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A wide interest has been shown in the application of solar energy in recent times. This motivated the researchers to make a
development in the approach of solar energy, but there are different technologies like MPPT, CPG, and grid mode that have
been used to maintain a constant temperature. Among these, phase change material has been used to regulate the temperature
in the system. Solar energy is becoming an essential approach for increasing the efficiency of thermal energy conversion and
utilizing polymeric step change composites, which have attracted extremely large interest in recent years due to their
advantages of high energy density and powerful energy output stability. A plethora of reviews and reports have been published
to compile the diverse range of PCMs made available for various applications. PCMs are created by improving thermophysical
thermodynamic stability, latent heat, and heat capacity. Furthermore, the possible applications of polymer phase PCMs in a
variety of fields, such as energy storage devices, thermal corrective action, and temperature-controlled drug carriers, are
detailed. In this paper, a novel approach on the advancement of nanoconfined phase change material is defined along with the

application of the solar energy system.

1. Introduction

The major issues that were faced in the world are environ-
mental problems and the energy crisis, and this has to be
addressed. The fuel price increases when there is a continu-
ous rise in the power consumption level, and the main driv-
ing force of the emission of greenhouse gas is the effective
use of renewable energy sources. Consumption of electricity
increased by 1.5 percent globally in 2018 compared to 2017
[1]. Many studies have been undertaken on global power
usage and production, and these topics have been exten-
sively addressed. The consumption of renewable energy

has become one of the answers to greenhouse emissions,
and as a result, sustainable energy programs have been
adopted in many areas. Professional possibilities include rapid
commercial improvement for the advancement of societies
around the world, which results in a rapidly rising energy con-
sumption. The majority of power usage used coal and oil
which are finite and cause significant carbon pollution.

As a result, efficient energy consumption has become a
key concern, prompting a shift in the tendency towards the
use of solar and wind resources. Energy production, for
example, is unlimited, long-term available, readily available,
and ecologically acceptable, making it a useful replacement
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to coal and oil [2]. Heat transfer is more efficient than latent
heat storage because it gives a significantly higher efficiency
with a smaller temperature gradient while absorbing and
releasing energy. Thermo-chemical, sensitive, and heating
value storage is all types of TES that use the shift of stored
energy inside the storage devices. Thermal energy storage
(TES) is a viable way to solve this issue, and it is currently
being developed at a rapid pace. The adoption of TES
enhances the general performance and greatest degree possi-
ble of renewable energy power-producing applications [3].

The impacts of convective heat transfer during the phase
separation of petroleum ether in a plate heat exchanger were
experimentally studied. The dissolving front is developed at
different periods near the HTF (heat transfer fluid) pipe
and moved at varying rates outside, toward the shell, accord-
ing to the researchers. They discovered that changing the
inlet temperature of water from 70°C to 80°C closes out ther-
mal decomposition time by 37%. The phase transition and
crystallization of a wax in a shell and tube heat exchanger
with HTF cycling within the tubes and PCM overlaying
the shell side were investigated for various performance
parameters and device characteristics.

When fossil fuels are used for energy, undesired chemi-
cals are released into the atmosphere, resulting in increased
fossil fuel emissions [4]. The long-term viability of energy
production is jeopardized due to lack of resources and per-
manent fossil-fuel combustion. To address the concerns of
rapidly rising consumption of nonrenewable fossil fuels
and rising emissions while also ensuring the survival of life
on earth, the researchers are working to develop new power
generation, transformation, and storage systems. Because of
changeable power production, environmental procedures,
and large amounts of energy stores, regenerative techniques
of energy storage applications have gotten a lot of interest in
this area. Solar, wind, mechanical, hydrothermal, and other
renewable resources are being used to replace traditional
oil and coal sources of power [5]. Considering the lack of
radiation from the sun during the nighttime and mother
nature’s transmission losses, the effectiveness of solar energy
consumption is heavily reliant on the energy storage mecha-
nism. Power in many kinds, such as wiring, robotic, and
solar energy, can be maintained in a variety of ways.

Pumped hydropower storage (PHPS), flywheels, and
storage systems can all be used to store mechanical energy
(CAES). PHPS and CAES are the best pneumatic and
hydraulic systems for large-scale facilities; nevertheless, fly-
wheel energy can be employed for limitations or restrictions.
This stored energy can be employed when the grid’s power
source is unavailable [6]. Thermal energy is then stored in
a variety of ways, including heating, latent heat, thermo-
chemical energy, or a mixture of these. Sensible radiant heat
storing is a type of TES which shows the significant changes
in heating between charging and discharging operations.
Sensible radiant heat retention is a type of TES which shows
the significant changes in thermostat between charging and
discharging operations. The specific heat is an indicator of
the amount of heat stored as a result of the accumulation
of substance and temperature variations. PCM characteriza-
tion for better usage in SWHs, establishment of a novel
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SWH that can be combined with the PCMs, long-term eval-
uation of the performance, and standardization of the SWHs
for sale are all technical challenges [7]. It is worth noting that
the economic viability includes expenditure analyses in var-
ious areas across the world, as well as the provision of subsi-
dies, particularly in nations with plentiful solar radiation.

