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Abstract

This summary discusses the use of Peltier devices also known as thermoelectric generators in cooling
systems powered by solar panels. A Peltier device is a semiconductor device that can generate
electricity from heat. By placing them on a solar panel that absorbs sunlight, a temperature difference
is created in the device that creates an electric current that can be used to generate electricity. The
technology is still in development but shows potential to replace cooling systems. This article explains
how Peltier devices work, their integration with solar panels, and their potential for use in refrigerators.
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Introduction

Peltier-based cooling uses a Peltier machine (also known as an air conditioner) to transfer heat from
one side of the device to the other, creating a temperature difference that can be used to cool an area
or object. Peltier devices consist of semiconductor devices that transfer heat from the hot side to the
cold side when electricity is applied. In the cooling system, while the Peltier unit is in thermal contact
with the area or product to be cooled, the side is cooled by a radiator and fan. This causes the
temperature of the object or surface in contact with the device to drop. Peltier-based cooling systems
are often used in electronic products such as air conditioners, small refrigerators, and CPU coolers.
They can be energy efficient alternative to traditional refrigerators as they do not rely on chemical
refrigerants, but they are weak and not suitable for cold temperatures. Solar energy is the conversion
of solar energy into electricity using direct photovoltaic (PV), indirect solar energy, or a combination
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of these. Solar radiation technology uses lenses or mirrors and sun tracking systems to focus a large
area of sunlight into small beams. Photovoltaic cells convert light into electric current using the
photovoltaic effect. From the calculator used by a solar panel to the remote homes used by off-grid
rooftop photovoltaic systems, the Photovoltaic was initially used only as an energy source for small
and medium-sized use. Commercial concentrated solar power plants were first built in the 1980s. As
the cost of solar power down, the number of grid-connected solar PV systems reached the millions
and hundreds of megawatts of power-hour PV equipment were built. Solar photovoltaic’s are fast
becoming a low-energy technology to harness renewable energy from the sun.

Literature Review

A literature review on Peltier-based solar refrigeration systems would examine existing research and
studies on the use of Peltier devices in combination with solar energy for refrigeration applications.
This would include an analysis of the performance and efficiency of Peltier- based solar refrigeration
systems, as well as their potential advantages and disadvantages compared to traditional refrigeration
systems.

Some studies have found that Peltier-based solar refrigeration systems can be more energy-efficient
and sustainable than traditional refrigeration systems, as they utilize renewable solar energy and do
not rely on chemical refrigerants. These systems can also be cost-effective for remote or off-grid
locations where access to power is limited.

However, Peltier-based solar refrigeration systems also have some limitations. They are dependent on
the availability of sunlight, and their performance may be affected by weather conditions such as cloud
cover or shading. Additionally, Peltier-based solar refrigeration systems may not be able to achieve
the same cooling capacity as traditional refrigeration systems, and they require the integration of solar
panels, Peltier devices, and thermal storage systems which can be complex and challenging.

For example, research has been conducted to increase the efficiency of Peltier-based solar cooling
systems by developing advanced materials and designs to make Peltier devices efficient and effective
thermal storage capacity. Other research has focused on integrating Peltier-based solar cooling systems
with other renewable energy sources such as wind or geothermal energy to create more energy efficient
and stable hybrid air conditioning systems.

Overall, the literature review shows that Peltier-based solar cooling systems have the potential to be
a promising alternative for cooling, especially in remote or indoor low-voltage grid. However, more
research and development is needed to increase their efficiency and effectiveness and make them
suitable for large-scale use.

Kshitij Rokde et.al (2017) discussed Peltier-based eco-friendly smart refrigerators for rural areas
explains that by increasing the number of peltier panel modules, the efficiency of solar panels can be
increased, ultimately helping to lower the temperature in less time.

Chetan Jangonda (2016) focused on A review of the various applications of thermoelectric modules
identifies refrigeration as a new addition to refrigeration. Compact dimensions, no friction, no coolant
required.

