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Abstract — This research paper explores the
application of 10T technology in refrigerators using
the thermoelectric Peltier method for cooling, focusing
on their potential to cooling technology and improve
energy efficiency. By integrating thermoelectric
modules, temperature sensors, and 10T connectivity,
these refrigerators offer precise temperature control,
remote monitoring, and smart management features.
The paper discusses the implementation and system
architecture of an loT-enabled thermoelectric Peltier
refrigerator, highlighting the role of components such
as thermoelectric modules, microcontrollers, and
temperature sensors. The working mechanism of the
refrigerator is explained, emphasizing the interaction
between the components and the benefits of loT
connectivity. The paper concludes by discussing the
future scope of research, including advancements in
energy efficiency, intelligent control and optimization,
and integration with smart home ecosystems. The
research conducted in this field aims to revolutionize
cooling technology, providing energy-efficient and
sustainable solutions for food preservation and other
applications.
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I. INTRODUCTION

loT-Enabled Refrigerator: Advancing Cooling
Technology by Thermoelectric Refrigeration
Method. The Internet of Things (loT) has
revolutionized various industries by connecting
devices and enabling intelligent control and
monitoring. In the realm of refrigeration
technology, 10T has paved the way for innovative
solutions that enhance temperature control and
management. This research paper focuses on the
application of loT technology in thermoelectric
Peltier refrigerators, exploring their potential to
advance cooling technology and improve energy
efficiency.

An loT-enabled refrigerator refers to a connected
appliance that leverages loT technology to offer
enhanced functionality, efficiency, and convenience in

IJIRT 160895

preserving food. By incorporating a network of
sensors, actuators, and connectivity features, these
intelligent refrigerators can collect and analyse data,
communicate with other devices and platforms, and
provide valuable insights to users. The objective of
this research paper is to explore the concept and
implementation of loT-enabled refrigerators and
investigate their potential to transform food
preservation practices. The paper aims to provide a
comprehensive understanding of the integration of 10T
technology in refrigeration systems, the enhanced
efficiency in food preservation, the smart management
features offered by these appliances, as well as the
benefits, challenges, and future prospects associated
with loT-enabled refrigerators.

Refrigerators have long been a staple in households
worldwide, providing a means to store and preserve
perishable food items. However, traditional
refrigerators often lack advanced capabilities to
optimize energy consumption, maintain optimal
storage conditions, and manage inventory effectively.
With the integration of loT technology, these
limitations can be overcome, leading to a paradigm
shift in the way we approach food preservation.

As the technology rise there are various method found
for cooling or refrigeration purpose. As the
advancement achieve in 1oT and embedded system,
they make easy to intelligent control and monitoring
of things, as the result is energy efficiency and
efficient cooling. This progress in advancement in
technology is still rising so we will see more efficient
refrigerators in the future.

Il. IMPLEMENTATION & SYSTEM
ARCHITECTURE

In loT-enabled refrigerator systems, we use
electronic devices like Thermoelectric Peltier, Node
MCU ESP 8266 Temperature sensor DHT11, and
for power supply, we use SMPS for fabrication of
our system and Arduino IDE Software platforms for
coding.
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A. Hardware

a) Thermo-electric  Peltier: One of the core

components of our refrigeration  system.
Thermoelectric Peltier refers to a solid-state cooling
technology based on the Peltier effect. It utilizes the
thermoelectric properties of specific semiconductor
materials to achieve temperature regulation. When
an electric current passes through these materials, a
temperature gradient is generated, resulting in heat
absorption on one side and heat dissipation on the
other.

This allows for efficient cooling without the need
for traditional refrigerants or compressors that’s
why it is the core component of our system. It is
implemented on the base place of the refrigerator
for cooling and water type condenser is used on hot
side of the Peltier for quick cooling resulting in
better cooling inside the refrigerator box. It makes
the system more efficient and requires less
electricity for energy-efficient operation.

b) Microcontroller ESP-8266: This is also the main

component of the system which makes it 10T-
enabled. It is NodeMCU ESP 8266, a powerful
microcontroller board based on the ESP 8266
system-on-chip (SoC). It combines the capabilities
of Wi-Fi and Bluetooth connectivity with a dual-
core processor, making it suitable for loT
applications. The NodeMCU ESP 8266 offers a
wide range of GPIO pins, analog-to-digital
converters (ADC), and various communication
interfaces.

