involves setting up the hardware components,
programming the ESP32 microcontroller, and
configuring the Blynk IoT platform for remote
monitoring and control.

Hardware Setup:

The hardware setup begins with connecting the
DHTI11 temperature and humidity sensor to the
ESP32 microcontroller to monitor environmental
conditions. The DHTI11 sensor’s data pin is
connected to a GPIO pin on the ESP32, which reads
the sensor data in real time. An OLED display is then
wired to the ESP32 via the 12C interface, allowing it
to display current temperature and humidity readings
locally.

A 2-channel relay module is integrated with the
ESP32 to control external devices such as a heater
and a humidifier. The relay module is connected to
GPIO pins on the ESP32, enabling the system to
switch these devices on and off as needed.
Additionally, push buttons are connected to the
ESP32 to allow manual control, letting the user turn
on the heater or humidifier or switch between
automatic and manual operation modes.

ESP32 Programming:

The ESP32 is programmed using the Arduino IDE,
which provides libraries for both the DHT11 sensor
and the OLED display. The program initializes the
sensor and display, continuously reads data from the
sensor, and displays it on the OLED screen. The code
also includes logic to compare sensor readings with
predefined threshold values. When temperature or
humidity deviates from the set range, the ESP32
activates the appropriate relay to control the heater or
humidifier.

In addition to environmental control, the code
includes functions for manual operation through push
buttons. A button press toggles between different
modes, allowing users to override automatic settings
when desired.

Integration with Blynk:
For remote monitoring and control, the ESP32

connects to the Blynk IoT platform via Wi-Fi. The
Blynk app is configured to display real-time
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temperature and humidity data from the DHTI11
sensor. Virtual buttons within the Blynk app are set
up to allow users to remotely turn the heater or
humidifier on and off or adjust threshold values for
automatic control. The ESP32 program uses the
Blynk library, enabling it to communicate with the
Blynk app and sync data continuously.

Users can access the Blynk app from any device with
internet access, allowing them to monitor climate
conditions and control the system remotely. This
remote access provides convenience and ensures that
the environment remains within optimal conditions,
even when the user is not on-site.

V. HARDWARE COMPONENTS

A. ESP32 MODULE

The ESP32 is a powerful microcontroller with
integrated Wi-Fi and Bluetooth capabilities, making
it an ideal choice for Internet of Things (IoT) projects.
Developed by Espressif Systems, the ESP32 is
widely popular for applications requiring reliable
wireless connectivity, energy efficiency, and robust
performance.

B. DHT11 SENSOR

The DHT11 sensor is a popular digital sensor for
measuring temperature and humidity. Known for its
affordability and ease of use, it’s widely used in DI'Y
electronics projects, environmental monitoring
systems, and home automation

C. 5V TWO CHANNEL RELAY

A 5V channel relay is an electrically operated switch
used to control high-power devices (like lights, fans,
motors, heaters, etc.) with a low-power control
signal, typically from a microcontroller such as an
Arduino, ESP32, or Raspberry Pi. Relays allow small
electronic circuits to control larger electrical loads,
making them  essential in many

ToT, home automation, and embedded systems

projects.

D. MIST MAKER(HUMIDIFIER)

The mist maker module, or ultrasonic humidifier, is
used in the climate chamber to control and increase
the humidity levels. It’s a crucial component when
specific humidity levels are needed, such as for plant
growth, material testing, or other environmental
simulations.

E.220V100W HALOGEN BULB
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F 0.96"12C OLED DISPLAY

VI. RESULT

The ESP32-based climate control system effectively
maintained temperature and humidity within the
target range during testing, showing prompt
responsiveness to changes in environmental
conditions. When temperature or humidity levels
strayed from preset thresholds, the ESP32 quickly
activated the appropriate relay, controlling the heater
or humidifier to restore optimal conditions. The
DHTI11 sensor provided accurate readings that were
consistent with the values displayed on both the
OLED screen and the Blynk app, ensuring reliable
real-time monitoring.

The integration with the Blynk app enabled seamless
remote access, allowing users to view live data and
adjust settings with minimal delay. This remote
control functionality was further enhanced by timely
notifications from the Blynk app when significant
deviations occurred. The system also demonstrated

energy efficiency, thanks to the ESP32’s low power
consumption and the intermittent operation of the
heater and humidifier. Overall, the results indicate
that this system is reliable, efficient, and suitable for
climate-sensitive applications across various fields,
such as agriculture and industrial environments.

VII. CONCLUSION

This project successfully developed a low-cost,
efficient climate control system using the ESP32
microcontroller, designed for applications requiring
precise temperature and humidity management. By
integrating a DHT11 sensor, an OLED display, and a
relay-controlled heater and humidifier, the system
maintains environmental conditions effectively and
accurately. The incorporation of the Blynk IoT
platform allows users to remotely monitor and
control the system, enhancing accessibility and
convenience, especially in remote or off-site
scenarios.

Testing  demonstrated the system’s  quick
responsiveness and reliability, with consistent sensor
accuracy and seamless remote control via the Blynk
app. Additionally, the ESP32's low power
consumption and the relay-based operation of
climate-control devices contribute to the system’s
energy efficiency, making it suitable for prolonged

use.

Overall, this project highlights the potential of
IoTbased climate control systems in diverse fields,
such as agriculture, laboratories, and industrial
settings. Future enhancements could include
integrating predictive algorithms and more advanced
sensors to further improve accuracy and adaptability,
advancing this system as a versatile tool for climate-
sensitive environments.
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