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ABSTRACT 
This present paper is the comprehensive review of Phase Change Materials (PCM) and its wide applications in construction 

industry. Most of PCMs are used as latent thermal storage materials for making the comfort room temperature in the buildings. 

Various PCM’s such as Organic PCM, Inorganic PCM are incorporated in the building components to control the effect of heat by 

following some of the methods like macro encapsulation, micro encapsulation and nano encapsulation methods. The utilization of 

PCM may results in controlling the costs also, because in US 70% of electricity bill was due to usage of cooling agents such as fans, 

coolers and air conditioners etc., these costs are reduced by means of PCM incorporated components. The review showed that 

PCM has some useful characteristics such as better latent heat storage and thermal performance. On the other hand, PCMs have 

some negative impacts on the properties of building elements. However, the negative impacts can be minimized if an appropriate 

PCM and a suitable means of incorporation are employed during the production of the PCM-incorporated structural components. 

 

KEYWORDS:  PCM, Encapsulation, Thermal Performance 
 

INTRODUCTION 
 
 A phase-change material (PCM) is a substance with a high heat of fusion which, on melting and solidifying 
at a certain temperature, is capable of storing and releasing large amounts of energy. PCMs are regarded as a 
possible solution for reducing the energy consumption of buildings[1]. The possible incorporation of phase 
change materials (PCMs) in building materials has attracted a lot of research interest worldwide due to the 
concern on global warming and the ability of PCMs to reduce energy consumption in building because of their 
thermal energy storage abilities. As a substance with a high heat of fusion, PCM is capable of storing and 
releasing large amounts of energy in the form of heat during its melting and solidifying processes at the specific 
transition temperature.  
 For the past 20 years, significant research has been undertaken on the potential use of PCMs in concrete. 
The results showed that PCM-concrete has some useful characteristics such as better latent heat storage and 
thermal performance [7]. 
 Phase Change Materials are regarded as one of the possible solution for reducing the energy consumption 
and improve the thermal comfort of buildings. By storing and releasing heat within a certain temperature 
change, it raises the building inertia and stabilizes in door climate. [16]  
 PCMs are more useful because of its nature of storing and releasing heat within a certain temperature range. 
Phase change materials (PCM) are ‘‘latent’’ thermal storage materials possessing a large amount of heat energy 
stored during its phase change stage [1]. Buildings are large consumers of energy in all countries approximately 
65 to 75% of total energy consumption. In regions with harsh climatic conditions, a substantial share of energy 
goes to heat and cool buildings. This heating and air-conditioning load can be reduced through many means; 
notable among them is the proper design and selection of building envelope and its components. The proper use 



44          A.M. Vasumathi and R. Greesan, 2016/ Advances in Natural and Applied Sciences. 10(3) March 2016, Pages: 43-48 

 

of thermal insulation in buildings not only contributes in reducing the required air-conditioning system size but 
also in reducing the annual energy cost. [13] 
 

 
 
Fig. 1: Phase Change Materials. 
 
 In hot and tropical countries external walls and roofs receive solar radiation absorbing part of it and 
transmitting a substantial part to the internal ambient provoking thermal discomfort. In cold climate heat is 
usually lost to the external ambient and again causing thermal discomfort. In both cases the thermal energy load 
is increased.  
 For these reasons many studies were dedicated to investigate techniques for improving the thermal 
performance of walls and roofs. One of the most viable techniques is the use of PCM as thermal insulation filler 
that increases the thermal inertia of the component at relatively low cost and without substantial increase in 
weight. [3] 
 

 
 
Fig. 2: Process of PCM. 
 
