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Abstract: There is a wide range of flexibility in using solar energy. An experimental evaluation of a solar-powered
refrigerator with two Peltier modules for its cooling mechanism was carried out in this study. The study was conducted at
Graphic Era Deemed University in the climate of Dehradun. The system ran on solar power during the day and an additional
battery at night to maintain the lower temperatures. The system's temperature dropped from 30.9°C to 16.9°C after 22
minutes and 6 seconds, enabling it to operate for 3.18 hours using an 84W battery pack.
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l. INTRODUCTION

The production of electricity acts as a fundamental
catalyst for a country's economic development. In recent
decades, there has been a growing emphasis among
researchers on renewable energy sources, moving away from
non-renewable alternatives due to increasing pollution,
population expansion, and the limited availability of non-
renewable resources. In the late 18th century, the generation
of electricity from non-renewable sources like coal began,
which was soon followed by a heightened interest in
alternatives such as nuclear power. Nevertheless, nuclear
energy presents considerable dangers to nearby communities
because of its radioactive characteristics, as demonstrated by
the Chernobyl disaster in Kyiv, Ukraine. At present,
researchers are mainly investigating solar energy systems,
which provide a multitude of advantages, including being
cost-effective, environmentally sustainable, and an unlimited
energy source. As a result, solar energy is now applied in
various fields, including heating and cooling through Flat
Plate Collectors (FPC), electricity generation using
Photovoltaic (PV) modules, solar distillation, and
refrigeration, as depicted in Fig. 1.

Various researchers have studied solar energy and the

use of Peltier modules in refrigeration, as detailed in the
subsequent literature review.
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1. SOLAR POWERED COOLING AND
HEATING

Grignafinni et al. [5] performed a case study that
explored solar-powered cooling systems applicable to both
contemporary and historical buildings. The findings revealed
that these structures require a total energy consumption of
465,450 kWh annually for cooling purposes.

Adrian Kerr [6] conducted a theoretical analysis that
concentrated on the climatic conditions of Blenheim, New
Zealand, suggesting a cooling system with a capacity of 35
kW for the city, which is projected to have a payback period
ranging from 15 to 20 years.

Yasiri et al. [7] executed a theoretical investigation that
advocated for the implementation of evacuated tube
collectors and parabolic solar collectors for cooling and air
conditioning applications powered by solar energy in
buildings.

Adenane et al. [8] carried out a numerical investigation
to evaluate the effects of operating parameters, including
temperature, condensation, and evaporation pressure, on
solar-powered refrigeration systems. The coefficient of
performance (COP) was found to be 0.346 for a mixture of
activated carbon and methanol, whereas a combination of
zeolite and water resulted in a COP of 0.0972.
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Salilih et al. [9] performed a simulation study that
examined two scenarios: (1) changes in working saturation
temperature and (2) a constant working saturation
temperature. In scenario 2, the performance metrics of
refrigeration systems improve with higher solar intensity but
decrease during the evening. In contrast, scenario 1 shows
that performance metrics such as cooling capacity and power
consumption diminish, suggesting that the system is more
sensitive in this case.

Sarbu et al. [10] performed a theoretical analysis and
determined that liquid desiccant systems and absorption
cooling systems are more advantageous than solid desiccant
systems and adsorption cooling systems due to their ease of
management, ultimately recommending solar-based cooling
systems.
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Ullah et al. [11] conducted a theoretical examination of
various working pairs, focusing on minimum and maximum
working temperatures, cooling capacity, and coefficient of
performance (COP) for solar-powered cooling systems.

Moria et al. [12] carried out an experimental study on a
solar-based compressor-less refrigerator, employing a Peltier
module for cooling. The cooling side of the module reached
a temperature of 10.6°C, while the hot side attained 65°C.

Ramadan et al. [13] performed an experimental
investigation on a solar-powered refrigeration system
designed for the climatic conditions of Egypt, with the COP
of the system varying between 0.47 and 0.52.
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Fig.1 Block Diagram for Solar Powered Refrigeration Cycle 1. Condenser 2. Refrigerant Tank 3. Expansion valve 4. Evaporator 5.
Adsorbent 6. Heat Exchanger 7. Insulation [4]

» Solar Powered Cooling and Heating:

Grignafinni et al. [5] performed a case study on solar-
powered cooling systems applicable to both contemporary
and historical buildings, indicating that an annual energy
requirement of 465,450 kWh is essential for cooling these
edifices.

