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Abstract— Global demand for renewable energy sources is 

rising as a result of the negative effects burning fossil fuels has 

on the environment. Utilizing renewable energy sources, such 

as solar energy, one of the world's most reliable and clean 

energy sources with a wide range of applications, can help us 

curb the trending increase in global electricity consumption. 

One such application is the cooling effect provided by 

Thermoelectric Coolers (TECs). Thermoelectric coolers can 

run on a battery that receives a direct power supply from solar 

panels. It is possible to obtain experimental efficacy. Solar 

panels also have the potential to be used as a power source for 

thermoelectric cooling systems. A single solar module can only 

generate a certain amount of power; most installations include 

multiple modules, giving us the opportunity to research power 

output and efficiency for TEC's. A photovoltaic system, in 

general, consists of a panel or array of solar modules, a solar 

inverter, and, on occasion, a battery and/or a solar tracker. 

This report will primarily concentrate on thermoelectric 

cooling based on solar cell power output, which can provide 

cooling in remote applications. The report also includes the 

possibility of using controllers and sensors to achieve the 

desired temperature  

Keywords— Thermoelectric cooler, Solar energy, 

Temperature Sensor, Photovoltaic system. 

I. INTRODUCTION  

Electrical energy is a vital necessity in daily life, and the 

provider must be quick to address any problems that may 

occur due to the escalating demand for it.[1] One of the 

problems with electrical energy is the dwindling supply of 

fossil fuels as a source of energy, which makes it necessary 

to create new, sustainable alternative energy sources in the 

modern day.[2] Energy created from raw materials that are 

readily available, renewable, and reusable is referred to as 

renewable energy. One type of renewable energy is solar 

power.[3] Due to its constant availability and the absence of 

any waste, solar energy has emerged as one of the most 

significant renewable energy sources[4,5]. On the other 

hand, environmental aspects like ambient and operational 

temperatures have a big impact on the effectiveness, 

productivity, and durability of solar panels.[6,7,8] According 

to studies, only 15 to 20 percent of the solar radiation that a 

solar panel absorbs is turned into electricity, with the 

remainder being lost as heat.[9,10,11] The main energy 

source that will be essential in supplying the future need for 

electricity on a worldwide scale is solar energy. For the 

purpose of harnessing solar energy, modern photovoltaic 

(PV) systems with high electric conversion efficiency are 

crucial.[12] In addition, a number of variables, like the 

strength of the light and the solar panels' operating 

temperature, affect how much electricity is produced by solar 

panels. We therefore require a technique that can increase the 

output power of solar panels.[13] A method for boosting the 

power produced by a PV system is maximum power point 

tracking (MPPT).[14] A solar panel is a device that turns 

solar energy into electrical energy by utilizing the 

photovoltaic effect.[15] The electrical energy produced is 

typically used to power devices, with part of it being 

temporarily stored in batteries. This solar panel system's 

operations may go on through the afternoon, evening, and 

even in the rain because it employs a battery. Photovoltaic 

(PV) technology uses the sun's rays to generate electricity. 

[16] A renewable energy source that can be utilized as a 

stand-alone power source is solar photovoltaic 

technology.[17-19] Integration with the thermoelectric cooler 

also needs solid-state operation, DC power output, 

dependability, and durability. [20-22] With a 25-year 

lifespan, solar photovoltaic systems are taken into 

consideration. By lowering carbon emissions, the utilization 

of solar photovoltaic energy and energy optimization 

promotes long-term sustainability.[23,24] One of the greatest 

options for a variety of applications, including the 

refrigeration of food and the storage of medications, is 

thermoelectric cooling. The Peltier effect states that cooling 

occurs at a junction of two distinct semiconductors (n-type 

and p-type) when a direct current is passed across the 

junction.[25] A thermoelectric cooler (TEC) can absorb and 

transfer heat from one side to the other when it is 

electrified.[26]  A temperature differential between the two 

sides of this PN junction builds up as current travels through 

the electrodes connecting the various semiconductors, as 

seen in Fig. 1. A single PN junction is capable of forming a 

whole TEC. To address the demand for cooling space, TECs 

are always constructed with several PN junctions connected 

in series. [27-29]- 

The high cost and poor energy efficiency of thermoelectric 

cooling are its principal drawbacks. Despite being discovered 

in the nineteenth century, the thermoelectric cooling effect 

did not experience rapid development until the 1950s, when 

the fundamental physics of thermoelectric materials had been 

established.[30].A solid-state, noise- and pollution-free 

device is the thermoelectric (TE) device.[31] We focused on 

the analysis of a Thermoelectric Cooler (TEC) control 

system using Solar Energy in this paper. 

 



 
        Fig1. TEC's operating principle is depicted schematically 

This examination of Thermoelectric Cooler (TEC) control 

systems using solar energy is based on a review of the 

relevant literature as well as empirical research that are 

publicly available across the globe. In order to make our 

analysis based on the background study, we first gathered 

pertinent evidence that either supports or refutes the elements 

described in the introduction section of this work. Our 

research is divided into the following subject areas: 

• Solar-powered Thermoelectric Cooler (TEC) control 

systems and how they function. 

• The electric coolers' operational frameworks, procedures, 

and applications. 

 

These findings in the aforementioned domains form the basis 

of our conclusions, which enable future extensions or 

projections based on requirements or requirements connected 

to the subject of our study. 

subject. 

 

II.  THERMOELECTRIC COOLER WORKING PRINCIPLE: 

The "Seebeck, Peltier, and Thomson effects" underpin a 

typical Thermoelectric Module. 

