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Introduction 

Smart materials are kind of materials whose characteristics 
can change in interaction with the surrounding physical 
conditions, without using any external power. According to 
the defi nition, PCMs are considered smart materials that go 
through a phase change process while the ambient temperature 
reaches the specifi c temperatures which trigger the phase 
change [1]. The smart function of such materials has increased 
their application in various aspects of the industry. Recently 
PCMs are growing in the global market of smart materials at a 
considerable rate of 20% annually [2].

As phase change phenomena happen in PCMs, they are 
used as thermal energy storage devices due to the high amount 
of energy that can be stored in the form of latent heat. Since 
the temperature remains constant during the phase change, 
PCMs are capable of being implemented as thermal regulators 
specifi cally in buildings. They can absorb or release energy 
when the indoor environmental conditions change which can 
affect the indoor air temperature and provide occupants with 
acceptable comfort [3].

Generally, there are two main strategies for building 
cooling, namely passive and active. Active cooling techniques 
include air handling units and packaged thermal air conditioner 
systems [4]. By the use of methods such as heat modulation, 
heat dissipation as well as solar and heat protection techniques, 
passive cooling can be achieved inside the buildings [5]. Heat 
modulation techniques comprise night ventilation and cooling 
storage. Different cooling strategies are presented in Figure 1 
briefl y.

Phase Change Material (PCM) as smart heat-
storing materials 

Heat-storing smart materials which are also known as 
phase change materials (PCM) have specifi c properties which 
give the ability to store or release thermal energy in a controlled 
condition by temperature variation [7].

Phase change material can also be named latent heat 
storage material. The thermal energy is stored in PCM in form 
of sensible heat (like conventional materials such as concrete 
etc.) as well as latent heat which the latter has a much higher 
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heat storage capacity than the former. Latent heat is the 
thermal energy that is released or absorbed when a substance 
starts to change its phase from solid to liquid or liquid to vapor 
or vice versa which occurs usually in constant temperature 
[5,8].

In recent years different studies done in different climates, 
prove that PCM can have a positive role in building energy 
management and conservation. The application of PCM for 
energy saving in the building goes back to 1980 by integrating 
PCM with gypsum board, plaster, concrete, or other wall 
covering materials [9].

The PCM can lessen the vitality requirements for heating, 
ventilation, and air conditioning (HVAC) frameworks as it is 
proved that a considerable share of building energy consumption 
is due to HVAC [10]. It can also decrease indoor temperature 
variances. The attractive identities of PCM materials are high 
capacity of thermal energy storage, great heat conductivity, 
little dilatation, shrinkage amid phase change, and minimum 
sub-cooling while solidifying. However, they should be non-
dangerous and have compound strength. The PCM utilized 
with the expectation of complimentary cooling ought to have 
a characteristic temperature running from 15 °C to 30 °C [11]. 

The working principle of PCM-based free cooling for 
structures is indicated in Figure 2 which consists of two 
scenarios of operation: 

• In the fi rst scenario, the PCM has a solid phase. The 
interaction of the high-temperature indoor air with the 
PCM triggers the heat transfer process in which the PCM 
gains the excess thermal energy of the air and changes 
to liquid at a nearly constant temperature. Thus, the air 
in the vicinity of the PCM loses its thermal energy, and 
its temperature decreases. 

• In the second scenario, airfl ow with the low temperature 
inside the building encounters the PCM which is in the 
liquid phase. Gradually the PCM releases its thermal 
energy and during the heat exchange process with the 
air, it goes through the phase change process and turns 
into a solid at an approximately constant temperature. 
As a result, the air inside the building gains thermal 
energy, and its temperature increases [12].

However conventional PCMs have some drawbacks which 
can limit their application. Various solutions have been 
proposed to address the challenges [14]. In emerging PCMs 
the concept of Microencapsulated Phase Change Material 
(MEPCM) has received increasing attention. In this manner, 
PCM as the core is covered by a shell (made of other materials) 
which enables the phase change process inside the small, 
enclosed volume. These MEPCMs can be conveyed by carrier 
fl uid inside ducts. This technique can solve some of the major 
challenges of conventional PCMs like thermal instability and 
low thermal conductivity. In addition, the used shell should be 
enough strength since volume changes in phase change cycles 
can destroy the outer covering layer [15].

