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ABSTRACT 
These days a lot of research is been done in the field of thermoelectric refrigerators. These systems offer many 

advantages over conventional; vapor compression refrigeration systems. (VCRS) The dependency of conventional 

refrigeration systems over electricity, coolant, mechanical devices etc. makes it the troublesome to execute refrigeration 

in remote areas. With the advent of thermoelectric systems, it has been possible to develop new systems, which are able 

to overcome various shortcomings of environmental concern, size, weight, and performance. In this paper we have 

studied progress and work carried out by various researchers in the area of thermoelectric refrigeration. Small 

introduction of thermoelectricity, fundamental of thermoelectric cooling and thermoelectric materials has been discussed 

in this paper. The various limitations of their designs, power requirements, and cost effectiveness have also been 

discussed. 
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1. INTRODUCTION 

In the last two decades, there has been lot of research in the field of thermoelectrics and a number of 

prototypes have been built. Thermoelectric systems are based on thermoelectric cooling effect thermoelectric 

refrigerators use thermoelectric modules or Peltier modules for producing cooling effect. Thermo electric 

effect was discovered in the year 1823 when Thomas Seebeck a German physicist discovered that when the 

Junction of two dissimilar metals which maintained at two different temperature are brought together an 

electric current starts flowing. Exactly twelve years later, a Frenchman by the name of J.C.A Peltier found out 

that when current flowing through a junction of two dissimilar elements, a temperature difference appears 

across the metal. This is known as Peltier effect or thermoelectric cooling effect. A basic peltier module is 

based on no of P & N type semiconductor couples which are joined electrically in and thermally in parallel. 

These systems have many advantages over conventional vapor compression refrigeration  

systems.(V.C.R.S.) although the conventional VCRS systems meet cooling requirements sufficiently, they 

have many disadvantages. The dependency of conventional refrigeration systems over electricity, coolant, 

mechanical devices etc. makes them troublesome to execute refrigeration in remote areas. Moreover, they 

require high power to operate and are noisy in operation. Recently, with the rising awareness towards 

environmental damage due to the production, use and decomposition of ChloroFluoro Carbons (CFCs) and 

Hydro Chlorofluorocarbons which are used as heat transfer fluids in conventional refrigeration has become a 

subject of great concern. With the advent of thermoelectric systems it has been possible to develop new 

systems which are able to overcome various shortcomings of environmental concern, size, weight and 

performance. many prototypes of thermoelectric refrigerators have been developed so far. In this paper we 

have carried out an in depth analysis of some recently developed thermoelectric refrigerators. From our study, 

it is clear that thermoelectric refrigerators have many advantages over conventional systems. As they are 

solid-state devices they are very reliable, rugged, have no moving parts, require less power than conventional 

systems. However, they are less efficient. all the prototypes which we studied had Peltier modules directly 

mounted to the cooling cabin. These designs demand high heat removal rate for maintaining a particular 

temperature which in turn demands more power. We have proposed to develop a more cost and power 

efficient solar power based thermoelectric refrigeration systems which can store vaccines at a temperature 

range of 2- 8˚C. 
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2. LITERATURE REVIEW 

SurithNivas et al.developed     a  solar powered   dual  purpose thermoelectric refrigerator and the heating 

system powered by solar panels using battery bank. The refrigerator space can reach a temperature of 8°C 

(min) till 200°C(max). This system replaces the 3 working parts with aicy junction, a heating sink, and a 

power source using the principle of the pv effect of semiconductors[1]. From the experiment, it is clear that 

thermoelectric model attains the least temperature about 8°C in forty minutes and maintains the same. Further, 

the thermoelectric model maintains 8°C for nearly fivehours and then it starts reducing. The main 

disadvantage of this system is the time taken for the production of cooling effect is more in comparison to 

other refrigerating effect. In this particularly designed system negative temperature is attained only later 4 

hours 10 minute. The graph they have drawn clearly explains the difference between heat drawn in particular 

system to achieve 8°C in comparison to normal refrigeration system. The particular systems limitations can be 

overcomed by proposing optimum design.  

