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ABSTRACT- Solar energy is a renewable energy source
that can generate electricity, provide hot water, heat and
cool a house and provide lighting for buildings. In response
to increasing electrical energy costs, thermal storage
technology has recently been developed. This paper
presents an introduction to previous works on thermal
energy storage using PCM and their applications. The
choice of the substances used largely depends upon the
temperature level of the application. Phase change
material (PCM) are one of the latent heat materials having
low temperature range and high energy density of
melting—- solidification compared to the sensible heat
storage. Latent heat thermal energy storage (LHTES)
with phase change materials (PCMs) deserves attention as
it provides high energy density and small temperature
change interval upon melting/solidifying. Phase change
materials (PCMs) are becoming more and more attractive
for space heating and cooling in buildings, solar
applications, off-peak energy storage, and heat exchanger
improvements. Latent heat thermal energy storage
(LHTES) offers a huge opportunity to reduce fuel
dependency and environmental impact created by fossil
fuel consumption.
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INTRODUCTION

In many parts of the world, direct solar radiation is
considered to be one of the most prospective
sources of energy. The scientists all over the world
are in search of new and renewable energy sources.
One of the options is to develop energy storage
devices, which are as important as developing new
sources of energy. The storage of energy in suitable
forms, which can conventionally be converted into
the required form, is a present day challenge to the
technologists. Energy storage not only reduces the
mismatch between supply and demand but also
improves the performance and reliability of energy
systems and plays an important role in conserving
the energy. It leads to saving of premium fuels and
makes the system more cost effective by reducing
the wastage of energy and capital cost. For example,
storage would improve the performance of a power

generation plant by load leveling and higher
efficiency would lead to energy conservation and
lesser generation cost. One of prospective
techniques of storing thermal energy is the
application of phase change materials (PCMs).
Unfortunately, prior to the large-scale practical
application of this technology, it is necessary to
resolve numerous problems at the research and
development stage.

2. THERMAL ENERGY STORAGE

Thermal energy storage can be stored as a change
in internal energy of a material as sensible heat and
latent heat

2.1 SENSIBLE HEAT STORAGE

In sensible heat storage (SHS), thermal energy is
stored by raising the temperature of a solid or
liquid by using its heat capacity. SHS system utilizes
the heat capacity and the change in temperature of
the material during the process of charging and
discharging. The amount of heat stored depends on
the specific heat of the medium, the temperature
change and the amount of storage material.

The amount of thermal energy stored in the form
of sensible heat can be calculated by Q is the
amount of thermal energy stored or released in
form of sensible heat (kJ), T1 is the initial
temperature (°C), T2 is the final temperature (2C),
m is the mass of material used to store thermal
energy (kg), and Cpis the specific heat of the
material used to store thermal energy (kJ/kg2C).
Water is known as one of the best materials that
can be used to store thermal energy in form of
sensible heat because water is abundant, cheap, has
a high specific heat, and has a high density. In
addition; heat exchanger is avoided if water is used
as the heat transfer fluid in the solar thermal
system. Until now, commercial applications use
water for thermal energy storage in liquid based
systems. Table 1 shows Selected Materials use for
Sensible Heat Storage are [1]
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Temp  [Density | Specific
Phase | Medium Rang [°C] |Kg/m?® Heat
Jkg K
Rock 7-27 2560 879
Solid i
Brick 17-37 1600 840
Concrete 7-27 2100 8§80
Sand 7-27 1550 800
Soil 7-27 2040 1840
Water 7-97 1000 4180
Liquid Engine Oil Upto 157 | 888 1880
Ethanol Upto 77 790 2400
CalorieaHT43 12-260 867 2200
Butanol Upto 118 | 809 2400
Other Up to 420 | 800 2300
Organic

Table 1 MATERIAL FOR SENSIBLE HEAT STORAGE

2.2 LATENT HEAT STORAGE

Latent heat storage uses the latent heat of the
material to store thermal energy. Latent heat is the
amount of heat absorbed or released during the
change of the material from one phase to another
phase. Two types of latent heat are known, latent
heat of fusion and latent heat of vaporization.
Latent heat of fusion is the amount of heat absorbed
or released when the material changes from the
solid phase to the liquid phase or vice versa, while
latent heat of vaporization is the amount of thermal
energy absorbed or released when the material
changes from the liquid phase to the vapour phase
or vice versa. Indeed, latent heat of vaporization is
not paid attention for latent thermal energy storage
applications because of the large change in the
volume accompanied by this type of phase change.
The amount of thermal energy stored in form of
latent heat in a material is calculated by

Q is the amount of thermal energy stored or
released in form of latent heat (k]), m is the mass of
the material used to store thermal energy (kg), and
LH is the Latent heat of fusion or vaporization
(19/kg).

It is clear from above Eq. that the amount of
thermal energy stored as latent heat depends on
the mass and the value of the latent heat of the used
material. Materials used to store thermal energy in
form of latent heat are called phase change
materials

3. COMPARISON BETWEEN SENSIBLE AND
LATENT THERMAL ENERGY STORAGE

Latent heat storage is particularly attractive since it
provides a high-energy storage density and has the

capacity to store energy at a constant temperature
- or over a limited range of temperature variation -
which is the temperature that corresponds to the
phase transition temperature of the material. They
store 5-14 times more heat per unit volume than
sensible storage materials such as water, masonry,
or rock. But latent thermal energy storage still
facing many problems concerning the materials
used to perform the storage process such as high
cost, low thermal conductivity and stability of
thermo physical properties after many cycling.

