
 

 

© 2021 IJSRET 
1854 

International Journal of Scientific Research & Engineering Trends                                                                                                         
Volume 7, Issue 3, May-June-2021, ISSN (Online): 2395-566X 

 

 

Building Cooling by Using Phase Change Materials for 

Human Comfort 
Prasad M. Sawant,Pruthviraj B. Patil, Rushikesh R. Patil,Shahidhusain R. Narwade,  

Abhishek A. Kurade, Mr. Avesahemad S.N. Husainy 
Department of Mechanical Engineering,  

Sharad Institute of Technology College of Engineering,  
Yadrav- Ichalkaranji, Maharashtra. 

prasadsawant390@gmail.com, pruthvipatil4065@gmail.com, rushikeshrangraopatil@gmail.com, 
shahidhusennarwade0905@gmail.com, abhikurade2001@gmail.com, avesahemad@gmail.com 

 
Abstract- It is well acknowledged that technologies to achieve thermal comfort in buildings while cooling and    heating demand 

are required. Thus, for the internal cooling and heating of building. One of the advanced technologies Thermal Energy Storage 

(TES) by using phase change material. The use of PCMs in building provides the potential for better indoor thermal comfort 

for resident due to the reduced indoor temperature fluctuations, and lower global energy consumption due to the load 

reduction/shifting. Building researcher need PCMs to better understand building temperature reaction features and the 

economic viability of utilizing PCMs, as well as to take additional steps to fully use PCMs to improve indoor environmental 

quality and overall building energy performance. This paper shares assessment TES in building using sensible, latent heat and 

thermochemical energy storage. Sustainable heating and cooling with TES in buildings can be achieved through passive system 

in building envelopes, Phase Change Material (PCM) in active system, sorption system, and seasonal storage. 
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I. INTRODUCTION 
 

It is well known that the use of adequate thermal energy 

storage (TES) systems in the building and industrial sector 

presents high potential in energy conservation [1]. The use 

of TES can overcome the lack of coincidence between the 

energy supply and its demand; its application in active and 

passive systems allows the use of waste energy, peak load 
shifting strategies, and rational use of thermal energy [2].  

 

Lately utilizing PCMs in structures to improve the indoor 

warm climate by adjusting the climate temperature has 

pulled in an ever- increasing number of considerations. As 

the temperature expands, the material changes its stage 

from strong to fluid. The response being endothermic, the 

PCM assimilates heat.  

 

Essentially, when the temperature decreases, the material 

changes it stage from fluid to strong. Advantage of using 

TES in an energy system are the increase of the overall 
efficiency and better reliability, but it can also lead to 

better economics, reducing investment and less CO2 

emission [3]. Storage concepts applied to the building 

sector have been classified as active or passive systems 

[4].  

 

Passive TES system can enhance effectively the naturally 

available heat energy sources in order to maintain the 

comfort conditions in buildings and minimize the use of 

mechanically assisted heating or cooling system [5]. On 

the other hand, the use of active TES system provides a 

high degree of control of the indoor conditions and 
improves the way of storing heat energy. These systems 

are usually integrated in buildings to provide free cooling 

or to shift the thermal load from on-peak to off-peak 

conditions in several applications, such as domestic hot 

water application [6] or HVAC systems [7,8]. The current 

paper will survey the current and investigated dynamic 

and uninvolved TES innovations incorporated in the 

structure area, just as the materials created and utilized in 

these frameworks. 

 

1. Use of PCMs & TES for cooling application in 

buildings: 

PCMs applications are suitable for both new buildings and 

the retrofitting of existing ones [9]. The method of 

incorporation, melting range, and favored application 

symbolize the functioning mode of the used PCM-TES 

system. PCM-TES may be used for heating, cooling or for 

each heating and cooling, which are called hybrid system.  

 

The fundamentals behind cooling application using PCM 

states that: when the considered thermal zone is subjected 

to an increase in ambient temperature that might pass the 

comfort range provided by the American Society of 
Heating, Refrigeration and Air-Conditioning Engineers, 

during hot condition (24 degree for a humidity less than or 

equal 50%) [10]. The melting range of PCM is then 

depending on the of the PCM with inside the zone, form of 

application using the PCM, and preferred cooling set 
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point. Each mode is subdivided into passive and active 

categories. Heier et al. [11] states that the difference 
between active and passive systems is the driving force of 

charging and discharging the storage where active storage 

utilizes pumps or fans while passive storage depends only 

on the temperature difference between the storage and 

surroundings. 

 

2. Building envelope (Walls & wallboards, ceilings, 

floors, windows): 

Wall & wallboards: Lee et al. [12] performed field tests on 

two identical prototype rooms subjected to full weather 

conditions.  

 

 
Fig 1. Tested facilities and the respective internal walls 

configurations for PCM adaptation. 

 

The Research was directed to investigate the thermal 
performance of PCM-enhanced cellulose insulation 

installed in the cavities. Shown in fig. 1 Paraffin-based 

PCM was blended in with cellulose protection and it was 

demonstrated by the DSC curves that no unfriendly impact 

is contributed by the cellulose on the PCM Latent heat. 