 

 
                                            Fig 2. Seebeck Effect 

 

• Seebeck Effect 

“When two materials that are different are linked and a 

temperature differential of exists at the junction, the Seebeck 

Effect creates a current and potential difference.This study 

emphasises Peltier's effect also.. [32-33] 

 
                                                  Fig 3. Peltier Effect 

V.  THERMOELECTRIC MODULE: 

Due to their ability to run on electricity produced from waste, 

thermoelectric refrigerators (TER) are a novel and 

environmentally friendly alternative that will be essential in 

overcoming the energy problems of today.[34] 

Consequently, TER are in high demand [35], especially in 

underdeveloped nations where the need for freezers with 

long lifespans and less maintenance is present.[35][36] A 

form of cooling system called a thermoelectric refrigerator 

(TER) is used in a variety of products, including 

machineries, appliances, and medical equipment. The 

cooling device utilized (TEM) is a thermoelectric module. It 

is made up of several cold and hot junctions.[37] Electricity 

is used to heat and cool the residence.  

The quality of thermoelectric materials is generally 
determined by their inherent qualities, which are used to 
select thermoelectric modules.[39] The performance of a 
module is based on a material attribute called the Seebeck 
coefficient. For thermoelectric devices, low thermal 
conductivity materials are necessary to minimize parasitic 
heat flow across each leg.[40] Nanostructures provide 
autonomous regulation of electron and phonon transport.[41] 
Due to the boundary scattering phenomena, the thermal 
conductivity of nanomaterials is extremely low. 
Thermoelectric materials also make superior electrical 
conductors.[40] It will be discovered that the ideal range for 
semiconductor materials' electrical resistivity lies between 
10-3 m and 10-2 m.[39] The variation in resistivity depends 
on the charge carrier concentration and the charge carrier's 
mean free route as a result of surface scattering and 
reflection.[42] 

 

IV. METHODS FOR ENHANCING THE 

PERFORMANCE OF THE COOLING SYSTEM   

When The cooling power output and cooling COP of the 

system, as well as the functionality of the thermoelectric 

modules and the heat sink design, must all be taken into 

account when building a thermoelectric cooling system. As a 

result, COP and cooling capacity must be balanced when 

constructing a thermoelectric cooling system.  [43-51] 

 

 



VI. RELATED WORK  

1. Cheng and Lin, 2005 [52] The physical parameters of 

thermal elements were tuned using genetic algorithms. 

2. Chakraborty et al. (2006) [53] The cooling cycle of a 

thermal element was illustrated using temperature-entropy 

analysis. 

3. Zhang (2010) [54] A general, uncomplicated method for 

optimizing thermoelectric coolers was presented in place of 

the frequently utilized iterative process. 

4. Lee (2013) [55] introduced new dimensionless groups to 

symbolize crucial thermoelectric device parameters.. 

 

VII. APPLICATIONS OF THERMOELECTRIC COOLING: 

As technology develops, more and more fresh uses appear. 

There are numerous thermoelectric cooling applications 

available today. To start, small enclosures, portable iceboxes, 

beverage can coolers, and picnic baskets are all cooled using 

thermoelectric cooling systems in the civil market.[56] 

Second, it has been applied to the cooling of integrated 

circuit chips or laser diodes in scientific, laboratory, and 

medical equipment. Third, the use of thermoelectric cooling 

systems for industrial temperature management, electronic 

device cooling, and other heat dissipation applications has 

increased. [57-59] 

 

 
          Fig 4. Some Examples of Thermoelectric Cooling Applications 

 

Sark (2011) [60] This method was found to boost efficiency 

for roof integrated PV-TE modules by up to 23% while 

increasing annual energy generation by 11.7% to 14.7% 

utilizing commercially available thermoelectric materials. 

The production of thermoelectric power is the technological 

area of this application. On the other hand, the 

thermoelectric module helps to cool the photovoltaic panels. 

 

VIII. CONCLUSION 

In terms of material developments, modeling strategies, 

theoretical underpinnings, and practical applications, this 

paper examines how thermoelectric cooling has changed 

over the previous ten years. For power generation or 

cooling, thermoelectric devices are utilized in this work 

since they are environmentally beneficial. Utilizing TE 

systems can help the world meet its promise to reduce 

pollution and enhance energy conservation.  

The use of TE systems can help the world meet its 

commitment to improve energy efficiency and reduce 

pollution.  

Self-cooling instruments are another use for thermoelectric 

modules, especially in small setups where thermoelectric 

cooling is more efficient than traditional systems. 

Semiconductors, ceramics (high temperature), and polymers 

are some of the thermoelectric materials available, each with 

its own set of properties (flexibility). Because of their high 

ZT values, Bi-Te alloys are commonly used in 

thermoelectric modules. Furthermore, TECs' advantages 

would emphasize their importance in future cooling 

technologies. Some of the papers suggest that Proposal of a 

transient cooling concept involving the introduction of a 

thermal mass and Theoretical proof that transient cooling 

works. This study has made a significant contribution to the 

concept's demonstration. It's important to note that the 

study's example constrains our interpretation. 

The capabilities, guiding principles, and TEG module 

requirements to operate the utilized TEC at peak efficiency 

throughout most of the year are examined in this study. The 

heat demand of TEG systems is usually met with low-

cost/free resources. TEG systems, in addition to PV panels, 

are used to produce solar energy. It should be noted that 

recouping capital in TEG systems takes approximately 6-8 

years. As a result, it is critical to reduce thermoelectric 

material costs. 

Thermoelectric cooling applications, on the other hand, are 

not limited to these fields.  
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