It can be programmed using the Arduino IDE or the
Lua-based NodeMCU  firmware, providing
flexibility for developers. With its compact size and
comprehensive features, the NodeMCU ESP 8266
serves as an efficient and versatile platform for
prototyping and deploying loT projects. It interfaces
with a temperature sensor and controller, the
temperature sensor senses temperature and send
data to the microcontroller if it reaches to preset
value it disconnects the supply to the Peltier and
thus it manages temperature at a precise level.

c) Temperature sensor: Here we use the DHT11

temperature sensor in our system, it is a widely used
digital temperature and humidity sensor. The
DHT11 sensor communicates using a single-wire
digital interface, making it easy to interface with
microcontrollers and loT platforms for real-time
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data acquisition and analysis.

B. Software

a) Arduino IDE: The Arduino IDE
(Integrated Development Environment) is a
software platform used for programming Arduino
microcontrollers. It provides a user-friendly
interface for writing, compiling, and uploading code
to Arduino boards. The IDE includes a code editor,
compiler, and serial monitor, making it easy to
develop and test Arduino projects. It also supports
programming on other microcontroller boards like
Node MCU etc. so it is good for those who are
familiar with coding on Arduino IDE.

. WORKING

In loT-enabled refrigerators, there are several types of
methods available for cooling, for compact and precise
temperature control we use the thermoelectric
refrigeration method. This involves the integration of
thermoelectric modules, temperature sensors, control
systems, water cooling system, and loT connectivity.
This combination enables precise temperature control,
remote monitoring, and smart management features.
The following sections provide a detailed explanation
of each component's role in the overall operation of the
refrigerator.
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Fig 1. Block diagram of interfacing device
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Fig 2. Picture of refrigerator
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a) Control System: The control system we have uses

an ESP8266 microcontroller which acts as the brain
of the loT-enabled thermoelectric Peltier
refrigerator. It receives temperature data from the
sensors and processes it to determine the
appropriate cooling level required. The control
system uses this information to regulate the power
supplied to the thermoelectric modules, adjusting
the cooling capacity as needed by the user.

b) Thermoelectric Modules: Thermoelectric modules

are the heart of a thermoelectric Peltier refrigerator.
These modules consist of multiple pairs of n-type
and p-type semiconductor materials. When an
electric current is passed through the modules, the
Peltier effect occurs. The Peltier effect leads to the
transfer of heat from one side of the module to the
other, creating a temperature gradient.

TEC 12706
Peltier Module

Inner cooling
system

Heat Sink

Figure 3. Inner cooling chamber

The thermoelectric modules are placed in contact
with the cooling compartment, where heat is
absorbed from the interior and transferred to the
external side of the module. By controlling the
electric current passing through the modules, the
temperature inside the cooling compartment can be
regulated. As shown in Figure 2 we have placed two
thermoelectric Peltier of rating 12 V 6A each in
parallel combination.

c) Temperature Sensors: Temperature sensors play a

crucial role in an loT-enabled thermoelectric Peltier
refrigerator. These sensors are strategically placed
inside the cooling compartment to continuously
monitor the temperature. They provide real-time
feedback to the control system, ensuring accurate
temperature control. With the help of a temperature
sensor, we can observe the change in temperature with
respect to time as the graph is shown below.
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Fig 4. Time v/s Temperature graph

And also temperature sensors detect any variations in
the temperature and send the information to the control
system. This allows the control system to adjust the
power supply to the thermoelectric modules
accordingly, maintaining the desired temperature
inside the refrigerator.

d) loT-Connectivity: The integration of 10T technology

enables connectivity and remote monitoring and
control capabilities in the thermoelectric Peltier
refrigerator. 10T connectivity allows the refrigerator to
be connected to the internet or a local network,
enabling communication with other devices, such as
smartphones, tablets, or home automation systems.

In this setup, we have created an HTML webpage that
will display live temperature and humidity to the
devices which are connected to the local area network.
Users can remotely monitor the temperature inside the
refrigerator, receive notifications or alerts, and adjust
the temperature settings. They can also access
advanced features such as energy consumption
tracking, predictive maintenance, and data analytics to
optimize cooling performance.
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Fig 5. Live monitoring of refrigerator temperature
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e) Cooling system: In this refrigerator system we have

divided cooling systems into two parts. First which
cools the inner compartment i.e. inner cooling
chamber as shown in Figure 3 which cools the cooling
chamber and Second which extracts heat from the
inner cooling system (cools down the hot side of
Peltier) as shown in Figure 6. A submersible pump is
used for circulating water from the second system to
the first system and first to second in a closed cycle.

Outer Water

Tank Condenser  Water Pump

Figure 6. Outer cooling chamber

In summary, the working mechanism of an loT-
enabled thermoelectric Peltier refrigerator involves the
interaction of thermoelectric modules, temperature
sensors, control systems, and 10T connectivity. This
integration enables precise temperature control,
remote  monitoring, and smart management
capabilities, leading to energy-efficient and intelligent
cooling solutions.