Umesh V. Sangale et al. developed experimental prototype done on thermoelectric refrigeration system which 

works on solar photo-voltaic cells and produces DC voltage by utilizing the photovoltaic effect of 

semiconductors. The experiment leads to lowering of temperature by 9˚C with 100 ml water kept inside 

refrigeration system within 29 minutes with 23˚C of outside temperature[2]. This experiment has limitation 

like low coefficient of performance and very high cost. In addition, these limitations hinder the large-scale 

usage of this experimental prototype. However, this problem can be catered by the use of new techniques 

based on Peltier powered Solar Refrigerator. This technique improves efficiency in the basic design of the 

thermoelectric set up by providing better heat transfer; miniaturization etc. and can provide a good overall 

performance of the refrigerators. The main disadvantage of the proposed system is the low efficiency of 

refrigeration. They suggested various ways to improve the efficiency of the system . Proposals include usage 

of more efficient thermoelectric modules. The changes in the basic design of the existing refrigeration system 

are also important to increase the efficiency of the system. Another important factor comes under 

consideration is the research on developing new heat transfer techniques for refrigeration.  

Manoj Kumar Rawat et al.reviewed on the developments of thermoelectric refrigeration and air conditioning 

systems which isa novel potential green refrigeration and air conditioning technology[3]. They suggested the 

optimum condition for the application of the experimental data, but as per the design considerations, this 

efficient system is not capable to give exact results at normal atmosphere conditions. 

Swapnil S. Khode et al. reviewed on application of thermoelectric Peltier Module in cooling and power 

generating Technology. A star water condensation system is constructed employing a Thermo Electric (TE) 

cooler,star panels, heat exchange unit, Associate in Nursing an electronic management unit. The system is 

self-powered and might be employed in isolated and desert areas to condensation water from the encircling 

wet air. Applying the system in high wetness see space made 1L of water per hour which might be used 

primarily for irrigation [4].The economic advantage of this type of system remains obscure as a result of the 

comparatively high installation value. This technique would be a long-run value saving system since the 

energy supply is free and the star sub-system typically needs very little care. 

Dr.V.V.Karthikeyan et al. developed an alternative energy based mostly immunogen carrier for rural areas. 

they'd an in depth study on varied existing refrigerators comes beneath this class and that they reviewed a 

good vary of merchandise comes beneath the class of thermoelectrical refrigerators [5]. They found the 

subsequent limitations of existing refrigeration systems are: - All of them ought to use halide, Li bromide and 

ammonia refrigerants.   In distinction, semiconductor refrigeration has additional obvious blessings. It does 

not use refrigerants while not atmosphere pollution and sophisticated transmission pipeline. It will solely cool 

a special device or a particular space. The cooling box has tiny size and lightweight weight, and it will save 

the development space considerably. No mechanical rotation, therefore the cooling box is reliable and the 

maintenance was simple while not noise and wear. Therefore they planned a star based mostly icebox system 

mistreatment embedded system with the employment of microcontrollers. Their system accommodates varied 

advanced components to the acceptable operating of icebox that incorporates microcontroller 16F887, liquid 

crystal display for temperature reading and lumen thirty-five Integrated circuits for temperature sensors. 

Theconstraints of the planned system are during this paper, the Peltier module is employed for the aim of 
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heating and cooling. They each heating and cooling area unit exhausted identical chamber. The minimum 

temperature achieved was found to be 20˚c for cooling and the most temperature was 60˚c for heating during 

this experiment. The price of star panels is high;therefore,the size of solar array should be replaced to scale 

back the price.   The limitation of the proposed system is the range of temperature obtained by the system is 

very small in comparison to other already existing thermoelectric systems.  

Onoroh Francis et al.designed a thermoelectricalcooling mistreatment metallic element compound module. 

