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Abstract— The development of renewable energy is on the 

rise worldwide because of the growing demand on energy, 

high oil prices, and concerns of environmental impacts. In 

recent years, progress on solar-powered air conditioning has 

increased as nowadays, air conditioning system is almost a 

must in every building if we want to have a good indoor 

comfort inside the building. Therefore, this paper focuses in 

the design and construction of a direct current (DC) air 

conditioning system integrated with photovoltaic (PV) 

system which consists of PV panels, solar charger, inverter 

and batteries. The air conditioning system can be operated on 

solar and can be used in non-electrified areas. As we all 

known, solar energy is cost effective, renewable and 

environmentally friendly.  
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I. INTRODUCTION 

Refrigeration is defined as the process of removing heat from 

an enclosed space or from a substance for the purpose of 

lowering the temperature. Refrigeration is closely related to 

the demand for cooling foodstuffs and many other 

commodities as a normal part of commercial domestic life. 

Solar refrigeration is thought of as one of the best alternatives 

to address this issue and it may be accomplished by using one 

of the refrigeration systems: vapor compression, absorption 

or thermoelectric refrigeration system. Before mechanical 

refrigeration systems were introduced, ancient peoples, 

including the Greeks and Romans, cooled their food with ice 

transported from the mountains. Wealthy families made use 

of snow cellars, pits that were dug into the ground and 

insulated with wood and straw, to store the ice. In this 

manner, packed snow and ice could be preserved for months. 

Stored ice was the principal means of refrigeration until the 

beginning of the 20th century, and it is still used in some 

areas. Conventional refrigeration systems use ChloroFluoro 

Carbons (CFCs) and Hydro Chlorofluorocarbons (HCFCs) as 

heat carrier fluids. Use of such fluids in conventional 

refrigeration systems has a great concern of environmental 

degradation and resulted in extensive research into 

development of novel refrigeration technologies. The current 

tendency of the world is to look at renewable energy 

resources as a source of energy. This is done for the following 

two reasons; firstly, the lower quality of life due to air 

pollution and secondly, due to the pressure of the ever 

increasing world population puts on our natural energy 

resources. From these two facts comes the realization that the 

natural energy resources available will not last indefinitely. 

Therefore, the ideal solution would be to use some type of 

renewable energy resource. 

Thermoelectric refrigeration system powered by 

solar photo voltaic (PV) cell generated DC voltage is suitable 

for Indian climate conditions and applicable for rural health 

centers. For utilizing solar energy efficiently and cost 

effectively, proper design of reliable solar devices and system 

have to be attempted to suit the radiation climate and 

socioeconomic conditions. From this perspective, sizing of 

PV system involves finding the cheapest combination of 

array size and storage capacity that will meet the anticipated 

load requirement with the minimum acceptable level of 

security. The information required is including the daily or 

hourly load requirement, peak current and voltage 

characteristics of the solar module, the number of 

autonomous days, the estimated percentage of energy losses 

in the battery and power conditioning equipment, and the 

estimated losses in the array due to module mismatch, cable, 

dust and shading. The thermoelectric refrigerator is a unique 

cooling device, in which the electron gas serves as the 

working fluid. In recent years, concerns of environmental 

pollution due to the use of CFCs in conventional domestic 

refrigerators have encouraged increasing activities in 

research and development of domestic refrigerators using 

Peltier modules. Moreover, recent progress in thermoelectric 

and related fields have led to significant reductions in 

fabrication costs of Peltier modules and heat exchangers 

together with moderate improvements in the module 

performance. It  I now possible to develop an economically-

viable thermoelectric refrigerator which has improved 

performances and the inherent advantages of 

environmentally-friendly silent operation, high reliability, 

and ability to operate in any orientation. Although the COP 

of a peltier module is lower than that of conventional 

compressor unit, efforts have been made to develop 

thermoelectric domestic refrigerators to exploit the 

advantages associated with this solid-state energy-conversion 

technology. 

II. EXPERIMENTAL SETUP AND INSTRUMENTATION 

A. Experimental Setup 

A solar powered thermoelectric refrigeration system consists 

of many components, such as 

 
Fig. 1: Experimental Setup 

The construction set up (Fig 4.1.1) for this system require 

following parts: 

1) Solar panel 

2) Charge controller 
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3) Thermoelectric module 

4) Exhaust fan 

5) Cabinet 

6) Battery bank 

7) Relay switch 

III. EXPERIMENTAL WORKING 

Thermoelectric refrigeration uses the Peltier effect to create a 

heat flux between the junction of two different types of 

materials. A Peltier cooler, heater, or thermoelectric heat 

pump is a solid-state active heat pump which transfers heat 

from one side of the device to the other, with consumption of 

electrical energy, depending on the direction of the current. 

Such an instrument is also called a Peltier device, Peltier heat 

pump, solid state refrigerator, or thermoelectric cooler (TEC). 

They can be used either for heating or for cooling 

(refrigeration), although in practice the main application is 

cooling. It can also be used as a temperature controller that 

either heats or cools. This technology is far less commonly 

applied to refrigeration than vapor compression refrigeration. 

The main advantages of a Peltier cooler are its lack of moving 

parts or circulating liquid, near-infinite life and 

invulnerability to potential leaks, and its small size and 

flexible shape. Its main disadvantage is high cost and poor 

power efficiency. Many researchers and companies are trying 

to develop Peltier coolers that are both cheap and efficient. 