2. Literature Review

The crystallization operations of wax RT35 as phase transi-
tion materials in a finned tube are investigated in an exper-
imental study. As a result, the impact of utilizing fins in this
study, as well as several operational characteristics, is taken
into account. The goal of this research is to design and
build a unique shipping container that will be compared
to a finless heat transfer. The effect of changing the inlet
pressure and temperature rate on the charging and dischar-
ging processes of the exchanger is investigated in a series of
experiments. It has been demonstrated that utilizing fins in
the phase transition process improves the crystallization
processes. This is defined as the investigation of phase
change inside a finned-tube heat exchanger experiment
proposed by [8]. The tendency of this fluctuation is various
for heat pumps; for the bare tubular heat exchanger, boost-
ing the temperature difference more efficiently reduces
melting time.

The test of a phase change material in thermal perfor-
mance is proposed by [9] with the cool roof system by a
scaled model. Cool roofs in general are excellent at reducing
thermal loads, but they have an issue with rising heating
load. As a result, the purpose of this research is to use phase
change features of phase change material to compensate for
the shortcomings of the cool roof system (PCM). The inves-
tigation was conducted to verify the heat transfer perfor-
mance of the PCM cool roof structure by monitoring the
temperature on the horizontal and vertical of a tiny model
(666 mm) [10]. PCM was added and not introduced, and
the surface temperature between the cream-colored finish
colors was evaluated. As a result, the degree of the surface
of the plate when using PCM was lower than that when
not using PCM, and there was a temporal lag in heat growth.
When comparing temperature distributions based on finish
color (brown vs. white), white demonstrated a low tempera-
ture profile of up to 16.35°C. White had a lower thermal
performance of 5.40°C than brown even at ambient temper-
ature. The employment of the PCM cool roof structure in
roofing finishes might reduce the temperature rise and keep
the interior temperature low.

There are different methods involved in the solar cells,
and [11] proposed a method on recent advances in dye-
sensitized solar cells. Energy production is a plentiful and
freely obtainable renewable resource on the planet, and
numerous types of photovoltaic (PV) devices, such as
organic, inorganic, and hybrid cells, have been produced to
harness it. Photovoltaic modules transform solar radiation
to electricity without causing environmental harm. Despite
the fact that hydrogel solar cells (inorganic cells) are nor-
mally strong and good, they are inflexible and expensive to
manufacture. To circumvent these drawbacks, researchers



International Journal of Photoenergy

have concentrated on organic solar cells. The performance of
DSSCs, which are made up of a sensitized transistor (photo-
electrode) and a catalytic cathode (counter electrode) with a
solution sandwiched across them, is determined by a variety
of parameters. DSSCs have achieved a maximum electrical
conversion efficiency of 11.1 percent so far, which would still
be low for industrial use. The working concept, factors
impacting performance, and main issues confronting DSSCs
are all examined in this paper.

The environmental protection of the solar energy is pro-
posed by [12]. People consumption of energy resource dis-
tribution has always been a core matter of all living beings,
and attempting to obtain one immortal source of power
has long been a human goal. Researchers and experts feel
that using pure energies such as photovoltaic, turbine, and
thermal ground energy, among others, rather than oil and
coal technologies, will obstruct conservation efforts. In this
way and around two decades after the introduction of the
Photo voltaic cell into the public arena of producing energy,
the close bond between strategy and resource utilization has
led to the conclusion that there really is no place for finan-
cially explaining arguments and searching for ways to use
sun’s radiation and generated power.

An experiment study on the performance of a novel
solar water heating system is proposed by [13] with and
without PCM. By utilizing phase change materials (PCMs)
for heat storage and inserted oscillation heat pipe (OHP)
for improving performance, a unique solar water heating
system (SWHY) effective in decreasing the influence of radi-
ation from the sun intensity changes has been fabricated.
Depending on the strength of solar irradiance in changing
seasons and climate circumstances, several working styles
can be chosen. A testing machine has also been built to eval-
uate the study’s validity. For a few years in a row, full-year
measurements in a variety of environmental situations have
been taken out in Nanjing, China [14]. The performance of
the system was tested and compared between the systems
with and without PCM, including collecting efficiency
(CE), mean collecting effectiveness (ACE), coeflicient of per-
formance (COP), and exit water temperature (EWT). Under
comparable system parameters, the device with PCM is
shown to perform significantly better. CE variation with
PCM is over 30% lower during the day than that without
PCM. EWT with PCM may maintain a temperature of above
50°C at night in the summer, whereas EWT without PCM
has a noticeable drop. At night in the winter, COP with
PCM is greater than 3.0, allowing EWT to reach 50°C in a
substantially lesser duration than that without PCM.

