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Abstract – The thermoelectric effect is the direct conversion 

of temperature differences to electric voltage and vice versa. A 

thermoelectric device creates voltage when there is a different 

temperature on each side. The term thermoelectric effect 

includes three separately identified effects: the Seebeck effect, 

Peltier effect, and Thomson effect. The main objective of the 

current review study to improve the efficiency and lower the 

manufacturing cost of thermoelectric refrigeration system. A 

comparative study through the literature of the various 

experimental and mathematical model of thermoelectric 

refrigeration system in which various parameters like thermal 

performance, thermal characteristics and coefficient of 

performance are discussed. Studies shows that there is a huge 

scope of research in this field about thermoelectric 

refrigeration system and heat sink design. 
 

Keywords – Thermoelectric, Peltier Effect, Thermal 
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I. INTRODUCTION 
 

The thermoelectric phenomena are reversible in the sense 

that they do not of themselves give rise to thermodynamic 

losses. However, they are always, in practice, accompanied 

by the irreversible effects of electrical resistance and 

thermal conduction. It turns out that the performance of any 

thermocouple as an energy convertor can be expressed in 

terms of the differential Seebeck coefficient and the thermal 

and electrical resistances of the two branches. These 

resistances depend on the thermal and electrical resistivities 

and the ratios of length to cross-sectional area. 

 

 
Fig. 1. Element of thermoelectric refrigeration system. 

A. Thermoelectric Principle of Operation: 
The typical thermoelectric module is manufactured using 

two thin ceramic wafers with a series of P and N doped 

bismuth telluride semiconductor material sandwich- -ed 

between them as shown in Figure. The ceramic material on 

both sides of the thermoelectric adds rigidity and the 

necessary electrical insulation. 

 

 
Fig. 2. Thermoelectric Principle of Operation. 

 

The N type material has an excess of electrons, while the 

P type material has a deficit of electrons. One P and one N 

make up a couple. The thermoelectric couples are 

electrically in series and thermally in parallel. A 

thermoelectric module can contain one to several hundred 

couples. 

The term "thermoelectric effect" encompasses three 

separately identified effects: the Seebeck effect, Peltier 

effect, and Thomson effect 

The Seebeck effect is the conversion of heat directly into 

electricity at the junction of dissimilar electrical conductors. 

It is named for the Baltic German physicist Thomas Johann 

Seebeck. 

Peltier found there was an opposite phenomenon to the 

Seebeck Effect, whereby thermal energy could be absorbed 

at one dissimilar metal junction and discharged at the other 

junction when an electric current flowed within the closed 

circuit. 

As per the Thomson effect, when an electric current is 

passed through a conductor having a temperature gradient 

over its length, heat will be either absorbed by or expelled 

from the conductor. Whether heat is absorbed or expelled 

depends on the direction of both the electric current and 

temperature gradient. 
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II. LITERATURE REVIEW 
 

Carlos Alberto Badillo-Ruiz at el [1] in this work, the 

influences of the Thomson effect and the geometry of the 

p-type segmented leg on the performance of a segmented 

thermoelectric microcooler were examined. The results 

showed that the inverse system (where the material with a 

higher Seebeck coefficient is used for the first segment) 

delivered a higher performance than the direct system, with 

improvements in the COP and Qc of 6.67% and 29.25%, 

respectively.  

S. Choi, U. Han, H. Cho & H. Lee [2] this paper 

comprehensively reviews household refrigerator technolo- 

-gies including current cycle options and future not-in-kind 

options. Most of the refrigerators are based on a vapor 

compression cycle, so that its options are reviewed and 

compared. Technologies that are not based on the VCC, 

such as an absorption, thermoelectric, magnetic, thermo-

acoustic, and thermo-elastic are presented for the 

application of domestic refrigerators. Even though they 

have not been widely used for household refrigerators due 

to insufficient reliability and lower performance, their 

potential is discussed. 