Jatin Patel et.al (2016) illustrate the development of the thermoelectric cooler coefficient of
performance (COP) explains this research, which seeks to explore the performance of single-stage and
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multistage TEC air-cooling modules. The temperature difference is easily achieved in single-phase TE
modules, but the officers of single-phase modules are too small for home use. In many TE modules,
the required power can be achieved with better thermal performance.

Awasti et.al (2012) describes the design and development of a thermoelectric refrigerator describes a
52 minute storage time completed in this project using the Design Module. We offer another option
for a longer storage time. This includes additional heat from the radiator.

D.Suman et.al (2020) explained the design and manufacturing of the thermoelectric refrigerator using
peltier modules explains that the performance and longevity of the Peltier refrigerator is maximized by
the use of water bags, and the temperature is controlled by anelectronics variable and
we keep the leftover goods on demand.

Jose Armando (2018) describes designing a photovoltaic system to protect refrigerators using
thermoelectric peltier cooling. Also explain the design and construction of a solar powered peltier
refrigerator.

Methodology

The approach to a Peltier-based solar cooling system will involve several steps, including design,
integration and testing. The steps are as follows:

Design: Design the Peltier-based solar cooling system will begin with the selection of the appropriate
Peltier material, solar panel, electrical equipment, and cooling equipment. This will involve
considering factors such as cooling capacity, energy efficiency and cost.

Grouping: When items are selected, they are placed in a grouping. This will include connecting the
solar panel to the Peltier device and thermal storage, and connecting the cooling device to the Peltier
device.

Testing: The system will then be tested to measure its performance and effectiveness. This will include
measuring the cooling capacity, energy efficiency and energy efficiency of the system. The system
will also be tested in various weather conditions and at different times of the day to evaluate its
performance in different sunlight conditions.

Optimization: According to the test results, the system can be optimized by adjusting the design and
integration. This can change the size of the solar panel, the thermal storage capacity, or the size of the
cooling equipment.

It is important to note that this is an overview of the approach to Peltier-based solar cooling systems,
and details may vary depending on the system's particular application and process design. Figure 1
also shows how the Peltier module works consult an electrical, solar and refrigeration professional to
ensure safety and compliance with regulations and standards law.
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Design of Experiment

Peltier-based solar cooling systems generally have three main components: solar panels, Peltier
devices, and thermal storage. Design will begin with the selection of these products based on cooling
capacity, energy efficiency and cost.

Solar panels will be selected based on their electrical characteristics and efficiency and sized to meet
the power requirements of the Peltier device and air conditioner. Peltier material will be selected
according to temperature difference and coefficient of performance. The regenerator will be selected
according to its energy storage capacity and thermal conductivity.

Once the design is finished, an evaluation is made to evaluate the effectiveness and efficiency of the
system. This will include analyzing the energy consumption and cooling capacity of the system under
different weather conditions and at different times of the day.

It also deals with the analysis of thermal storage capacity and the performance of systems and the
operation of Peltier devices in different temperature gradients. The main components of the Peltier-
based solar cooling system are:

Solar panel: used to collect solar energy and convert it into electricity, uses the energy to the Peltier
device

Peltier device: used as the dependent side of the device Heat exchanger, on the other hand, which can
be used to cool a place or equipment creates a temperature difference.

Thermal accumulator: Used to store excess solar energy from solar panels and release it when needed
to power the Peltier.

Air conditioning equipment: There is a cooling fan or cooler and fan to dissipate the heat produced
by Peltier devices and control the temperature of different parts of the equipment.

Control unit: It consists of control circuit, sensor and electronic components such as temperature
control, control and monitoring of body work.

It is important to note that this is an overview of the design, analysis and features of a Peltier-based
solar cooling system and those specific details may vary depending on the particular application and
design of the system.

