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ABSTRACT

The proper storage and transportation of temperature-sensitive medicines such as vaccines, insulin, and certain
injections is critical to ensure their effectiveness. Conventional refrigerators are not suitable for portable and
emergency applications due to their large size, high power consumption, and dependency on continuous AC
supply. This project focuses on the design and development of a portable refrigerator for medicine storage using
thermoelectric cooling technology based on the Peltier effect. The system consists of a Peltier module, insulated
storage chamber, temperature sensor, controller unit, heat sink, cooling fan, and DC power supply. The
temperature inside the chamber is continuously monitored and controlled to maintain the required range of 2°C
to 8°C, which is suitable for medical applications. The refrigerator operates on low DC power, making it
compatible with batteries and alternative energy sources such as solar power. Experimental testing shows that
the developed prototype is capable of maintaining a stable temperature under different operating conditions.

Keywords: Portable refrigerator, Medical cold storage, Medicine preservation, Thermoelectric cooling, Peltier
module, Temperature control system,

INTRODUCTION

Proper storage of medicines is very important to maintain their quality, safety, and effectiveness. Many medicines such
as vaccines, insulin, and certain injections are highly sensitive to temperature and must be stored within a specific
temperature range of 2°C to 8°C. If these medicines are exposed to higher or lower temperatures, their effectiveness
may reduce and they may become unsafe for use.

In conventional healthcare systems, compressor-based refrigerators are commonly used for medicine storage. However,
these refrigerators are bulky, consume high power, and require a continuous AC power supply. Due to these
limitations, they are not suitable for portable applications, emergency medical services, rural healthcare centers, and
medical camps.

To overcome these problems, this project proposes a portable refrigerator for medicine storage using thermoelectric
cooling technology. The system is based on the Peltier effect, which produces a cooling effect when DC current flows
through a thermoelectric module. This technology allows compact design, silent operation, and low maintenance.The
developed portable refrigerator is lightweight, battery-operated, and easy to carry. It continuously monitors and
controls the internal temperature using a temperature sensor and controller to maintain the required temperature range.
This makes the system suitable for safe transportation and short-term storage of temperature-sensitive medicines in
remote and emergency conditions.

LITERATURE REVIEW

Portable refrigeration systems have been widely studied to provide cooling solutions in areas where conventional
refrigerators are not practical. Researchers have explored thermoelectric cooling using Peltier modules as an effective
method for portable applications due to their compact size, silent operation, and absence of refrigerants.

Several studies highlight the use of battery-operated refrigeration systems for vehicles, medical transport, and outdoor
use. Microcontroller-based control systems are commonly implemented to monitor temperature and automatically
control cooling, improving energy efficiency. Digital temperature sensors such as DS18B20 are preferred for accurate
and reliable temperature measurement.

Literature also emphasizes the importance of battery voltage monitoring to protect the power source from deep
discharge and ensure system reliability. Overall, existing research supports the development of low-cost, portable, and
energy-efficient thermoelectric refrigerator systems.
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Applied and experimental research design. The main objective of this project is to design and implement a portable
cooling system capable of maintaining medicines within the recommended temperature range of 2°C to 8°C. This
research focuses on solving real world problems related to the safe storage and transportation of temperature-sensitive
medicines, especially in rural areas, emergency situations, and during medical transport.

Initially, a detailed study was conducted on medical storage requirements, temperature standards for medicines, and

existing portable refrigeration technologies.

Based on this study, system requirements were defined, including

temperature control accuracy, power efficiency, portability, and safety. The system architecture was then designed by
integrating hardware components such as a microcontroller, temperature sensor, thermoelectric cooling module, power

supply, and insulated storage chamber.
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The core of the system is the microcontroller, which continuously monitors the internal temperature of the storage
chamber using a temperature sensor. The sensed temperature is compared with predefined minimum and maximum
threshold values stored in the microcontroller program. When the temperature exceeds the upper limit, the
microcontroller activates the thermoelectric Peltier module along with the cooling fan to reduce the temperature. When
the temperature drops below the lower limit, the cooling system is automatically turned off to prevent overcooling. This
closed-loop control mechanism ensures stable temperature regulation inside the refrigerator.

The control logic is implemented using an embedded algorithm programmed in the microcontroller. The algorithm
follows a continuous monitoring and decision-making process where temperature data is read, analyzed, and used to
control the cooling module in real time. The current temperature is displayed on an LCD or OLED screen for user
monitoring. An alert system, such as a buzzer, is incorporated to notify the user if the temperature goes beyond the safe
range, ensuring the safety of stored medicines.

