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Abstract— The increase in demand for refrigeration globally 

in the field of air-conditioning, food preservation, medical 

services, vaccine storages, and for electronic components 

temperature control led to the production of more electricity 

and consequently an increase in the CO2 concentration in the 

atmosphere which in turn leads to global warming and many 

climatic changes. Thermoelectric refrigeration is a new 

alternative because it can reduce the use of electricity to 

produce cooling effect and also meet today’s energy 

challenges. Therefore, the need for thermoelectric 

refrigeration in developing countries is very high where long 

life and low maintenance are needed. The primary objective 

of this portable solar thermoelectric refrigerator cum cooler is 

to provide a comparatively low cost alternative to existing 

cooling systems. Refrigerators in the confines of our homes 

are too traditional, besides a portable refrigerator with a cooler 

which runs on solar energy as an alternative is a better choice. 

As a developing civilization, we have been consuming large 

amounts of energy for our survival and the non-renewable 

sources of energy are depleting.  Solar energy is widely 

available as compared to other renewable energy sources. The 

system will utilize solar energy, where supply of conventional 

electricity is not dependable. Comparison has been made 

based of existing systems and feasibility. The system works 

on Peltier effect. Thermoelectric Modules are incorporated for 

space cooling application. The cold side of the thermoelectric 

modules is utilized for space cooling, and the heat generated 

in the thermoelectric modules is removed using heat sinks and 

an arrangement of fans. The coefficient of performance of the 

system is a criterion for evaluating the performance of the 

cooling system. An effort has been made to enhance the COP 

using a combination of solar cells and thermoelectric modules. 

The system is compact, which makes it portable and it can be 

customized and fabricated to meet different user’s 

requirements. The problem with traditional refrigerators have 

been, high consumption of electricity, negative impacts on the 

environment, all these problems have been addressed by the 

thermoelectric cooler. It does not make use of refrigerants thus 

ensuring a green and eco- friendly technology for space 

cooling applications. The absence of Compressor leads to 

noiseless operation and lowered maintenance cost. It is an 

energy efficient initiative, consuming less power. For 

generations rural India does not have a dependable supply of 

electricity. Being highly reliable alternative it is intended for 

use in these places. 
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I. INTRODUCTION 

Refrigeration can be defined as the process of extracting heat 

from a substance using a heat exchanger. Space cooling is the 

same phenomenon as refrigeration, though heat is extracted 

from a defined space, to ensure that the temperature in the 

space is maintained lower than the surroundings. Traditional 

refrigeration and space cooling techniques have made use of 

the Refrigerator, Air Cooler or Air- Conditioner. The major 

components of a traditional refrigeration system are 

compressor, condenser, evaporator and throttle valve. Major 

drawback of these systems is that they consume large amount 

of electricity, are expensive and not feasible for use where 

electricity is not dependable. This has led to consideration of 

alternatives to space cooling and refrigeration. There is a 

huge market and demand for thermoelectric cooling, except 

for a few drawbacks which can be easily overcome with 

serious consideration. A thermoelectric module belongs to 

the family of semiconductors that acts as a heat pump. It 

works on Peltier effect to produce the required output. Peltier 

cooler performance is a function of atmospheric temperature, 

hot side of heat sink performance and cold side of heat sink 

performance, thermal load and electrical parameters of 

Peltier. 

The concept of solar energy usage came to light after 

the growing energy crises in our planet. The need for 

sustainable fuels is higher than never before. Also cleaner and 

greener alternatives are encouraged to make up for the 

damage created by conventional fuels so far. The portability 

of this system helps in easy transportation. The use of solar 

energy as a source is a boon to a large number of people from 

economically backward sections. The COP and correct 

analysis of TEC application can be carried out using 

performance plot. 