4. CLASSIFICATION OF LATENT HEAT STORAGE
MATERIALS

Latent heat storage materials also called phase
change materials (PCMs). Lists of most possible
materials that may be used for latent heat storage
are available in papers by Abhat [2], Lorsh et al. [3],
Lane et al. [4], and Humpries and Griggs[5].

PHASE CHANGE
MATERIAL

L
L k3 .
M I or.ml:.omanic
m I nor:unc-orm.

Inorganic-
Inorganic

4.1 ORGANIC
Organic materials are classified as paraffin and non
paraffin

4.1.1 Paraffins

It consists of a mixture of straight chain alkanes
CH3-(CH2)-CH3. The crystallization of the (CH3)-
chain release a large amount of latent heat increase
with chain length.

5.Advantage:- Paraffin is safe, reliable, predictable,
less expensive and non-corrosive, chemically inert
and stable below 500 8C, show little volume
changes on melting and have low vapor pressure in
the melt form.
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6.Disadvantages: - low thermal conductivity, no
compatible with the plastic container and
moderately flammable.

7. APPLICATIONS OF LATENT HEAT STORAGE
PCM

7.1 SOLAR WATER HEATER:-

Solar water heater is getting popularity with
increasing costs of energy since they are relatively
inexpensive, simple to fabricate and install, and
easy to maintain. To increase the capacity of
systems without ultimately requiring huge volumes
or high temperatures, these systems were designed
with PCMs either located on the bottom, top, or
vertical walls. The PCMs were especially interesting
when it came to deliver hot water the morning after
solar collection [10]. In this study [10], the author
used 17,5kg of paraffin wax (m.p. 54°C) in one heat
exchanger and water in the other to enable the
comparison.

7.2 SOLAR AIR HEATER

The problem of solar air heating with systems
involving PCMs has been studied for more than 30
years as evidenced by the pioneering work of
Morrison, Abdel Khalick, and Jurinak [14]. The main
conclusion of their studies was that the PCM should
be selected on the basis of the melting point rather
than its latent heat and also that systems based on
sodium sulphate decahydrate as storage medium
needs about one fourth the storage volume of a
pebble bed and one half 5 that of a water tank.
Recent research involving hybrid systems and
shape-stabilized phase-change material was found
to yield improved thermal comfort in the winter.
Zhou et al. [13] indicate that 47% normal-and-
peak-hour energy savings, and 12% overall energy
consumption reduction were observed.

7.3 FLOOR AND CEILING

Farid and Kong [11] constructed slabs containing
encapsulated PCMs in spherical nodules. The plastic
spheres contained about 10% empty space to
accommodate volume expansion. Athienithis and
Chen [12] investigated the transient heat transfer in
floor heating systems. Savings up to 30% were
reported. Space heating systems that incorporate
PCMs located in the ceilings were also developed.

7.4 OFF-PEAK STORAGE:
Latent heat storage systems were proposed to
utilize off-peak electricity. Using this electricity,

PCMs are either melted or frizzed to store it in the
form of latent heat thermal energy and the
heat/coolness is then available when needed. These
systems are generally embedded with active
systems to reduce the peak load and thus
eventually reducing the electricity generation costs
by keeping the demand nearly uniform

INDOOR WALLS

The wallboards are suitable for PCM encapsulation.
For instance, paraffin wax, fatty acids, or liquid
butyl stearate impregnated walls can be built by
immersion. One of the interests is the shifting of
heating and cooling loads to off-peak times of
electric utility, the other is to reduce peak power
demand and down size the cooling and heating
systems. Although much work has been done on
impregnation techniques, analytical studies, and
optimal melting temperatures, much has to be done
to include such advanced wallboards in actual
buildings. Although gypsum wallboards are
naturally considered as they are cheap and widely
used, building blocks and other building materials
impregnated with PCM can be used in constructing
a building. This could result in a structure with
large thermal inertia without the wusual large
masses associated with it.

7.6 GREEN HOUSES

Another application that has a major impact on
power demand is the use of PCMs in green houses
for storing the solar energy for curing and drying
process and plant production. The format of the
conference papers cannot allow a survey of the key
references on this subject. These will be discussed
at the conference.

8. CONCLUSION

(1) To provide an overview of phase change
materials use in the context of power demand
reduction.

(2) To open new possibilities for eventual
collaboration with the IEEE members.

(3) To be able to promote synergetic solutions and
processes in the domain of energy management.

(4) In the present paper, a detailed study on PCM
incorporation in  building material, PCMs
integration with building architecture for space
heating, space cooling and in combination of
heating and cooling has been carried out.

(5) The optimization of these parameters is
fundamental to demonstrate the possibilities of
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success of the PCMS in building materials.
Therefore, the information like operational range
and limitations evolved in a project with PCM’s as
heat transport medium and elaborate calculation
for analysis supported by a simulation programme
would definitely be a remarkable and reckonable
guidance for deciding and designing PCMs in
building application.

(6) In a near future, PCMs will be more and more
incorporated in global energy management
solutions as the stress for

innovative low environmental-impact technologies,
the overall negative effect of energy consumption
on the environment, and the cost of energy will all
necessarily increase.
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