This can be a specific variety of temperature module designed for thermoelectrical functions. Be2Te3 is the 

formula of the actual crystal. These will add a temperature vary of 260˚C.They focused on simulation of a 

thermoelectrical icebox maintained at 4˚C. [6] The paper studies the planning and development of a heat 

supply and warmth sink and its performance analysis mistreatmentMat Lab software system. The findings 

from the actual analysis paper are also listed. Style of a sink for thermoelectrical refrigeration system: - A sink 

removes the warmth developed within the hot a part of thethermoelectrical module. The warmth sink is 

created of metal material and that is in constant contact with the recent facet of the icebox. The warmth 

removal is principally done by free convection, forced convection, and liquid cooling. Here they have studied 

a sink supported liquid cooling. Another necessary a part of a thermoelectricalicebox is that the spacer box. 

Spacer box is employed to confirm sufficient air gap between the warmth sink and the object being 

cooled.The limitations of this study is the parameters mentioned on this paper a far away from normal 

working conditions. Therefore,a detailed practical application of these parameters is need to be experimented 

in lab conditions. There are ways in which they employed in practical scale.  

Bansal et al. have done a careful analysis on energy potency and cost-effectiveness for VCRS, 

thermoelectrical and VCRS refrigeration systems of comparable capability (about fifty liter) [7].  The results 

show that VCRS system was the simplest energy economical (having a COP of 2.59) followed by 

thermoelectrical (having a COP of 0.69) and absorption icebox (COP of0.47). The analysis results prove that 

the total cost (initial and in operation costs) throughout the life of the refrigeration systems was all-time low 

for the vapor-compression unit , the thermoelectrical system was the second most economical mosteffective 

system and also the absorption system being the smallest amount efficient. 

Solar Water Condensation using thermoelectrical Cooler by Raghied Mohammad Atta et al.. In this paper the 

author have tried to build a water condensation system by using  thermoelectric modules. This system could 

be used for irrigation purposes in  regions where humidity is high.  The cell unit employed in this technique 

encompasses a twelve Volt and it’s  function is to control the operation of  the  system operation. The Peltier 

modules should be  connected in parallel. The thermoelectric modules are solar driven  and  have dimension s 

of 4x4x0.8 cm, draw current of 3.6 at a temperature  of 87°C [8]. It planned the warmth sink for every Peltier 

component is created of metal a good heat dissipation technique for the recent facet of alloy and encompasses 

a dimension of 15x15 cm creating the full thermoelectrical modules to boost the performance of a heat 

exchange space to be 45x15 cm on all sides of the laboratory thermoelectrical icebox and its alternative 

energy Peltier components. The economic advantage of this system is getting limited due to the relatively high 

installation cost of the product. The system is having long term economical use as it is having a free energy 

source  solar power which is available everywhere.  

Sandip Kumar Singh et al.have done a paper on Thermoelectric Solar Refrigerator. Thermoelectric Solar 

Refrigerator has been used much in wide areas recently. The thermoelectricalsolar refrigeration devices will 

act as coolers, power generators, or thermal energy sensors and area unit employed in most the fields like 

military, aerospace, instrument, biology, medication and industrial or business merchandise and use of rulers 

acres in simply. Cooling of 12˚C without any heat load and 10˚C with a hundred mil of water in refrigeration 

area at 24˚C close temperature in initial half-hour has been by experimentation found at optimized in 

operation conditions [9].The time taken by the thermoelectric system in achieving the required temperature is 

very long in comparison to normal thermoelectric refrigeration systems. The optimum design of refrigerating 

box is to be done on regular basis to achieve  the low time requirement.  