2. Types of PCM: 
 Generally PCM’s are classified as Organic PCM and Inorganic PCM. 
• Organic PCM’s – Paraffin (CnH2n+2) and Fatty Acids (CH3(CH2)2nCOOH) 
• Inorganic PCM’s – Salt Hydrates (Mn H2O) 
 
Organic Phase Change Materials:  
 Organic PCMs are most often composed of organic materials such as paraffins, fatty acids, and sugar 
alcohols. For building applications, paraffinic PCMs are the most commonly used for several reasons. First, 
paraffinic PCMs are straight chain n-alkane hydrocarbon compounds such as n-Heptadecane and n-Eicosane.  
 Their melting temperature and phase change enthalpy increase with the length of the carbon chain. When 
the number of carbon atoms in the paraffin molecule is between 13 and 28, the melting temperature falls within 
a range of approximately 23° to 140°F (–5° to 60°C) (Mehling and Cabeza 2008), a temperature range that 
covers building applications in most climates around the world.  
 In addition, paraffinic PCMs are chemically inert, nontoxic, reliable, and biocompatible. They also show a 
negligible subcooling effect (Boh and Sumiga 2008). Fatty acids are represented by the chemical formula 
CH3(CH2)2nCOOH (e.g., capric acid, lauric acid, and palmitic acid).Fatty acids have storage densities very 
similar to paraffins, and like paraffins their melting temperatures increase with the length of the molecule.  
 Although chemically stable upon cycling, they tend to react with the environment because they are acidic 
by nature. [19] 
 
The advantages of organic PCM are: 
• availability in a large temperature range 
• freeze without much super cooling 
• ability to melt congruently 
• self nucleating properties 
• compatibility with conventional material of construction 
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• no segregation 
• chemically stable 
• high heat of fusion 
• safe and non-reactive 
• Recyclable. 

 
The disadvantages of organic PCM are: 
• low thermal conductivity 
• low volumetric latent heat storage capacity 
• flammable (depending on containment)[8] 
 
Inorganic Phase Change Materials: 
 Inorganic PCMs cover a wide range of temperatures. Although inorganic PCMs have similar latent heat per 
unit mass as organic PCMs, their latent heat per unit volume is generally higher because of their higher density. 
Salt hydrates are one type of inorganic salts containing one or multiple water molecules such that the resulting 
crystalline solid has a chemical formula of AB.nH2O.  
 Some of the examples are CaCl2.6H2O, LiNO3.3H2O, and KF.3H2O. Salt hydrates are nontoxic, 
nonflammable and less corrosive, with higher thermal conductivity than organic PCMs. Salt hydrates have 
melting temperatures in the range of 41° to 266°F (5° to 130°C), a suitable range for building applications.[19] 
 
The advantages of inorganic PCM are: 
•  high volumetric latent heat storage capacity 
•  low cost and easy availability 
•  sharp phase change 
•  high thermal conductivity 
•  Non-flammable 
 
The disadvantages of inorganic PCM are: 
• high volume change 
• super cooling 
• Segregation [8] 
 Most of the Projects in PCM are using Organic types because of its multiple characteristics like, thermal 
stability - high latent heat of fusion, non corrosive nature, economical and vide variety applications. Paraffin 
wax and beewax are considered as most usable PCM to control the heat in concrete wall. [1]. 
 

 
 
 
Fig. 3: Paraffin and Beeswax. 
 
 Barium- [Ba(OH)2·8H2O] is selected as suitable phase change material (PCM), such as a latent heat 
material (LHM), to control the hydration heat in mass concrete structures. The experimental test results are also 
shows that the heat was reduced in cement pastes by controlling the heat of hydration. [6] Commercial Glycol is 
also implemented in walls and roofs in order to obtain the required fusion temperature range.  Tests results are 
examined using experiments and simulation to control the thermal effect in room temperatures. [15] 
 PCM’s are very effective to make a comfort room temperature between 20 - 30˚ C. Polyethylene Glycol 
(PEG 600) was used as a chemical admixtures embedded in plastering the internal wall of a room in building. 
From the investigations and simulation method, the application of PCM in the building as passive materials will 
greatly reduce the use of operation energy, increase the latent load and reduce the annual CO2 emissions. [18] 
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Fig. 4: Polyethylene Glycol (PEG). 
 
Table 1: Physical Properties of PEG600 [18]. 

Details Values 
Melting Point 28˚ - 31˚ 
Specific Heat 1800 
Heat of Fusion 27.21 

Density 1.126 

 
Encapsulation techniques: 
 The PCM which is incorporated as admixture in the concrete or mortar or in blocks uses the concept of 
encapsulation. The three types of encapsulation techniques normally adopted are, 
(i) Macro Encapsulation  
(ii)  Micro Encapsulation and 
(iii)  Nano Encapsulation.  
 