K.O. Daffallah [3] Experiments were carried out at 

different thermostat setting of the refrigerator. The monthly 

and annual consumptions of the refrigerator were also 

carried out. The minimum and maximum increase in 

compressor run time per day for every degree increased (in 

average from 25 to 35 °C) in ambient temperature is 

investigated and found to be 0.216 h/°C and 0.912 h/°C for 

12 V system. The comparison results showed that 12 V 

operations of DC refrigerator can be much more efficient 

than 24 V operations especially at higher ambient 

temperature with an average of energy saving of 81.28 

kWh/year. 

Hamed Sadighi Dizaji at el. [4] this paper experimentally 

focuses on the effect of various parameters on exergy 

destruction and the second law performance through a 

thermoelectric air cooler. The effects of flow and 

thermodynamic parameters including air flow rate, 

incoming air temperature, water flow rate, incoming water 

temperature, DC voltage/ ampere etc. Increment of air flow 

rate improved the exergetic performance of Peltier-air 

cooler. Besides, higher air inlet temperature reduced exergy 

destruction of thermoelectric module (TEM) which means 

that Peltier air cooler is appropriate for regions with warmer 

weather in comparison with moderate climates. 

Diana Enescu at el. [5] this paper addresses the electrical 

characteristics of a thermoelectric refrigerator connected to 

the power grid in a microgrid-like installation. A 

sustainable solution, in which the thermoelectric 

refrigerator is connected to a microgrid powered by a 

photovoltaic plant and equipped with an electric storage 

system, is designed and simulated. 

G. Anbazhgan & R. Hariharan [6] this work focused on 

performance analysis of a Thermoelectric Refrigerator. The 

performance of the refrigerator was experimentally under 

varying conditions of source and sinks temperature 

differences and input current. The system consisted of the 

refrigeration chamber, thermoelectric modules, heat source 

and heat sink and thermocouples. Results show that the 

COP which is a criterion of performance of such a device, 

is a function of the temperature difference between the 

source and sink. For maximum efficiency, the temperature 

difference should be maintained at the barest minimum 

temperature. 

Murat Gokcek & Fatih Sahin [7] an experimental 

performance analysis of mini channel water cooled-

thermoelectric refrigerator in this study is presented. The 

cooling system of refrigerator is consists of two 

thermoelectric modules integrated with the mini channel 

heat sinks in its hot side and the heat dissipaters in its cold 

side. The experiments carried out for different system 

voltages and different flow rates of cooling water in the 

mini channel. The results show that the inner temperature 

of water cooled thermoelectric refrigerator is about 2 °C for 

0.8 L/min flow rate while it is about −0.1 °C for 1.5 L/min 

flow rate at the end of 2-h experiment. Prashant Kumar 

Pathak, Mr. Abhishek Singh & Dr. Lokesh Boriwal [8] this 

work presents an analysis of variation of temperature with 

respect to time for water cooled thermoelectric assembly. 

Here TEC-12715 thermoelectric module was used for 

cooling the refrigeration cabinet. The current was varied 

from 5A to 11A and time was noted for temperature to drop 

from ambient temperature to 10-15°C. Results showed that 

maximum decrease in temperature of polystyrene cabinet 

was observed when I = 0.5Imax. 

Prof. Rajendra. P. Patil at el. [9] Thermoelectric 

refrigeration is new alternative because it can convert waste 

electricity into useful cooling, is expected to play an 

important role in meeting today fossil energy challenges. 

Therefore, thermoelectric refrigeration is greatly needed, 

particularly for developing countries where long life and 

low maintenance are needed. Thermoelectric devices are 

solid state devices. As refrigerators, they are friendly to the 

environment as CFC gas or any other refrigerant gas is not 

used. In this paper, basic knowledge of the thermoelectric 

devices and an overview of these applications are given. 

Junyi Wang, Yuan Wang, Shanhe Su, Jincan Chen [10] 

By comparing with the thermoelectric refrigerator with bulk 

semiconductors, it is expounded that quantum effects such 

as confinement and tunneling are capable of significantly 

reducing the irreversible energy losses due to the electron 

transport, which has a great potential to improve the cooling 

efficiency. The results obtained can provide some 

theoretical guidance for the optimal design of practical 

thermoelectric refrigerators. 