Saiduret al. Performed Investigation of athermoelectrical power based mostly cooling. A thermoelectrical 

icebox that is developed in stand aloneelectrical phenomenon system for domestic usage has been given 

during this paper. The electrical phenomenon filler needed for expeditiously running the thermoelectrical 
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icebox with energy consumption of 20Wh is as well as four star modules of 5.7A, 17.5V and100W; four lead 

acid batteries of 12V and 100Ah, a starchargecontroller of 12A Associate in Nursingd 24V; and an electrical 

converter of 24V and 150W[10]. Forincreasing the electricity generation, the electrical phenomenon array 

ought to be oriented at fifteen degrees from horizontal and is put in facing south. The height power made by 

the electrical phenomenon array is 230 watt. In this, we got the idea of efficient power generation using solar 

powered generators for a particular thermoelectric refrigerator system. The systems power consumption can 

be reduced using various techniques being used in the paper.Powered generators for a particular 

thermoelectric refrigerator system. The systems power consumption can be reduced using various techniques 

being used in the paper. 

Dr.V.V.Karthikeyan et al. developed star icebox For Vaccines in Rural Areas. The each heating and cooling 

area unit exhausted identical chamber. The minimum temperature achieved was found to be 20
o
c for cooling 

and the most temperature was 60˚c for heating during this experiment. The price of star panels is high, 

therefore the size of solar array should get replaced so as to scale back the price. Alternative energy source 

based mostly temperature volunteered chamber is given during this paper [11]. Using the Peltier module the 

temperature-controlled chamber is achieved for the twin functions which include cooling and warming. The 

proposed system outlines the implementation of cooling Associate in nursing heating in an exclusive unit. 

Studied a true time system with, High potency for the domestic purpose.to scale back the dimensions of the 

panel the maximum amount as doable. 

Mohan M. Tayde et alDeveloped Mini-Scale icebox Cooling for military, civilian and aviation applications 

and alternative equipment has become a crucial issue. Several electronic systems, components, and processors 

produce heat that should be effectively removed so as to confirm lower temperatures. Classical refrigeration 

mistreatment vapor compression has been wide applied over the last decades to giant scale industrial systems. 

Now, the miniscale (miniature) icebox mistreatment videocassette recorder looks to be another answer for the 

electronic cooling drawback. Fabrication of terribly tiny devices is currentlydoable as a result of advances in 

technology. During this investigation, a mini-scale icebox of 300W cooling capability mistreatment R-134a as 

refrigerant is meant, engineered and tested. This check indicates that the particular COP of the developed 

system is 1.6 and second law potency is nineteen. The experiments additionally show that the system was able 

to dissipate heat fluxes of forty eight W/cm2 and keep the junction (chip) temperature below 82˚ C [12]. 

SanchitKuamrGupta et al disbursed the analysis by enhancing the performance of star cooling. They wanted 

new ways in which to cool down the cooling that he used the Peltier module and seebeck impact. however the 

coolingimpact that he determined wasn't up to hi expectation therefore he found a brand new system of 

terracotta clay and applying it to the warmth sink of hot facet of the Peltier module that exaggerated the COP 

from 1.61 to 0.3202.Which is double the cooling impact than the previous system of simply peltiermodule.But 

the disadvantage it carries is that the quantity of wet targeted and touching the circuit [13]. 

Mayank awasthi et al in their paper,“Design and development of thermoelectrical refrigeration” highlighted 

the importance of thermoelectrical refrigeration in meeting today’s energy demands. They have declared 

thatthermoelectrical refrigeration is additional desperately needed in developing countries wherever long life 

and low maintenance area unit needed. As they are utterly solid state devices they're additional rugged, 

reliable and area unit atmosphere friendly and quiet operating. The authors have designed a 5L that was able 

to maintain temperature within the vary of 5-250 C. For insulation HIPS(High impact polystyrene) was used 

with a thermal conductivity of zero.188. the warmth load was calculated to be 33W the icebox might maintain 

cooling for amount of half-dozen hours [14]. to enhance the potency of icebox we will heat the recent facet of 

thermoelectrical module by some artificial suggests that. The authors additionally calculated optimum foam 

thickness needed for insulation mistreatment mathematical equations. 

In the paper “Performance investigation of a star hopped-up thermoelectrical refrigerator” authored by R. 