Experimental outcome showed that the air temperature in 

the room with PCM lowers up to 4.2 Degree Celsius the 

comfort enhancement was more important if the surface 

temperatures were considered.  

 

Thermal performance of PCM wallboard was also 
assessed in a renovated lightweight building by kuznik et 

al. [13] with two identical rooms tested: one as reference 

and one as reference and one with PCM wallboard 

positioned immediately behind the plasterboard coating. 

The mats utilized have been developed by Phase Change 

Solutions, Inc. (PCES), named as ThermaMat (see fig 2). 

The PCM is obtained from a residue of biodiesel called 

Bio PCM 23 Degree Celsius and the encapsulation 

material is a flexible poly-film with flame retardant 

properties [14] Mostly lower PCM melting temperature is 

utilized for latent applications. Muruganantham and their 

group used two lightweight construction test cells, one 
without PCM and the other with Bio PCM mat layer in 

walls, ceiling and floor.  

 

The material properties of typical wall component were 

taken from the published literature [15, 16]. Thermo-

physical properties of the PCM were taken from the 

commercial datasheet of FS21R, which is a blend of 

various organic fatty acids suspended in the matrix of 

polymers [17]. Latent heat capacity of the PCM is varied 

in the range of 50-200KJ/Kg, which is close to the energy 
density value reported for the low-cost PCMs 

recommended for application in building envelopes [15, 

19]. The switch proportion of the DIMS appeared in Table 

1 shifts from 1.5 for variable pressing factor aerogel cover 

to 47 for hydrogen adsorption /desorption-based 

switchable insulation. 

 

3. Ceilings: 

The examination included various situations counting 

suspended roof with PCM covered with roof plates, and 

that without supporting roof plates. The test cell was built 

at a laboratory in Oslo, Norway and tired on warm 
summer day with incorporating radiators into the focal 

point of the space for addressing the inward warmth 

acquire. The chief results showed that one mistreatment 

exposed PCM integrated in suspended ceiling and in one 

wall if the room, a drop of operative temperature reached 

3.3 degree Celsius, allowing the operative temperature to 

stay beneath 26 degrees Celsius throughout operative 

hours, revealing that the advice of Norwegian code is 

achieved.  

 

Alqallaf and Alawadhi [20] analyzed the thermal behavior 
of a building concrete roof with vertical cylindrical holes 

filled with PCM numerically with experimental validation. 

The study targeted in determining the impact of the holes, 

dimensions, notably the diameter. Whereas maintain the 

degree constant, and therefore the impact of the melting 

temperature of the used PCM moreover because the 

operative month. Active application PCM integrated in 

construction material. PCM in ceiling with water thermal 

exchange: Technischeunitversitat Darmstadt (2007). This 

can be the first house that used micro-encapsulated PCM 

in the solar Decathlon Competition. Their plan was that 

the PCM extend the result of the beam system and 
improved its performance, absorbing the warmth from the 

environment and emitted it once external temperature 

drop. In heating mode, the solar thermal collector hot 

water is piped from the hot water tank to the PCM radiant 

system maintaining the house interior in comfort.  

 

In cooling mode, throughout the day cold water at a 

temperature of 16 degree Celsius is piped from a cool 

water tank throughout the radiant ceiling, by doing so, 

actively cooling the house. At night, they piped the heated 

water onto the solar panels installed on the roof, whereas, 
a part of it evaporated. The ensuing evaporative heat loss 

cooled the remaining water, which was piped back into the 

cool water tank [21]. 

 

4. Floor: 

PCM in floor: UPM -Technical University of Madrid 

(2005). The Spanish team developed a system of raised 

floor filled with PCM that can be used as a passive thermal 

storage system mainly for heating periods [22,23]. 

Implementation of PCMs into building components 
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permits their thermal performance to be improved, 

reducing indoor temperature fluctuations and improving 
the level of indoor thermal comfort. PCM-concrete was 

firstly made and used in the floor [24]. PCM concrete floor 

have the benefits of low cost, convenient installation, few 

influences on structure, and simply management in 

production. However, the energy source of it is limited 

because of only taking energy from warm temperature 

indoor air. Then PCM floor as well as heat and PCM floor 

radiation heating system were designed and investigated, 

wherever the heating sources are forever electrical and/or 

hot water. A new floor air-conditioning system using 

granular PCM was studied in [25, 26]. 

 

 
Fig 2. Concept of the floor supply air-conditioning system 

[27]. 

 
Fig. 2 is a construct diagram of the system proposed. 

During this system, heat energy was stored within the 

PCM that was embedded directly below floor board within 

the variety of granules. During daytime, the stored energy 

successively may be accustomed take away the cooling 

load within the room. The charging/discharging 

experiment to simulate a workplace air-conditioning 

system over 24h period showed that regarding 89% daily 

cooling load can be hold on throughout night for the 

system that used a thirty metric linear unit thick packed 

bed for the granular PCM. 
 