Xiaoqin Sun at el. [11] a thermoelectric cooling (TEC) 

system is proposed to remove the heat that is generated by 

electronic device in this work. To improve the performance 

of this system, a gravity assistant heat pipe (GAHP) is 

attached on the hot side of the thermoelectric cooling 

module, serving as a heat sink. A mathematical model of 

heat transfer, based on the energy conservation, is 

established for the integrated system. A prototype is 

designed, built and tested in a climatic chamber under 

various conditions, comparing with a TEC system with air 

cooling heat sink. It is found that the cooling capacity is 

improved by approximately 73.54% and the electricity 

consumption was reduced by 42.20% to produce the same 
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amount of cold energy. 

Yu Wang, Yushu Shi & Di Liu [12] this paper presents a 

mathematical model of the refrigeration system based on 

one-dimensional heat transfer theory, and analyses 

respectively the operating characteristics of thermoelectric 

refrigerator under the condition of maximum cooling 

capacity and maximum cooling efficiency. The text results 

show that the performance of the thermoelectric cooling 

system coupled with heat pipe affected by the above control 

parameters. The ventilation rate of the cold side increases 

with the increasing of operating voltage and the cooling 

effect will be more obviously. The application of spoiler 

duct is possible significantly to enhance cooling system 

performance.  

D. Astrain, P. Aranguren, A. Martinez, A. Rodríguez, 

M.G. Perez [13] a computational study has been carried out 

on a thermoelectric refrigerator of 15 m3 of interior volume, 

in order to obtain the influence of the heat exchanger 

studied, on the total consumption of the refrigerator and its 

efficiency. The results have demonstrated that relevant 

improvements can be made in TEC efficiency by the proper 

optimization of the heat exchangers. 

Darshan Suryawanshi at el. [14] Due to environmental 

concerns and increasing demand for alternate cooling 

technology led us to use thermoelectric refrigeration. 

Currently thermoelectric refrigeration is considered to be 

popular cooling technology and which has potential to 

overcome problems regarding use of refrigerant based 

technologies. This paper provides a review of thermoelec- -

tric refrigeration system, performance analysis and 

potential applications of thermoelectric refrigeration. Use 

of thermoelectric technology in machining operations is 

innovative idea and it is outlined by suggesting 

experimentation work. 

N. Karwa, C. Stanley, H. Intwala, G. Rosengarten [15] 

demonstrate a low thermal resistance water cooled heat sink 

design for the hot side of a commercial low-cost 

thermoelectric refrigerator. An inline confined-jet array 

heat sink has been designed wherein the coolant directly 

impinges on the thermoelectric module, thereby eliminating 

the interfacial thermal resistance. The design was tested 

using CFD simulations and experimentally using a 3D 

printed prototype. A low thermal resistance 0.025 K/W was 

achieved with a small pressure drop of 25 kPa. The thermal 

resistance predicted using CFD matched well with the 

experiments.  

Sujith G at el. [16] the need for thermoelectric 

refrigeration in developing countries is very high where 

long life and low maintenance are needed. The objectives 

of this study is to develop a working thermoelectric 

refrigerator to cool a volume of 40 L that utilizes the Peltier 

effect to cool and maintain a selected temperature range of 

5 0C to 25 0C. The design requirements are to cool this 

volume to temperature within a short time and provide 

retention of at least next half an hour. The design and 

fabrication of thermoelectric refrigerator for required 

applications are presented. 

Z.M. Ding, L.G. Chen & F.R. Sun [17] the performance 

of the irreversible combined refrigerator, in which the heat 

transfer between the device and the heat reservoir obeys 

Newton's heat transfer law, is analyzed and optimized by 

using the combination of finite time thermodynamics and 

non-equilibrium thermodynamics. The effect of total heat 

transfer surface area on the optimum performance of the 

irreversible refrigerator is explored by numerical examples. 

The results obtained herein may provide guidelines for the 

design and application of practical combined thermoelectric 

refrigeration devices. 

Opeoluwa Owoyele, Scott Ferguson & Brendan T. O 

Connor [18] a thermoelectric (TE) cooler architecture is 

presented that employs thin film thermoelectric elements on 

a plastic substrate in a corrugated structure sandwiched 

between planar thermal interface plates. This design 

represents a hybrid of a conventional bulk TE device and an 

in-plane thin film TE design. A comparison is then made 

between the heat sink demands of the hybrid TE design and 

a conventional bulk TE device where it is found that the 

lower cooling power density of the hybrid TE results in a 

reduction of heat sink demands as compared to bulk TE 

modules.  