Calculation of cooling and power load

Dimensions of the refrigeration chamber Length*breadth*height = 35*27.9*20 cm?,
Therefore, Volume of the box = 14 m?,

We calculated two types of loads

UGC CARE Group-1, 105



Industrial Engineering Journal
ISSN: 0970-2555
Volume : 52, Issue 7, No. 3, July : 2023

e >
ey

Heat absorbing load in cabin

Heat rejection load through the outside heat sink fan.

We calculate the total energy required to absorb the heat of the 14 m® box at an outside temperature of
35°C.

Heat absorbing load in cabin

So heat-absorbing load is given by:

Heat absorbing capacity (Q) is equal to the product of mass of the air box (m), specific heat of air (Cp) and
temperature difference between ambient (Tamb), cooling box (Tc).

Q =m*Cp*(Tamb - Tc) ...... 1)

So first calculated mass of the air in the box,

Mass = Density X volume ..... (2)

=1000X0.014 =14 kg

From equation (1) & (2)

Q=m X Cp X (Tamb -Tc)

=14 X 1.2 X (35-15)

=1172.36 KJ = 336 watt-hrs

=336/2hrs =168watt

Therefore, 168 watts are required for every 2 hours. In other words, to reach 15°C, we need to absorb
all 163-watt heat sinks in a 14 m® container. We choose 4 Peltier modules at 168 watts. Requires a
load of 40 watts per Peltier to cool to 15°C

Heat rejection load through the outside heat sink fan
We choose 0.6 amp 12 v radiator fans to cool all max per Peltier. 7.2 watts, Four Peltier total cooling
max. 28.8 = 30 watts at 15°C remove heat from a 14m?® box.

Peltier Module
For above calculation of cabin load for per Peltier, we required 40 watts and 12v dc supply 3.33 amp
current for this amount of power. TEC112706 Module Peltier as shown in fig. 2.

.
s
2%

Fig.2. Peltier Module.
Heat Sink Fan:
We chose a 0.6 amp 12 v cooling fan. The has a total maximum power of 7.2 W/Peltier for cooling. A
total of 4 Peltier’s with a maximum lifting power of 28watt. A heat sink fan is used to reject heat from
the cooling chamber to the atmosphere. Fig. 3 is the of Heat sink fan which is used to eject heat from
cabin.
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Fig. 3 Heat Sink Fan
Heat Sink: Heat sink increase the rate of heat transfer hence we get cooling effect in faster way. Here
we used two heats sink bigger one at hot side and small one is at colder side of Peltier module. Fig 4a
is the heat sink at hotter side and Fig 4b is the heat sink at colder side.

Fig.4 Heat Sink
Lead acid battery capacity = Total Load / Battery Voltage
=193/12

=16.08 Ah

We choose an 18 Ah 12v battery to run this refrigerator.
Solar panel: Here choose solar panels to charge the battery. Need to charge the battery in 4 hours =
18Ah/4h =45 =5A

5A X 12V = 60watt, so we choose 80 watt solar panel.

Required for functioning the work need solar panel is 60W but here selected solar panel is 80W. Figure
(5) shows the Solar panel that is selected for Project which has its specifications mentioned.
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r Fig 5 Solar Panel

Temperature controller
We used STC 1000 is highly functional thermostat controller. Temperature Controller is used to save
power, the system will automatically turn off as it achieves 15°C. Tablel. shows the specification of
Temperature Controller and Fig 6. shows actual image of Temperature Controller that is selected for
Project.

Table 1. Specifications of Temperature Controller
Parameter Range

Model STC 1000
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TEMP RANGE -50t0 99°C.
Power supply 12 volts
Dimensions 75X34.5X85mm

Fig. 6 Temperature Controller

Refrigeration chamber
Here we select 14 liters of polyurethane foam insulated plastic ice box having size 25 by 27.9 by 35.2
cm. Fig 7 shows the image of refrigeration chamber used for cooling purpose.