Adrian Kerr [6] conducted a theoretical examination of
the climatic conditions in Blenheim, New Zealand,
suggesting a 35 kW cooling system for the city, with a
projected payback period ranging from 15 to 20 years.

Yasiri et al. [7] executed a theoretical analysis,
advocating for the implementation of evacuated tube
collectors and parabolic solar collectors for cooling and air
conditioning systems powered by solar energy in buildings.
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Salilih et al. [9] carried out a simulation study that
explored two scenarios: (1) Variation in working saturation
temperature and (2) Fixed working saturation temperature. In
the second scenario, the performance parameters of
refrigeration improved with increased solar intensity but
diminished in the evening. Conversely, in the first scenario,
performance metrics such as cooling capacity and power
consumption decreased, indicating a higher sensitivity in this
instance. Sarbu et al. [10] conducted a theoretical analysis,
claiming that liquid desiccant systems and absorption cooling
systems are more advantageous than solid desiccant systems
and adsorption cooling systems due to their ease of handling.
They ultimately advocated for the implementation of solar-
based cooling systems as a final recommendation.
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Ullah et al. [11] performed a theoretical analysis on
various working pairs, including the minimum and maximum
operating temperatures, cooling capacity, and coefficient of
performance (COP) for solar-powered cooling systems.
Moria et al. [12] executed an experimental investigation on a
solar-based, compressor-less refrigerator, employing a Peltier
module for cooling. The cooling side of the module reached
a temperature of 10.6°C, while the hot side attained 65°C.
Ramadan et al. [13] conducted an experimental study on a
solar-powered refrigeration system designed for the climatic
conditions of Egypt, with the COP of the system varying from
approximately 0.47 to 0.52.
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» Thermoelectric Cooling:

The Peltier effect was initially identified by the scientist
J.C.A. Peltier during the mid-18th century. This phenomenon
demonstrates that when an electric current passes through two
distinct materials, thermal energy is absorbed at one junction
while it is released at the other, leading to cooling and heating
on opposite sides of the materials. Figure 2(a) presents a
systematic diagram of the Peltier effect. This effect is
illustrated in the Peltier module shown in Figure 2(b), which
is composed of N-type and P-type semiconductor materials.

COLD SIDE

HOT SIDE

Fig.2 (a) Systematic Diagram of Peltier Effect (b) Peltier Module (TIC 12073)

Sahu et al. [14] carried out an experimental
investigation using a Peltier module for cooling applications.
The system's coefficient of performance (COP) was found to
be 0.458, with a temperature decrease of 12°C recorded in the
system utilizing the Peltier module.

Anu Nair [15] performed a theoretical examination of
cooling systems based on Peltier modules, emphasizing the
various benefits of these modules as cooling devices. A
review of the current literature reveals that extensive research
has been conducted on solar-powered refrigeration systems;
however, there is still a critical need for additional
exploration in this field.

The author pointed out that no experimental studies
have been documented regarding a Peltier module-based,
compressor-free mini solar-powered refrigerator. To fill this
void, a simulation study has been executed.

» Setup Specification:

The research employed a Peltier unit TIC 12073, which
has a power rating of 20 watts. A heat sink with dimensions
of 7.5 cm x 8 cm x 4.5 cm was utilized, along with two
cooling fans that each consume 2.16 watts on the hotter side
to effectively dissipate heat. Insulation was accomplished
using Thermopolis and aluminum foil on both the outer and
inner sides of the refrigerator to minimize thermal losses to
the surrounding environment. A 160W solar panel from
Exide was used to power the refrigerator, complemented by a
12V DC battery that acts as an additional cooling source and
can be charged by the solar panel. Lastly, a 6 Amp ON-OFF
switch was installed to manage the power supply from the
solar panels to the refrigerator as required. The outer and
inner dimensions of the system are presented in Table 1,
while the circuit diagram of the refrigerator setup is depicted
in Fig. 3.