Pradhumn Tiwari & Prakash Pandey [19] in this paper a 

brief introduction of thermoelectric refrigeration, its 

principle and applications has been presented. The research 

and development work carried out by different researchers 

on development of thermoelectric R & AC system has been 

thoroughly reviewed in this paper. 

Mayank Awasthi & K V Mali [20] The objectives of this 

study is design and develop a working thermoelectric 

refrigerator interior cooling volume of 5L that utilizes the 

Peltier effect to refrigerate and maintain a selected 

temperature from 5 °C to 25 °C. The design requirements 

are to cool this volume to temperature within a time period 

of 6 hrs and provide retention of at least next half an hour. 

The design requirement, options available and the final 

design of thermoelectric refrigerator for application are 

presented. 

Lingen Chen & Fankai Meng, Fengrui Sun [21] derived 

two analytical formulae for cooling load vs. working 

electrical current, and the COP vs. working electrical 

current. For a fixed total heat transfer surface area of four 

heat exchangers, the allocations of the heat transfer surface 

area among the four heat exchangers are optimized for 

maximizing the cooling load and the COP of the combined 

thermoelectric refrigerator device. Optimum working 

electrical current for maximum cooling load and COP at 

different total number of thermoelectric elements and 

different total heat transfer area are obtained, respectively. 

D. Astrain, A. Martinez & A. Rodríguez [22] This paper 

presents the improvement in the performance of a domestic 

hybrid refrigerator that combines vapour compression 

technology for the cooler and freezer compartments, and 

thermoelectric technology for a new compartment. 

Experimental results indicate that the temperature of the 

new compartment is easily set up at any value between 0 

and _4 _C, the oscillation of this temperature is always 

lower than 0.4 _C, and the electric power consumption is 

low enough to include this hybrid refrigerator into energy 

efficiency class A, according European rules and 

regulations. 

Suwit Jugsujinda at el. [23] the refrigeration system of th- 



 

Copyright © 2018 IJECCE, All right reserved 

155 

International Journal of Electronics Communication and Computer Engineering 

Volume 9, Issue 5, ISSN (Online): 2249–071X 

 

-ermoelectric refrigerator was fabricated by using a 

thermoelectric cooler and applied electrical power of 40 W. 

The TER has not cooling fan for the coldness circulates in 

the refrigerator. The current, differential temperature, time, 

and coefficient of performance (COP) were analyzed. The 

TER temperature was decreased from 30 ºC to 20 ºC in 1 hr 

and slowly decreasing temperature for 24 hrs. The 

maximum COP of TEC and TER were 3.0 and 0.65, 

respectively. 

F. Meng, L. Chen & F. Sun [24] a developed model of 

commercial thermoelectric refrigerators with finned heat 

exchanger is established by introducing finite time 

thermodynamics. Numerical studies and comparative 

investigation on the performance of a typical commercial 

water-cooling thermoelectric refrigerator which consists of 

127 thermoelectric elements, are performed for cooling 

load and coefficient of performance. The results show that 

the maximum cooling load is 2.33 W and the maximum 

coefficient of performance is 0.54 when the cooling 

temperature difference is 10 K.  

Fankai Meng, Lingen Chen & Fengrui Sun [25] The 

analytical formulae for the stable working electrical current, 

the cooling load versus the working electrical current, and 

the coefficient of performance (COP) versus the working 

electrical current of the combined device are derived. The 

influences of the heat source temperature of the two-stage 

thermoelectric generator and the heat source (cooling 

space) temperature of the two-stage thermoelectric 

refrigerator on the optimal performance of the combined 

thermoelectric device are analyzed by detailed numerical 

examples. 

Sabah A. Abdul-Wahab at el. [26] The main objective of 

this study is to design and build an affordable solar 

thermoelectric refrigerator for the Bedouin people living in 

remote parts of Oman where electricity is still not available. 