Thermoelectric cooling uses the Peltier effect to 

create a heat flux between the junctions of two different types 

of materials. This effect is commonly used in camping and 

portable coolers and for cooling electronic components and 

small instruments. Applying a DC voltage difference across 

the thermoelectric module, an electric current will pass 

through the module and heat will be absorbed from one side 

and released at the opposite side. One module face, therefore, 

will be cooled while the opposite face simultaneously is 

heated. On the other hand maintaining a temperature 

difference between the two junctions of the module, a voltage 

difference will be generated across the module and an 

electrical power is delivered 

II. BASIC PRINCIPLES OF THERMOELECTRIC MODULES 

A. Peltier Effect 

In 1834, a French watchmaker and part time physicist, Jean 

Peltier found that an electrical current would produce a 

temperature gradient at the junction of two dissimilar metals. 

The Peltier effect is the main contributor to all 

thermoelectric cooling applications. It is responsible for heat 

removal and heat absorbance. It states that when an electric 

current flows across two dissimilar conductors, the junction 

of the conductors will either absorb or emit heat depending 

on the flow of the electric current. The heat absorbed or 
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released at the junction is proportional to the input electric 

current. The constant of proportionality is called the Peltier 

coefficient. 

 
Fig. 1:  Peltier Effect. 

III. EXPERIMENTAL SET UP AND TEST PROCEDURE 

In this proposed work, the main aim is to develop a 

refrigeration system with a capacity of 3L of cooling 

chamber. It is necessary to design a system capable of 

maintaining the temperature of the materials between 100C to 

150C for a long duration. Moreover the system is meant for 

outdoor use which makes better insulation and radiation 

control mandatory. In order to meet worse scenario, even 

though the system is to designed for maintaining a fixed 

chamber temperature throughout the operational period, the 

design should be such that it can adaptable for refrigerating 

the chamber from ambient temperature to the required 

temperature. 

A. Materials used in Refrigeration System 

In this proposed work, to develop a refrigeration system we 

used some materials, which are as follows: 

B. Cabinet 

With the constraints imposed by the objectives a double 

walled rectangular box with an insulation sandwiched 

between the walls is selected and having the following 

dimensions  

 Top and bottom panel dimensions = 14.4*14.4 cm  

 Vertical side panel dimension = 14.4*14.4 cm  

 Front and back panel dimensions =14.4*14.4 cm 

C. Insulation Material 

Mild steel sheets with thermal conductivity of 52W/mK were 

used as outer wall. Expanded polystyrene (EPS) slabs with 

5cm thickness having a density of 30kg/m3 and thermal 

conductivity of 0.033W/mK were used to give the required 

thermal insulation 

D. Thermoelectric Cooling Modules 

 
Fig. 2: Assembly of cabinet and TEC 

The thermoelectric module consists of thermocouple formed 

by pairs of P-type and N-type semi-conductor thermo element 

which are electrically connected in series configuration and 

thermally connected in parallel configuration. Due to their 

solid state construction the modules are considered to be 

highly reliable. For most application they will provide long, 

trouble free service. For cooling application, an electrical 

current supply is given to the module, heat is transferred from 

one side to the other, and the result is that the module will 

become cooler at one side and hotter at the other side.  

The Figure 1 shows the working of thermoelectric 

module. When a DC voltage is applied to the TE module, the 

positive and negative charge carriers in the pellet assemblage 

absorb heat energy from one of the surface and reject it to the 

other at the opposite side. The surface area where heat energy 

is absorbed gets cooler; the opposite surface where heat 

energy is released gets hotter. Reversing the polarity will 

result in reversed hot and cold sides 

IV. DESIGN WORK MODULE 

We designed and developed an experimental thermoelectric 

refrigerator (Figure 3) with refrigeration space of 3Liter 

capacity. Eight numbers of Super cool make thermoelectric 

cooling modules (Imax=4.7A, Vmax= 12V) (Figure 3) were 

selected on the basis of active heat and passive heat removal 

from thermoelectric refrigeration cabinet 

 
Fig. 3: Block diagram of Solar PV drive thermoelectric 

refrigerator system. Active heat load is the heat dissipated 

by the mass being cooled and calculated by using equation 

(1). The passive heat load is the heat loss due to convection 

& conduction of enclosed thermoelectric cabinet and 

calculated by using equation (2). 