Macro Encapsulation: 
 The effective containment of PCM in building materials has always been an important design parameter. 
Ensuring the structural reliability i.e. the PCM does not adversely affect the primary function of the construction 
material, and safety of the occupants within the building envelope is a key issue considered during the container 
design and PCM selection phase. In addition to these factors, balancing the cost of designing safe and effective 
encapsulated PCM systems has always been a difficult process. Macro-encapsulation integrates the phase 
change material in some form of packaging, usually tubes, pouches, panels or some other type of receptacle; and 
then incorporated into the chosen building material or simply to act as a direct heat exchanger in an active 
heating system. This is an expensive method of encapsulation as it requires energy intensive methods of 
integration into building materials; and protection from external factors such as building maintenance. [20] 
 Micro encapsulation is a technique by which solids, liquids or gases may be enclosed in microscopic 
particles by the formation of thin coatings on wall material around the substances. The purpose of 
recommending micro encapsulation technique is, it is the method which provides better performance in 
controlling the effect of material while encapsulating when compared to other methods. 
 The fastest growing segment is that of insulating materials based on microencapsulated phase change 
materials (PCM) for active accumulation and release of heat. Microcapsules with a good mechanical resistance 
are essential to enable reversible liquid-solid-liquid phase transitions, and to protect the PCM during the whole 
product life. [11]. 
 

 
 
Fig. 5: Micro Encapsulation. 
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 Nano encapsulation is a process of enclosing nano-sized particles within solid or liquid state, then the 
product obtained by the process are called nano capsules or nanoparticles. The term nano capsules are used if 
the size of the particles is below 1μm.  
 Recently, Nanocapsules have received considerable attention for thermal energy storage systems, because 
of the high surface area to volume ratio compared to micro capsules which results in a stronger driving force to 
increase the thermodynamic process. [17]. 
 

 
Fig. 6: PCM Incorporated Concrete using Nano Encapsulation. 
 
Simulation Tools:  
 To validate the experimental test results, a variety of simulation tools were used by the researchers. The 
validation tools normally used are Ansys, Solid Works, Energy Plus, IES Virtual Environment package are 
some to mention. Simulation is the basic technique to create and analyze a digital prototype of a physical model 
to predict its performance in the real world.  Various specimens are casted using different PCM’s in several 
building components (like concrete roofs, wall panels, plaster boards, exterior walls etc.,) to make a model to 
analyze the samples to determine the effective PCM to be implemented in structural components. How PCMs 
could be incorporated in building materials, particularly in passive applications. A simulation study using IES 
Virtual Environment package ‘Apache’ was carried out on PCM impregnated plasterboard, investigating various 
fusion temperatures of the PCM during night, day, and week-long test durations in hot weather conditions. [12] 
Some of the tests carried out in thermal projects are micro conduction, simplified adiabatic temperature rise, 
heat, and compressive strength test. Among the various tools and equipments the sensors and temperature 
indicators are used familiarly in all the thermal related projects. [1, 6] Apart from the technological point of 
view, PCM also plays a vital role in the economical control. A new building for the molecular engineering 
department of the University of Washington, in Seattle, has PCMs encapsulated in its wall and ceiling panels. 
The expectation is that cooling costs will be as much as 98 per cent lower than one would expect for a 77,000-
square-foot building. The PCMs are set during manufacture to maintain temperatures of about 23 C. Buildings 
are energy hogs.  
 In the United States, it’s estimated that buildings consume more than 70 per cent of the electricity generated 
in the country. There has been a push to make buildings lighter, making them quicker and cheaper to build. The 
trade-off, though, is indoor temperatures that fluctuate more, which means higher heating and cooling costs. 
PCMs seem to offer one way to deal with that trade-off. 
 
Conclusion: 
 From the comprehensive review, it was concluded that using Phase Change Materials in building 
construction is  
• to reduce the effect of heat,  
• to control the thermal conductivity of building components,  
• to stabilize the heat and  
• to keep the comfort room temperature  
 As compared to any other thermal insulating materials, PCM gives an appreciable performance and results 
in both thermal and economical aspects. 
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