 
Fig. 2: Peltier effect 

A Peltier cooler can also be used as a thermoelectric 

generator. When operated as a cooler, a voltage is applied 

across the device, and as a result, a difference in temperature 

will build up between the two sides. When operated as a 

generator, one side of the device is heated to a temperature 

greater than the other side, and as a result, a difference in 

voltage will build up between the two sides (the Seebeck 

effect). The principle of power generation behind the solar 

cells consists of the utilization of the photovoltaic effect of 

semiconductors. When such a cell is exposed to light, 

electron-hole pairs are generated in proportion to the intensity 

of the light. Solar cells are made by bonding together p-type 

and n-type semiconductors. The negatively charged electrons 

move to the n-type semiconductor while the positively 

charged holes move to the p-type semiconductor. They 

collect at both electrodes to form a potential. When the two 

electrodes are connected by a wire, a current flows and the 

electric power thus generated is transferred to battery banks 

connected to it. Solar charge controller is used to supply 

constant current to batteries. From battery the supply is given 

to the thermoelectric module which produces refrigeration 

effect in the cabinet using peltier effect. So required 

refrigeration effect can be obtained by supplying voltage 

from battery. 

 
Fig. 3: Project setup 

IV. OBSERVATION AND CALCULATIONS 

A. Load calculations 

Specifications of box: 

Depth = 14.0cm 

Width = 14.5 cm 

Height = 21.5cm 

Volume = 16*20*25 = 4364.5cm3 

Capacity = 4.3645=5 liters. 

Cooling capacity required = m*c*dt 

= 5*4.27*(15) 

= 320.25KJ 

= 88.95=90 W. 

B. Module selection 

Number of modules required = 

(Cooling capacity required/Cooling capacity of module) 

Cooling capacity of module = 92 W 

Number of modules required = (90/92) =0.97= 1 Module. 

Hence, 1 peltier module is required to obtain the temperature 

of 10oC inside the cold box. 

C. Calculations 

For the Peltier module used (TEC1-12706), 

Th = 298 K 

Tc = 283 K 

Qc max = 50 W 

ΔTmax = 66 K 

Imax = 6.4 A 

Vmax = 14.4 V 

Where, Th and Tc are the temperatures at hot and 

cold side of the module respectively. Qc max is the cooling 

capacity at cold side of the module when ΔT = 0. ΔTmax is 

the maximum possible temperature difference between the 

cold and hot side of the module when Qc = 0. Imax is the 

maximum input current at Qc= 0. Vmax is maximum DC 

voltage at Qc=0. In the below equations, αm, Km, Rm are the 

device Seebeck voltage, device thermal conductance and 

device electrical resistance under the assumption of all 

identical couple and the unidirectional heat flow. 

𝛼𝑚 = 𝑣max ÷ 𝑇ℎ 

=  14.4 ÷ 298 

= 0.04832/°𝑘 

𝑅𝑚 = (𝑇ℎ − Δ𝑇𝑚𝑎𝑥/𝑇ℎ) × 𝑣𝑚𝑎𝑥/𝐼𝑚𝑎𝑥 
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𝑅𝑚 = (298 – 66/298) × 14.4/6.4 

= 1.7516Ω 

𝐾𝑚 = (𝑇ℎ − Δ𝑇𝑚𝑎𝑥/2Δ𝑇𝑚𝑎𝑥) ×((𝑣𝑚𝑎𝑥×𝐼𝑚𝑎𝑥)/𝑇ℎ) 

𝐾𝑚 =(298 – 66)/(2 ∗ 66)×(14.4 × 6.4)/298 

= 0.5435/°𝑘 

𝑄𝑐 = (𝛼𝑚 × 𝑇𝑐 × 𝐼) − (𝐼2𝑅𝑚/2) − ((𝑇ℎ − 𝑇𝑐)) 
𝑄𝑐 = (0.04832 × 283 × 6.4) − (6.42 ∗ 1.7516/2)        − 

(0.5435(298 − 283)) 

= 43.1151 W. 

𝑊 = 𝛼𝑚 × 𝐼 × (𝑇ℎ − 𝑇𝑐) × 𝐼2𝑅𝑚 

=0.04832*6.4*(298-283)          +(6.42 × 1.7516) 

=76.991 W 

COP = 𝑄𝑐/𝑊 

= 43.1151/76.9981 

= 0.56 

V. CONCLUSION 

Thermoelectric and thermoelectric cooling are being studied 

exhaustively for the past several years and various 

conclusions have been conceived regarding the efficient 

functioning of thermoelectric refrigerators. Thermoelectric 

refrigerators are greatly needed, particularly for developing 

countries, where long life, low maintenance and clean 

environment are needed. In this aspect thermoelectric cannot 

be challenged in spite of the fact that it has some 

disadvantages like low coefficient of performance and high 

cost. These contentious issues are the frontal factors 

hampering the large scale commercialization of 

thermoelectric cooling devices. The solution to above 

problems can only be resolved with the development of new 

techniques. There is a lot of scope for developing materials 

specifically suited for TE cooling purpose and these can 

greatly improve the C.O.P. of these devices. De 4velopment 

of new methods to improve efficiency catering to changes in 

the basic design of the thermoelectric set up like better heat 

transfer, miniaturization etc. can give very effective 

enhancement in the overall performance of thermoelectric 

refrigerators. Finally, there is a general need for more studies 

that combine several techniques, exploiting the best of each 

and using these practically. 
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