Qactive =
𝑚𝐶𝑝△𝑇

𝑑𝑡
                        (1) 

Qpassive =
𝐴∆𝑇

{
𝑋

𝑘
+

1

ℎ
}
                         (2) 

Cold side of TEM mounted on refrigeration cabinet 

and hot side of module was fixed with heat sink. A black 

anodized heat sink fan assembly with thermal resistance of 

0.50oC/W has been used for each module to enhance the heat 

removal rate. The heat sink has been selected on the basis of 

experimentally evaluated thermal resistance. The thermal 

resistance has been calculated as. 

𝑅ℎ =
𝑇ℎ − 𝑇𝑎

𝑄ℎ

 

𝑄ℎ = 𝑄𝑎 + 𝑄𝑝 + 𝑄𝑇𝐸𝑀 

V. EXPERIMENTAL AND PERFORMANCE ANALYSIS 

An experimental and performance analysis on fabricated 

thermo electric refrigerator was conducted. The cold end of 

the thermoelectric module was used in the system to cool the 
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refrigerator cabin and a digital thermo meter is used to 

measure the temperature. The hot end is attached to a heat 

sink for heat rejection. In order to validate the performance of 

the system cool down experiment was conducted on the 

system. 

A. Cool Down Test 

For analyzing the performance of system, water load is 

considered as the active heat load to the system. Water at 

33˚C was filled in the container before switching ON the 

system. The temperature at every 20min.intervel was 

tabulated. The readings were recorded for 450mins 

Sr. No. Time Temperature 

1 0 min (Initial) 33 0C 

2 50 min 28.60C 

3 100 min 25.20C 

4 150 min 23.80C 

5 200 min 22.10C 

6 250 min 20.30C 

7 300 min 18.70C 

8 350 min 16.90C 

9 400 min 14.60C 

10 450 min 13.20C 

Table 1: Variation of temperature with time. 

 
Fig. 4: Variation of temperature with time 

Even though the conventional system is mainly 

designed for maintain a fixed temperature, the above cool 

down experiment was proved that the system can be adapted 

for sensible cooling also. The figure 3 shows the variation of 

temperature with time in the given setup. The lower steady 

temperature was attained around 13.2oC at a time of 450 

minute 

B. Performance of the Thermoelectric Refrigerator 

A variable DC power supply unit has been used for precise 

control of DC voltage supplied to TEM. For online 

performance measurement of developed thermoelectric 

refrigeration system an 8-Channel data acquisition system 

(Make: Nippon Technologies, Model No: UNSC-08μ) with 

PT-100 temperature sensors and humidity sensor has been 

used. The performance of single TEM has been evaluated at 

variable input electrical current conditions  and at forced air 

convection condition for heat dissipation from hot side of 

TEM With these optimized operating condition  experiments 

were conducted for performance evaluation of developed 

experimental thermoelectric refrigeration cabinet without any 

heat load inside cabinet and with 50 ml, 75 ml & 100 ml of 

water inside refrigeration space and results (Fig.4.) shows a 

temperature reduction of 11oC without any heat load and 9oC 

with 100 ml of water in refrigeration space at 23oC ambient 

temperature in first 30 minutes. The COP of thermoelectric 

refrigeration cabinet has been calculated for given operating 

conditions and it has been found 0.16 for 100 ml heat load 

condition. 

 
Fig. 5: Experimental result of developed thermoelectric TER 

system 

VI. CONCLUSION 

In this paper we have been successfully design and developed 

Thermoelectric Refrigeration system that fulfils the proposed 

goals. However we do realize the limitations of this system. 

The present design can be used only for light heat load to 

lower its temperature to a particular temperature. The system 

is unable to handle fluctuations in load. Extensive 

modifications need to be incorporated before it can be 

released for efficient field use. This is one of the 

advantageous project which uses low power to drive 

refrigerator.  
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