Saiduret al importance of thermoelectrical refrigeration has been stressed. we've learnt from this paper that for 

with success coming up with a star hopped-up thermoelectrical icebox, varied info like daily and hourly load 

demand, peak current and voltage characteristics of designed solar module, calculable proportion of losses in 

battery, power acquisition instrumentality should be familiar. The 22W icebox designed by authors used four 

solar panels every with most voltage of 17.5V and most current of 5.7A. This paper has helped America in 
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scheming size of our electrical phenomenon panel and battery [15]. This paper helped America when making 

a decision the facilityrequired to be generated by solar array as there are a unit 3 differing kinds of solar array 

and that they all have their own limitations and blessings, however the solar array we have a tendency to area 

unit mistreatment is electrical phenomenon because it is that the least expensive and produces same power as 

alternative solar array even supposing it's smaller in size. 

Gillot mark et al in their paper “An investigation of thermoelectrical cooling devices for tiny scale 

applications” took a theoretical study to search out out optimum operating conditions of a 

thermoelectricalcooler. In their analysis they ended that cop depends upon properties of thermoelectrical 

modules, dimensions, temperature of hot and cold sides and current input. additionally for a specific module 

there exists a current that cop is maximum This current is 0.5 times most current. additionally it's been shown 

that once cooling load andin operation temperature area unit fastened, optimum current and c.o.p. are fixed 

[16].This paper helped Americain crucial the capability of Peltier and cooling module. 

Gaurav Gupta et al in their paper “style for a mechanical device less system” designed and tested a star 

hopped-up space air conditioning. to make a thermoelectrical cooler, hot junction is placed outside and cold 

junction is placed within. varied parameters of thermoelectrical module like hot facettemperature, cold facet 

temperature, quantity of warmth to be absorbed, and in operation temperature distinctionshould be thought of. 

This paper helped America in heat load calculations. [17] The proposed systems disadvantage is the high 

initial cost. The initial cost of the system should be low in comparison to other commercial air conditioning 

systems as it should be economical to public. 

 

3. PROPOSED DESIGN SETUP 

Although there are many solar powered based thermoelectric refrigeration systems currently in operation. 

These systems employ thermoelectric modules which are attached directly to the cold chamber because of 

which thermoelectric modules should be in constant operation so as to maintain the required temperature 

range. This leads  to increase in power consumption which in turn leads to more pv cells, more 

thermoelectrics for obtaining the desired temperature range thereby increasing the overall cost of the system.  

In our project we have decided to take a novel approach of designing  a system in which the cold chamber is 

not directly exposed to the ambient. Our method is to introduce an artificial vacuum that will prevent direct 

contact of cold box and ambient. The temperature inside the cold box will be maintained at a constant range of 

2-8C where as the temperature of the artificial environment will be about fifteen degree Celsius. Our design 

model will consist of an ice box made up of reinforced thermocol and MDF which will be enclosed by an 

outer insulating box made up of MDF. To maintain a temperature of about fifteen degree Celsius 

thermoelectric modules will be attached to the outer box. These modules will be attached to aluminium sheets 

which would be placed underneath a cooling coil. A circulating fan will draw the cold  air inside the outer box 

by making hot ambient air to pass over the cooling coil. The cooling coil will reject its heat to the aluminium 

fins which would be subsequently cooled by thermoelectric modules. When the air inside the artificial 

chamber becomes hot because of the heat lost by the cold box, it will be forced outside through exhaust fan 

and fresh air will be brought inside. A temperature sensor and a timer ic circuit will help the system in 

operating the fans. Thus it will be an intermittent system with TEC not being in constant operation. The 

system will be powered by a solar panel placed on the top of the cold box. The developed system would thus 

be more cost and power efficient than the existing systems. 

 

4. RESULTS AND DISCUSSION 

In this experimental analysis of Thermoelectric cooling modules  were used for development of thermoelectric 

refrigeration cabinet. These designs demand high heat removal rate for maintaining a particular temperature 

which in turn demands more power. We have proposed to develop a more cost and power efficient solar 

power based thermoelectric refrigeration systems which can store vaccines at a temperature range of 2- 8˚C. 