5. Window: 

PCM window-based cooling unit based on PCM-TES and 

developed, which was firstly carried out by Xiang et al. 

[28]. At night, outdoors coolness was stored within the 

unit by natural ventilation and it had been actively released 

to indoor environment throughout daytime. The simulation 

results showed that the PCM slabs with optimum thickness 

of 5 millimeter could freeze utterly inside 7 h from 21:00 

to 4:00.  

 

Additionally, the inlet air velocity at daytime ought to be 
controlled to satisfy the effective draft temperature 

stipulated for the thermal comfort. The cooling unit may 

save about 1.9 kWh, that economized 0.95 RMB at 

intervals 1h, compared with a standard air conditioner with 

constant capacity. The planned cooling unit had the 

benefits of convenient installation for existing buildings 

and energy saving potential significantly applying natural 

ventilation at night time. On the other hand, for improving 

summer comfort in domestic residence, a PCM stock was 
coupled with summer ventilation system [29]. 

 

6. PCMs and their applications in buildings:   

Application of PCM may include any of the following 

energy-dependent fields: solar energy, industrial, 

healthcare, liquefied natural gas, green house agriculture, 

buildings, and aerospace [30]. Reviewers all over the 

world have studied the possibility of PCMs their 

applications, and their utilization in buildings for heating 

and cooling purpose.  

 

Akeiber et al. [31] reviewed PCM sustainable passive 
methods for cooling applications in building envelopes. 

The study offered an outline for the organic, inorganic, 

and mixture PCMs appropriate for cooling purpose. 

Passive ways of PCMs integrated in building envelopes 

enclosed four main applications: wall & wallboards, 

ceilings, floors and windows.  

 

II. LITERATURE SURVEY 
 

R. Velarj A. Pasupath [26], Over the world is search for 

new and renewable energy sources the devices are used in 

developing energy.it is important of developing a new 

source of energy for the environment main Role is energy 

is use it was is extensively researched for use in the solar 

heating system. The latent heat is storage when energy 

crisis sub sided the serious research of latent heat and the 

solar heating system continuously the recent research 

increasingly being considered for waste heat recovery. the 
use of the various application in power generation and air 

conditioning building energy conservation application are 

used.  

 

The last yearly the air condition demand is increasing day 

by day and loss of electricity and electric power of fossil 

fuel is hugely required with produce the huge amount of 

power generation or their application. the electric power is 

consumed by day and night and mostly uses in industrial 

purpose.  

 
Na Zhu, Zhenjun Ma, Shengwei Wang [27], The 

building sector is one of leading energy consumers and its 

share toward worldwide energy ingestion is about 40%. 

Encourage energy efficiency and preservation in buildings 

is therefore flattering one of major subject of interest to 

governments and societies today. The TES is a heat or 

cool storage that allows high or low temperature thermal 

energy to be stock temporarily for later use. Therefore, it 

can be used to assist in efficient use and provision of 

thermal energy whenever there is a mismatch between 

energy supply and demand. Already in 1940s Telkes 

investigated the use of sodium sulfate dehydrate to store 
solar energy. PCMs suitable for space heating, cooling and 

air-conditioning (HVAC) in various climate condition. 
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In building applications, PCMs can be integrated into 

building covering material such as concrete, gypsum 
wallboard, plaster; etc. This paper therefore aims at 

providing a comprehensive review on previous studies 

associated with the investigation and evaluation of 

dynamic characteristics and energy performance of 

buildings using PCMs to present the state of the art. 

 

Diana Enescu et al. [28], Thermal energy storage (TES) 

donate to the on-going process that leads to higher 

addition between different energy systems, with the 

purpose of accomplishment a cleaner, extra flexible and 

workable use of the energy resources. This paper reviews 

the current literature that refers to the development and 
manipulation of TES based solution in system connected 

to the electric grid.  

 

This solution facilitates the energy system addition to get 

additional flexibility for energy management, enable better 

use of variable renewable energy sources (RES), and 

donate the modernization of the energy system 

infrastructures, the enhancement of the grid operation 

practices that include energy shifting, and the provision of 

profitable grid service. This paper offers a balancing view 

with respect to other reviews that deal with energy storage 
technologies, materials for TES applications, TES for 

buildings, and contributions of electrical energy storages 

for grid applications. 

 

III. CONCLUSION 
 

Thermal Energy Storage (TES) system and Phase change 
material (PCMs) system this system can store heat or cold 

energy to be used later under various conditions. 

Moreover, this has been investigated for the 

implementation of renewable energies for heating/cooling 

of buildings. It used at suspended ceilings, roofs, windows 

wall & wallboards.It cost efficient and use of smart 

techniques can be done to enhance the performance of 

system. There is a lot of potential in these techniques 

which can reduce the energy demand of buildings and also 

it will improve energy efficiency of the system. There are 

also some challenging factors like reduce cost, fitting 
system in small space, and parallel fluid for cooling and as 

well for heating. 
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