V. CONCLUSION & FUTURE SCOPE

In this research paper, we have explored the concept
of loT-enabled thermoelectric Peltier refrigerators
and their potential in advancing cooling technology
for smart food preservation. We have discussed the
integration of 10T technology with thermoelectric
Peltier refrigerators, the benefits they offer, and the
challenges associated with this combination.

The integration of loT technology with
thermoelectric Peltier refrigerators brings numerous
advantages to the field of cooling technology. These
refrigerators provide energy-efficient and precise
temperature control, making them suitable for a
range of applications, including household
refrigeration,  pharmaceutical  storage, and
transportation of temperature-sensitive goods.
Additionally, the compact size, silent operation, and
solid-state  nature of thermoelectric  Peltier
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refrigerators make them attractive alternatives to
traditional compressor-based units.
While loT-enabled  thermoelectric  Peltier
refrigerators have shown promise, there are several
avenues for future research and development in this
field:
1. Advanced Energy Efficiency: Future research
should focus on enhancing the energy efficiency of
thermoelectric Peltier refrigerators. This could
involve exploring new materials with higher
thermoelectric conversion efficiency, optimizing
the heat transfer mechanisms, and integrating
renewable energy sources to power refrigeration
systems.
2. Intelligent Control and Optimization: Further
advancements can be made in developing intelligent
algorithms and control strategies for loT-enabled
refrigerators. This includes adaptive temperature
control algorithms, predictive maintenance models,
and optimization techniques to minimize energy
consumption while ensuring optimal cooling
performance.
3. Integration with Smart Home Ecosystems: Future
research should explore the seamless integration of
loT-enabled refrigerators with smart home
ecosystems. This would allow users to leverage the
capabilities of virtual assistants, home automation
systems, and smart grids to enhance the overall user
experience and achieve more efficient energy
management.
In conclusion, loT-enabled thermoelectric Peltier
refrigerators offer a promising approach to
advancing cooling technology for smart food
preservation. They combine the benefits of loT
connectivity with the advantages of thermoelectric
cooling, enabling energy-efficient operation,
precise temperature control, and smart management
features. The future of research in this area lies in
improving energy efficiency, optimizing control
strategies, integrating with smart home ecosystems,
enhancing data security, and assessing the
environmental impact. Continued exploration and
innovation in these areas will pave the way for more
efficient and sustainable cooling solutions in the
future.

REFERENCES

[1] James M. Calm,” Emissions and environmental
impacts from air-conditioning and refrigeration

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 1529



© June 2023| IJIRT | Volume 10 Issue 1 | ISSN: 2349-6002

systems”, Engineering Consultant, 10887
Woodleaf Lane, Great Falls, VA 22066-3003
USA.

[2] A.V. Kondrashov, A.A. Trinchenko,” Reducing
of the Environment Thermal Pollution by
Introducing Energy Efficient Technologies in
Engineering  Systems”, Peter the Great
St.Petersburg Polytechnic University
St.Petersburg, Russia.

[3] Wang Zhongmin, School of Mechanical
Engineering Tianjin University of Technology
and Education Tianjin, China, Yu Yanan, School
of Information Technology Engineering Tianjin
University of Technology and Education Tianjin,
Chin, “Design of an Interactive Smart
Refrigerator Based on Embedded System”.

[4] Shuwang Chen, Jun Zuo and Dan Xie,” Design of
solar power semiconductor refrigerator”, Institute
of Information Science and Engineering HeBei
University of Science and Technology
Shijiazhuang, Hebei Province, China.

[5] Jacob Tsado, Mohammed K. Mahmood,
Abdullatif G. Raji, Abraham U. Usman and
Immanuel N. Jiya, “Solar Powered DC
Refrigerator with a Monitoring and Control
System”, Department of Electrical and
Electronics Engineering Federal University of
Technology, Minna.

[6] Arjun Kumar G B, Assistant Professor
Department of E & EE, SVCE Bengaluru,
Pruthviraj B G,Assistant Professor Department of
E & EE, SVCE Bengaluru, Chethan Kumar Y K,
Student Department of E & EE, SVCE Bengaluru,
Rashmi P, Student Department of E & EE, SVCE
Bengaluru, “Design and Implementation of
Peltier Based Solar Powered Portable
Refrigeration Unit”.

[7] Gastelo-Roque, J. A., & Morales-Acevedo, A.
(2017). Design of a photovoltaic system using
thermoelectric  Peltier cooling for vaccines
refrigeration. 2017 IEEE MIT Undergraduate
Research Technology Conference (URTC).
doi:10.1109/urtc.2017.8284211.

[8] Guo Chongyang, Zhang rui, Qin Xiaodi, Dong
wei, and Zhang Xiaolin,” Design and study on the
wind-solar complementary power system for
household use”.

IJIRT 160895 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 1530