To overcome the problem of low thermal conductivity, 
nanomaterials can be integrated with PCMs to increase the 
effective thermal conductivity due to the specifi c properties 
of the additives [14]. These added materials can be in the 
form of nanotubes, nanorods, nanosheets, etc. Generally, 
the nanomaterial additives have a considerably high thermal 
conductivity which can contribute to effi cient heat absorption 
or heat rejection. Combining these materials with PCMs can 
improve their performance dramatically and as a result, the 
application of PCMs can be extended [16]. 

Types of PCMs

Generally, there is a wide variety of PCM in the market in 
different temperature ranges. There are various classifi cations 
for the PCM in the literature but the most common one is 
presented in Figure 3 which based on it the PCM can be 
categorized into three different classes including organic, 
inorganic, and eutectic [9,17].

Organic phase change materials 

Organic PCMs can be classifi ed as paraffi n and non-
paraffi ns. Organic PCMs are not usually corrosive and have 
congruent melting. For building applications with respect to 
thermal comfort range, organic PCMs with a melting point of 
20 °C to 32 °C are potentially applicable [18]. 

Paraffi n: A study conducted by reference [19] illustrated 
that the range of paraffi n’s melting point is from -12 °C to 
71 °C which can store 128 kJ/kg to 198 kJ/kg heat. Paraffi n is 
composed of a straight chain Alkanes mixture (CH3-(CH2)-
CH3). The process of CH3 chain making crystal can release a 
high amount of thermal energy or vice versa.

Figure 1: Different cooling strategies [6].

Figure 2: The PCM cooling performance during night time and day time [13].
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For paraffi n, increasing the chain length leads to an 
increase in latent heat of fusion and melting point. Paraffi n 
can be considered a safe, reliable, cheap, and non-corrosive 
material which has very important factors for application in 
buildings. Moreover, from a chemical point of view, they are 
inert and stable (lower than 500 °C) and their volume does 
not change considerably when changing the phase. In Table 1, 
there is a list of some paraffi n with their properties [20]. Apart 
from their appropriate characteristics like congruent melting 
they have some unsatisfactory properties; they are nearly 
fl ammable, they have low heat conductivity, and they are not 
compatible with plastics. 

Non-paraffi ns: The category of non-paraffi n organic 
PCM has the vastest varieties in types and properties. Unlike 
the paraffi n group which has similar characteristics, non-
paraffi ns have a wide variety of their own properties. Therefore 
they are considered the largest candidate category for thermal 
storage applications [17]. Two studies conducted by references 
of [22,23] concluded that alcohols, esters, glycols, and fatty 
acids are appropriate non-paraffi n PCMs some of them are 
presented in Table 2.

One of the disadvantages of non-paraffi n PCMs is 
fl ammability which limits them to exposure to fl ame, high 
temperature, and oxidizing substances. In this group, fatty 
acids appear to have the highest potential to be implemented 
practically. Since it shows many satisfactory properties which 
include: economic view (availability and price), high latent 
heat, low supercooling, no phase segregation, and different 
melting temperature [24]. 

Moreover, this type demonstrates reproducible freezing 
and melting with no supercooling during freezing [17]. 
Generally, fatty acids can be explained by following the 
formula CH3(CH2)2nCOOH. However, in comparison with 
available paraffi n, they are nearly two times more expensive. 
In addition, they are corrosive to some extent. The advantages 
and disadvantages of organic PCMs are presented in Table 3 
[17].

Inorganic phase change materials (salt hydrates)

Compared with organic PCMs, inorganic PCMs have a 
higher heat of fusion per unit mass with lower cost and most 
of them are not fl ammable. But on the other side, they have 
super cooling and decomposition which overshadow their 
advantages [18,26]. In this category salt hydrates are the most 
important types and a lot of studies have been done on them 
for thermal storage applications due to their high latent heat 
per unit mass. Table 4 shows the latent heat and melting points 
of some inorganic PCMs and Table 5 illustrates the advantages 
and disadvantages of inorganic types [17].

Eutectics 

A eutectic PCM consists of at least two other PCMs so 
during freezing they form a blend crystal [27]. This mixture 
can consist of organic with organic, inorganic with inorganic, 

Figure 3: Different types of PCMs.

Table 1: The properties of different kinds of paraffi  n [21].