3. Methodology

The research is about generating the power from the solar
energy using the phase change material (PCM). Most of
the research uses the CGPT and MPPT to generate the
power from the solar energy, but they have several issues
involved in generating the solar power; among these, the
main issue is regulating the power. So, to overcome this
issue, different research studies were developed; among
these, PCM plays an important role in regulating the tem-

perature. In this research, the advancement in the PCM
method is used to regulate the temperature; hence, the
power could be generated and used for the different pur-
poses. Overview of PCM and power generation from the
solar system is discussed in this section.

3.1. Advance Phase Change Material. Phase change material
has expanded more interest over the research, and this pro-
duces the importance of the energy. The following is one of
the categories, types, and approaches that will be covered.
PCMs are divided into four main categories based on their
phase transition: solid-liquid, solid-solid, liquid-gas, and
solid-gas [15]. Solid-liquid PCMs are the best for storing
heat energy between these four types, and they come in inor-
ganic and eutectic forms, as illustrated in Figure 1.

Although it may be employed at a wide variety of cli-
mates and has a strong melting temperature, wax counts as
a PCM. Paraffin can also be frozen without having to be
supercooled. As a result, the most expensive, practical, and
extensively utilized PCM is thermoset paraffin wax. Fatty
acids are capable of replicating melting and being frozen
with no or little crystallization [9]. The expense of saturated
fats, which can be 2.0 to 2.5 twice those of petroleum ether,
is one factor that prevents them from being used, since their
heavy metals have not been a viable contender for PCM.
Nevertheless, due to their strong heat conductivity and
latent heat of reaction per cubic meter, metals are plausible
rivals when quantity is considered.

Organic compounds, in their broadest sense, refer to any
material found in nature. The majority of organic materials
have carbon-hydrogen bond mixtures that are associated
with living organisms. There are two types of organic PCMs:
petroleum and nonparaffin. Organic compounds have a con-
stant freezing characteristic, which means they may melt and
freeze repeatedly without losing their hidden melting tem-
perature. They are also highly stable, self-nucleating, and
generally reusable.

Thermal properties of different kinds of organic and
inorganic materials are listed in Table 1. The beneficial attri-
butes and characteristics of the selected materials are as fol-
lows. However, the low thermal conductivity of organic
PCMs in a solid form and the significant thermal expansion
necessary during the solidification stage are disadvantages.
The bulk thermal energy storage capacity of organic PCMs
is poor; however, the flammable condition can generally be
avoided by the well design. The paraffin fabrication process
[16], on the other hand, is extremely costly [17]. Another
disadvantage is that the manufacturers use paraffins, which
are a structured paraffin mix that may be rather costly.

3.2. Solar Energy Production Using PCM. The solar energy is
the most popular source which has been used in the house-
hold, and this offers certain benefits and annual investments.
There are different types of solar energy such as photovol-
taic, solar thermal, and solar organic system. In this study,
the generation of power involves the use of phase change
material (PCM) to store energy and regulate the tempera-
ture. Due to the potential of dispatchability, they are used
on great demand, making them more competent and cost-
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TaBLE 1: Thermal properties of different kinds of organic and inorganic material.

Composition of heat storage Composition type Melting point (°C) Sensible heat Heat conductivity Density solid
Acetamide Chemical compound 83 25 — 1.159
Acetanilide Chemical compound 119 2.00 — —
Erythrol Chemical compound 117 1.38 1.49 1.48
Trimethylolethane Mixture 30 2.75 0.66 1.12
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FIGURE 2: Measurement of increased thermal energy.
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effective. Increased thermal energy storage (TES) systems are
shown in Figure 2. Thermal energy, on the other hand, has
not been proven safe; just a few generating facilities through-
out the world have now been recognized as testing this
method [18]. More modern SEGS prototypes have always
used costly liquid fuel as a backup system, resulting in a tem-
perature increase from 300 to 400°C; nonetheless, the tech-
nique is still financially unfeasible.

Phase change material is one type of heat trapping
material utilized in solar energy generating system. Phase
change material has not yet attained the desired economic
level or substantial use due to the thermal conduction,
which requires a long power conversion period, despite
the fact that it presents a tremendous possibility to help
the lowering of cost of power supplied by SEGS [6]. By
adopting single-stage PCM storage, the heat exchange
methodology for single-stage phase change material of var-
ious PCM salts may be studied. The findings demonstrated

that PCMs are theoretically capable of achieving the neces-
sary objectives, and they proposed a phase change material
memory design with a vertically stacked heat pipe men-
tioned in Figure 3.