The various equations used are- 
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5. COMPARATIVE ANALYSIS OF EXISTING PROTOTYPES 
S.No Project and Author’s 

Name 

Specifications and Features Limitations Cost of the 

project in 

Rs 

1 Thermoelectric 

Refrigerator by Sandip 

Singh and Arvind 

Kumar 

A temperature decrease of 12˚C without 

any heat load and a 10˚C when 100 ml 

water inside the chamber achieved. 4 

Peltier modules are used  

Large number of peltier 

modules demand high power 

consumption , complex circuit, 

and large solar panel and 

increased cost.  

12000  

2 Thermoelectric 

refrigeration using solar 

power by Umesh V. 

Sangale , Prof. Priyanka 

Jhavar 

And Dr.G.R.Seloskar.S 

The peltier module used is of high 

efficiency. Good heat rejection techniques 

are employed . They made an alternate 

design for the system stressing on 

increased efficiency.  

There no mentioning of 

alternate ways to improve 

efficiency. They were using 

conventional methods of 

increasing efficiency , so 

resulted in more cost and 

production time of the system.  

14891 

3 Photovoltaic Driven 

Dual Purpose 

Thermoelectric 

Refrigerator  

for Rural India. 

SurithNivas, Vishnu 

Vardhan, Raamkumar, 

Sai Prasad  , Ramya.K 

They proposed and intelligent system 

which uses various controlling electronic 

arrangements for the switching of the 

circuit. They used 3 peltier module which 

reach a  negative temperature in 1 hr 40 

minutes 

The time taken by the 

refrigerating system to achieve 

negative temperature is large 

in comparison already existing 

thermoelectric systems(40 

Minutes) . But this limitations 

needs to be overcome in next 

level developments 

17800 

5 Solar Refrigeration  

System by Sanchit 

Kumar Gupta  

Inventively joint 2 principles of cooling  

i.e. terracotta clay & Peltier Effect to 

advance a whole new  

idea of refrigeration operational on a 

renewable foundation of energy.   

COP attained is 0.3202  

a thermo-electric solar driven refrigerator  

with a COP (0.3202) considerably higher 

than that attained in the previous research 

(COP 0.161) [3]  

 

They were not able to 

maintain the efficiency for a 

large variation of ambient 

temperature. The variations 

occurred at various ambient 

temperatures needs to be 

rectified. Various 

considerations has to develop 

for extreme summer 

conditions and winter. 

14000 

(a) Load estimation                               

 

Total rated wattage: Prated = q ×Prated (1) 

 

Energy demand:  Prated ×H     (2) 

 
Load 

demand: Ed ( Ah)  = 

  Ed (Wh)                   

(3) 

 η×V 

                

 

                      

 
Corrected 

load: EC( Ah)  = 

  Ed ( Ah)                 

(4) 

 

 

 

                 

                

 (b) Battery sizing 

    

 

                      

 

    

Ec( Ah) ×Ds 

      

 Battery capacity: =   

      

(5) 

 

       (DOD)×η 

 

  

 

η 
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6. CONCLUSION 

Here it has been tried to highlight the strategy and progress of new thermoelectric refrigeration and space 

conditioning methods by different researchers.  The paper also highlights advantage of thermoelectric systems 

over the conventional ones. The compatibility of thermoelectric systems with solar power have increased their 

utility in off grid areas.  However .in these systems  thermoelectric modules  are attached directly to the cold 

chamber because of which thermoelectric modules should be in constant operation so as to maintain the 

required temperature range. This leads  to increase in power consumption which in turn leads to more pv cells, 

more thermoelectrics for obtaining the desired temperature range thereby increasing the overall cost of the 

system. The high costs of these systems are a barrier for large scale use.  It is also endeavoured to solve this 

problem by working on a high efficiency, low cost  thermoelectric refrigeration system.  Also it is being tried 

to bring down the size of solar pv used thus making system more portable. 
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