Latent heat of fusion and melting temperature: paraffi  n

Paraffi  n type Latent Heat of fusion (kJ/kg) Melting temperature (°C)

Paraffi  nC17 213 21.7

Paraffi  nC18 244 28

Paraffi  nC13-C24 189 22-24

Paraffi  nRT-18 134 15-19

Paraffi  nRT-27 179 28

n-Octadecane 179 28

n-Heptadecane 240 19

Table 2: Latent heat and melting points of some of the non-paraffi  n PCMs [21].

Latent heat of fusion and melting temperature: fatty acids

Fatty acid name
Latent heat of fusion (kJ/

kg)
Melting temperature 

(°C)
82%Capricacid + 
18%LauricAcid

141 19-24

Emerest2325 134 20

CH3(CH2)11OH 200 26

50%ButylStearte + 
50%Palmitate

138 20

Emerest2326 139 20

ButylSterate 140 19

45% CH3(CH2)8COOH +
55% CH3(CH2)10COOH

143 21

Propylpalmitate 135 19

Table 3: The advantages and disadvantages of organic PCMs [25].

Advantages Disadvantages

congruent melting ability small capacity of latent heat storage

avoiding high supercooling in freezing low thermal conductivity 

functioning in a wide temperature range Usually fl ammable

chemical stability 

compatibility with construction material

 self-nucleating properties

the great heat of fusion, safe and recyclable
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and organic with inorganic some of them are indicated in 
Table 6 [18]. The separation of the components is very unlikely 
because they mostly change the phase without segregation 
(due to freezing to an intimate mixture of crystals) and during 
melting all components change to liquid simultaneously.

Selection criteria

As stated in previous investigations issues related to 
HVAC account for a great proportion of energy consumption 
in buildings [28] and PCMs are of high potential to decrease 
the required energy. To be applied for cooling purposes in 
buildings the PCMs should have some desirable qualifi cations. 
For instance, from an economic aspect they should have 
reasonable prices and availability in the market, from a heat 
transfer view, they should have high thermal conductivity to 
absorb and release heat fast from the surrounding environment 
[17] [29,30] (Figure 4). 

From a thermodynamic point, they should have high heat 
of fusion per unit mass to be able to store a high amount of 
thermal energy. In addition, they should not chemically be 
fl ammable, toxic, corrosive, or unstable. All stated properties 
are important for PCMs to be easily incorporated with building 
components and passive cooling strategies. So, with respect to 
all those properties, the PCM in Figure 4 can be employed for 
the cooling system in the building.

Conclusion

Currently, energy is considered an international important 
issue in the world. The building sector accounts for one-third 
of total energy consumption in the world and 8% of direct CO2 
emissions. A considerable share of building energy consumption 
is related to HVAC systems with nearly two third. Passive 
cooling methods are sustainable techniques that can provide 
appropriate thermal comfort conditions for occupants without 
consuming fossil fuels and threatening the environment. 
Generally, there is a wide variety of PCM in the market in 
different temperature ranges. There are various classifi cations 
for the PCM in the literature but the most common can be 
categorized into three different classes organic, inorganic, and 
eutectic. Organic PCMs are categorized as paraffi n and non-
paraffi ns. Organic PCMs are not usually corrosive and have 
congruent melting. For building applications with respect to 
thermal comfort range, organic PCMs with a melting point of 
20 °C to 32 °C are potentially applicable. Compared with organic 
PCMs, inorganic PCMs have a higher heat of fusion per unit 
mass with lower cost and most of them are not fl ammable. But 
on the other side, they have super cooling and decomposition 
which overshadow their advantages. In this category salt 
hydrates are the most important types and a lot of studies 
have been done on them for thermal storage applications 
due to their high latent heat per unit mass. A eutectic PCM 
consists of at least two other PCMs so during freezing they 
form a blend crystal. This mixture can consist of organic with 
organic, inorganic with inorganic, and organic with inorganic. 
The separation of the components is very unlikely because 
they mostly change the phase without segregation (due to 
freezing to an intimate mixture of crystals) and during melting 
all components change to liquid simultaneously. Finally, to 
be applied for cooling purposes in buildings the PCMs should 
have some desirable qualifi cations such as reasonable price 
and availability in the market (economical aspect), and high 
thermal conductivity to absorb and release heat fast from the 
surrounding environment (heat transfer aspect).
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