Various hardware and software tools are used during the development of the project. Hardware components include a
microcontroller (such as Arduino or ESP32), a thermoelectric Peltier module, temperature sensors, cooling fans,
rechargeable batteries, and an insulated enclosure. Software tools such as the Arduino IDE are used for coding and
debugging, while simulation tools like Proteus or Fritzing assist in circuit design and validation before hardware
implementation.

After system integration, extensive testing and validation are carried out to evaluate the performance of the portable
refrigerator. This includes testing temperature stability, battery backup duration, cooling efficiency, and alert accuracy.
The system is also tested under different environmental conditions to ensure reliability and portability. The results
obtained confirm that the designed system can effectively maintain the required temperature range for medical storage
while consuming minimal power.

Thus, the proposed methodology successfully combines embedded systems, sensor technology, and thermoelectric
cooling to develop a compact, portable, and efficient refrigerator for medicine storage.

RESULTS AND DISCUSSION

1. The developed portable refrigerator successfully maintained the required temperature range of 2°C to 8°C, suitable
for medicine storage.

. The thermoelectric (Peltier) cooling system operated effectively and provided stable cooling performance.

. Automatic temperature control ensured safe storage by switching the cooling system ON and OFF as required.

. Proper heat dissipation using a heat sink and cooling fan improved overall efficiency.

. The system consumed low DC power and worked reliably with a battery supply.

. Silent and vibration-free operation was achieved due to the absence of a compressor.

. The compact and lightweight desigh made the refrigerator easy to carry and transport.

. The system performed reliably under different ambient temperature conditions during testing.

. The project proves that thermoelectric cooling is suitable for portable medical refrigeration applications.

10. The portable refrigerator is a cost-effective, eco-friendly, and practical solution for storing and transporting
temperature-sensitive medicines in rural areas, ambulances, medical camps, and emergency situations.
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CONCLUSION

The portable refrigerator for medicine developed in this project successfully provides a reliable solution for storing and
transporting temperature-sensitive medicines. The system uses thermoelectric cooling based on the Peltier effect and is
capable of maintaining the required temperature range of 2°C to 8°C. Continuous temperature monitoring and
automatic control ensure safe storage conditions.

The refrigerator operates on low DC power, making it suitable for battery operation and portable use. Its compact size,
lightweight design, silent operation, and eco friendly nature make it more suitable than conventional refrigerators for
emergency and rural healthcare applications.

Overall, the project meets its objectives and demonstrates that thermoelectric cooling technology can be effectively
used for portable medical refrigeration. With further improvements, the system can be enhanced for wider medical and
commercial applications.

Acknowledgment

I would like to express my sincere gratitude to my project guide for their valuable guidance, continuous support, and
encouragement throughout the completion of this project. Their suggestions and technical inputs helped me to
understand the subject clearly and successfully complete the project work.

| am thankful to the Head of the Department and all the faculty members of the Electrical Engineering Department for
providing the necessary facilities and support during the project period.

I also express my sincere thanks to my friends and classmates for their cooperation and help during the project work.
Finally, 1 would like to thank my parents for their constant motivation and support, which helped me to complete this
project successfully.

REFERENCES
1. D. M. Rowe, Thermoelectrics Handbook: Macro to Nano, CRC Press, Boca Raton, FL, USA, 2006.
2. R. S. Khurmi and J. K. Gupta, A Textbook of Refrigeration and Air Conditioning, S. Chand & Company Ltd.,

New Delhi, India, 2018.

3. TEC Microsystems, “Thermoelectric Cooling Principles,” Technical Application Note, 2020.

4. A. Kumar and S. Verma, “Design and Development of Portable Thermoelectric Refrigerator,” International
Journal of Engineering Research and Technology (IJERT), vol. 9, no. 4, pp. 512-516, 2020.

5. World Health Organization (WHO), Temperature Sensitivity of Vaccines, WHO Press, Geneva, Switzerland,
20109.

6. Arduino, “Arduino Uno Technical Specifications,” Arduino Documentation, 2021. [7] S. P. Sukhatme and A.
Nayak, Principles of Heat Transfer, 6th ed., Universities Press, Hyderabad, India, 2017.

Page | 378