The interplay involving PCMs and the heat transfer fluid
during charging and discharging is the most important part
of utilizing latent heat storage in a highly focused solar ther-
mal system. The CST plant could also be linked to a super-
critical carbon cycle (s-CO2), in which it can be coupled to
the Brayton cycle for energy production, and this works with
thermal storage and the Rankine cycle [19]. A reflector field,
center block (solar receiver), heat storage system, and energy
block are all part of the political process. Reflector fields cap-
ture and focus sun power on the solar receiver. The heat
transfer then circulates the heat generated through the pro-
cess to a power block, where it is converted from heat to
electric power. Thus, the solar energy is converted to power
using the phase change material.
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TaBLE 2: Comparison of PCM dealing in different sectors.

Set Ratio Sector
1 18% PCM new development
2 21.5% Treatment of existing PCM
3 15% Specific application and technologies using phase change material
4 30% Thermal properties of existing PCM and their studies
5 13% Integration of PCM into building components

3.3. Application of PCM. Many applications for thermal
storage have been developed using phase transition mate-
rials. PCM was housed in an aluminum box with a specific
photovoltaic reflective coating on the front face to reflect a
PV cell attached to the front [20]. The PCM was used in a
carbon black to improve radiant heat evacuated by increas-
ing heat capacity, and its model was evaluated to air spring
blow chilling using a cold Li-particle batteries. Rising oper-
ating temperatures impact the efficiency of constructing
photovoltaic devices as a source of electricity (BIPV). While
their usefulness is limited by their reduced temperature con-
ductivity and high crystallization separation during crystal-
lization, PCMs can be utilized to actively restrict this
temperature increase.

4. Result and Discussion

The following section shows the result obtained based on the
conversion of solar energy to electric power using phase
change material.

4.1. Selection of Phase Change Material. The limit of atmo-
spheric temperature inside the cold storage area is acquired
from the chart of temperatures against time for PCM
selection.

The PCM is then chosen based on its melting point,
which should be inside the air range of temperature, and this
is shown in Figure 4. Figure 5 shows the temperature varia-

Different sector of PCM

13%

30%

L B |
w N =
w

F1GUure 6: Comparison of PCM dealing in different sectors.

tions in the PCM as well as an enhancement in the heat of
the phase change material.

In each case, the average PCM temperatures per day
were 41.10 and 48.10 degrees Celsius, respectively. Temper-
ature increased by 17.1% according to the PCM. It has an
ability to absorb heat quickly during sunrise hours and
release the heat during sun set hours, and it outperforms
CTSS and TSS in every way. This is noted based on Figure 5.
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4.2. Comparison of PCM Dealing in Different Sectors. The
proportion of energy consumed in the building industry is
utilized to power active heating and ventilation systems for
interior air [21, 22].

Because the study themes in the literature include all
aspects of phase change thermal applications, it is difficult
to keep track of what is new, because some new findings
may contradict old ones. Nonetheless, Table 2 and Figure 6
might provide an overview of the topics related to PCM in
the industry.

4.3. Energy Consumption. Perishable food, medications, and
pharmaceuticals are transported and stored. Building enve-
lopes are more than just buildings; they do provide shelter
from the elements while being sensitive to the cultural
weather conditions, due to its considerably more heat trans-
fer interaction and more straightforward application.

As shown in Figure 7, the building envelope is among
the most researched parts of study and control, and it also
offers a great possibility for energy reduction and the
demand. It allows for the control of energy expenses and
the enhancement of energy consumption, as well as eco-
nomic and environmental effect.

5. Conclusion

A descriptive examination of the many technological solu-
tions utilized in the modelling of PCM integration systems
in building envelopes, as well as the simulation tools
employed in this technique, is included in this paper. The
researchers followed the technological methodologies uti-
lized in solar energy storage system simulation. The study
dedicated to the utilization of these approaches and method-
ologies in the application of solar management system tech-
niques is continually growing, owing to the resource’s
potential, which has become an economic concern. Indeed,
the retention of electrical energy using appropriate kinds of
PCM is a continuing issue for building designers, and it
has the potential to play a significant part in the upcoming
power system. PCM has an efficiency of power absorption

that is greater than that in other circumstances, making it
the most effective in this situation. In the case of a one-
hour power outage, PCM absorbs more energy than the
others. When PCM absorbs energy at a faster pace, more
power is saved; hence, in a 1-hour power outage, more
energy is saved than in any other condition.

Data Availability

The data used to support the findings of this study are
included within the article.
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