Fig.7 Refrigeration Chamber

Mounting structure
For mounting structure, we made a frame using mild steel angle pipe and then manufacture in the table
form having two sections each for refrigeration chamber and battery and other components. The top
side of the structure arrangement is made to mount solar panels having 30° inclinations as solar panels
extract maximum power at an optimum angle of 25-30 degree. So here we selected a 30° inclinations
and solar panel facing to the north to south side. Fig. 8 shows the image of mounting structure which
is used to mount all components over and inside it.

Flg 8 MbUntlng StrUéture
Solar charge controller
Fig. 9 is the image of solar charge controller which is used for protecting battery for overloading
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Fig 9 Solar charge controller
Circuit design and connections

The Peltier module is connected to the cooling fan at the same time, and its output is connected to the
cooling sensor of the air conditioner. The battery terminals are connected to the thermometer's power
terminals via a neutral switch that turns the system on and off and acts as an emergency
switch. The battery is directly connected to the solar panel, bypassing the solar control function to
avoid overcharging. Fig. 10 shows a schematic diagram of how electrical equipment is connected.

Solar Radiation

'R

Solar Panel

Charge
Controller

Fig. 10 Circuit Diagram

Working

Solar panel is use to generate electricity from sun and then charge battery in between solar panel and
battery there is solar charge controller is provided to protect battery from overcharging then battery
output is connected to Peltier modules and heat sink, heat sink fan through temperature controller.
Temperature Controller is used to turn on and off the system at set temperature which is set by an user.
When the current goes in Peltier module it will started cooling at cabin inner side which is use for
refrigeration purpose. Fig. 11 shows the overall assembly of model and this is the final design of
project.
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Figll1l.Overall Assembly
Results
Table 2 shows the result of cooling test that is performed to find out total time required to achieve
cooling target.

Sr. No. Time (min) Temperature
1. 00 32
2. 55 30
3. 105 27.6
4. 160 26
5. 210 23.2
6. 260 19.6
7. 326 15
Total 5.43 Hrs

Fig. 13 shows the graphical representation of cooling time required to cool or reduce the temperature
inside the cabin in hours.
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Table 3 shows the result of time required to charge 18AH battery using 80watt solar.

Sr. No. Time(min) Battery %
1 0 0
45 20
105 40
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4 150 60

5 210 80

6 267 100
Total 4.37 Hrs

COP Calculation
Coefficient of performance (COP)=Refrigeration effect (RE)/ Work done (WD)
Now, RE= (mXCpXAT)/Time
So here, m=14kg, Cp of air =1.005x10%, AT = 20°C, Time taken=326 minutes
Now, RE= (14X1.005X10° X20) / (326X60) = 14.38watt
Now, Work Done (WD) =V X |
= (12X4) =48watt
COP=RE/WD =14.38/48=0.3

Conclusion

From the above, we conclude that Peltier- based solar cooling systems are promising in having the
ability to be cost-effective and effective for other cooling systems. Future developments in this area
may include. The coefficient of performance of peltier based refrigeration system is in between 0.3 to
0.7 hence to improve the efficiency to adapt various materials of peltier module.

This may include the development of new materials and designs so that the temperature exceeds the
operating coefficient and differential of the Peltier device. Improving the integration of Peltier-based
solar cooling systems with other renewable energy sources will include the development of hybrid
systems that combine Peltier-based solar cooling with other renewable energy sources such as wind or
electric power to create a sustainable and efficient system. Cooling capacity enhancement will include
the development of new cooling products and designs to increase the cooling capacity of the hull and
make it suitable for larger forms. Also it includes the use of automation systems, Internet of Things
(10T) devices and data analytics to optimize time efficiency and effectiveness.

Development of cheaper, compact and portable Peltier-based solar cooling systems will include the
development of small systems suitable for remote or remote locations, including home.

Overall, the future of Peltier-based solar cooling systems is to continue to improve their efficiency,
effectiveness and reliability while making them easier to use, more practical and suitable for many
uses.
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