Table 1 Dimensions of the Refrigerator

Outer length (cm) 30
Outer Width (cm) 20
Outer Height (cm) 21
Inner length (cm) 25.5
Inner Width (cm) 15.5
Inner Height (cm) 8
Volume (L) 3.162
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Fig.3 Circuit Diagram of the Experimental Study
1. RESULTS AND DISCUSSIONS

Table 2 displays the complete data gathered from the experiment; the refrigerator's starting temperature was noted at 30.9°C,
which fell to 16.9°C over a period of 22 minutes and 6 seconds.

Furthermore, Fig. 4 depicts the entire temperature fluctuation in relation to time.

Table 2 Data Obtained from Experiment

Reading | Sample |Starting Time| Duration |Max time| Max Average [Mintime| Min Result End
Temp Temp Temp Time

1 30.9°C 26:02 00:12 26:02 30.9°C 30.5°C 26:1 29.7°C Stable 26:15
2 29.6°C 26:15 00:07 26:15 29.6°C 28.9°C 26?:2 28.4°C Stable 26:22
3 28.3°C 26:22 00:08 26:22 | 28.3°C | 27.8°C 2&:3 27.2°C | Stable | 26:31
4 27.1°C 26:31 00:18 26:32 27.1°C 26.5°C 26(3):4 26.1°C Stable 26:49
5 26.0°C 26:49 04:39 29:23 26.6°C 26.1°C 3f:2 25.0°C Stable 31:29
6 24.9°C 31:29 00:08 31:29 24.9°C 24.4°C 3?:3 24.0°C Stable 31:38
7 23.9°C 31:38 00:17 31:38 23.9°C 23.5°C 317:5 23.0°C Stable 31:55
8 22.9°C 31:55 00:45 31:55 22.9°C 22.4°C 3;:3 22.0°C Stable 32:41
9 21.9°C 32:41 01:02 32:43 22.1°C 21.7°C 33?:4 21.0°C Stable 33:43
10 20.9°C 33:43 00:17 33:43 20.9°C 20.4°C 3??:5 20.0°C Stable 34:01
11 19.9°C 33:.01 00:28 34:01 19.9°C 19.4°C 34?:2 19.0°C Stable 34:29
12 18.9°C 33:29 01:29 34:34 19.0°C 18.3°C 355:3 17.9°C Stable 35:58
13 17.8°C 35:58 03:30 39:27 18.8°C 17.6°C 386:4 17.2°C Stable 39:29
14 17.4°C 39:29 00:06 39:35 19.8°C 19.3°C 35:2 18.9 Stable | 39:36
15 17.4°C 39.36 00:17 39:40 20.4°C 19.7°C 33:5 19C.0 Stable 39:53
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1 °C
16 17.3°C 39:53 00:44 39:53 18.9°C 18.5°C 40:3 18.0 Stable 40:37
5 °C
17 17.1°C 40:37 00:24 40:38 18.0°C 18.0°C 40:3 19.9 Interval | 41:02
7 °C
18 17.0°C 41:02 03:48 42:35 18.1°C 17.5°C 44:3 17.0 Stable 44:51
3 °C
19 16.9°C 44:51 0.:17 48:05 17.5°C 16.9°C 46:3 16.6 Stable 48:08
4 °C
20 16.9°C 48:08 00:00 Stop 48:08
Calculations
Voltage supplied 12V DC
Voltage across Peltier module — 6V
Current drawn from battery — 2.2A
Power at one Peltier module = 6x2.2 = 13.2W
Power at Fridge with 2 Peltier module = 2x13.2= 26.4W/hr.
Capacity of battery 84W then operable time for Refrigerator = 84/26.4= 3.18hr.
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Fig.4 Variation in Temperature of Refrigerator w.r.t TimE
v. CONCLUSIONS REFERENCES

Upon completing the experimental study, several

conclusions were drawn:
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The Peltier module is suitable for refrigeration
applications; however, further improvements are required
for its implementation in larger refrigerators.

The refrigerator is capable of operating for 3.18 hours
when utilizing two Peltier modules.

The operational duration of the refrigerator can be
prolonged by integrating a larger battery into the system.
A temperature difference of 14°C was noted during an
operational time of 22 minutes and 6 seconds.

The lowest temperature recorded during the study was
16.9°C.
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