The designed solar thermoelectric refrigerator was 

experimentally tested for the cooling purpose. The results 

indicated that the temperature of the refrigeration was 

reduced from 27oC to 5oC in approximately 44 min. The 

coefficient of performance of the refrigerator was 

calculated and found to be about 0.16. 

J.G. Vián & D. Astrain [27] a thermoelectric domestic 

refrigerator has been developed, with a single compartment 

of 0.225 m3, for food preservation at 5 _C. an experimental 

optimization phase of the thermosyphons was carried out, 

until thermal resistance values of RTSV = 0.256 K/W and 

RTPM = 0.323 K/W were obtained. These values were 

lower than those obtained with finned heat sinks. 

W.V. Slaton & J.C.H. Zeegers [28] General performan- -

ce characteristics as well as bulk thermal conductivity for a 

selection of thermoelectric elements was first found by 

using a two-plate apparatus to maintain a constant 

temperature difference across the element. Further studies 

of an element_s performance when placed in series with the 

thermo acoustic refrigerator_s heat exchangers will be 

presented. Design considerations for using thermoelectric 

elements in a no-moving parts electrical power generation 

scheme will be discussed. 

Gao Min & D.M. Rowe [29] the coefficient-of-

performance of a thermoelectric refrigerator is found to be 

around 0.3–0.5 for a typical operating temperature at 5 _C 

with ambient at 25 _C. The potential improvement in the 

cooling performance of a thermoelectric refrigerator is also 

investigated employing a realistic model, with experimental 

data obtained from this work. The results show that an 

increase in its COP is possible through improvements in 

module contact resistances, thermal interfaces and the 

effectiveness of heat exchangers. 

Y.J. Dai, R.Z. Wang & L. Ni [30] Experimental 

investigation and performance analysis on a solar cell 

driven, thermoelectric refrigerator has been conducted. 

Results shows that the unit could maintain the temperature 

in the refrigerator at 5–101C, and have a COP about 0.3. 

Further analysis indicated that the performance of the 

system is strongly dependent on intensity of solar insolation 

and temperature difference of hot and cold sides for the 

thermoelectric module, etc. There exist optimum solar 

insolation rates, which let the cooling production and COP 

achieve maximum value, respectively.  

Lingen Chen at el. [31] the cooling load and coefficient 

of performance (COP) expressions for a thermoelectric 

refrigerator, which is composed of multi-elements, are 

derived with the consideration of heat transfer 

irreversibility in the heat exchangers between the 

refrigerator and the reservoirs. An experimental device is 

built for the performance investigation of the thermoelectric 

refrigerator. The device is used to evaluate the effect of 

external heat transfer on the performance of the 

thermoelectric refrigerator. The theoretical results are 

compared and confirmed with experimental results. 

H. Sofrata [32] the main objective of this work is to 

enhance the performance of thermoelectric refrigerators by 

developing an effective heat rejection method for the hot 

side of thermoelectric modules. Single fan, double fan and 

natural chimney draft heat rejection alternatives have been 

tested. It has been concluded that, if we use a long chimney, 

the performance of the refrigerator may be improved, and 

the fan current is used for cooling instead of wasting its 

power for heat rejection fans. 

Selahattin Goktun [33] Heat transfer at a finite rate and 

electrical resistive losses are necessarily irreversible 

processes and unavoidable in a thermoelectric device. It is 

shown that the internal and external irreversibility in a 

thermoelectric refrigerator may be characterized by a single 

parameter, named the device design parameter. The 

presence of this parameter in the equations for the 

refrigeration effect and the maximum input power, shows 

that a real refrigerator has a smaller cooling capacity and 

needs more input power than an ideal refrigerator. 

 

III. CONCLUSION 
 

From the above literatures it has been concluded after 

studies and reviewed various research papers related to 

thermoelectric refrigeration system. A comparative study 

through the literature of the various experimental and 

mathematical model of thermoelectric refrigeration system 

in which various parameters like thermal performance, 

thermal characteristics and coefficient of performance are 

discussed. The main objective of the current review study 
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to improve the efficiency and lower the manufacturing cost 

of thermoelectric refrigeration system. Studies shows that 

there is a huge scope of research in this field about 

thermoelectric refrigeration system and heat sink design. 
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