
Q
nd2  International

Conference on 
Quality of Life

ISBN 978 - 86 - 6335 - 043 - 4

08.06.-10.06.2017., Kragujevac, Serbia

w
w
w
.c
q
m
.r
s

08.06.-10.06.2017. Center for Quality,  Faculty of  Engineering, University of Kragujevac

LTheoretical Approaches

Empirical Approaches

Local, Regional and
Global Quality of Life

Sustainable Development
and Quality of Life

Freedom and 
Quality of Life

Quality and 
Quality of Life

Impact of development
science and technology
on quality of life

Methodology of 
Quality of Life 
and Happiness

Management of 
sustainable 
development

Current Issues

Perspectives of 
Quality of Life nd

2 QoL
Q UA L I T Y
RESEARCH

nd
2 QoL

Q UA L I T Y
RESEARCH



                                     I  
 

 

 

          

 

2nd International 

Conference on 

Quality of Life  

 
 

   

CONFERENCE MANUAL 
 

 

June 08th-10th - 2017, Kragujevac 

Faculty of Engineering, University of Kragujevac 

 

 

 



 

II 2nd International conference on Quality of Life June 2017  

Conference manual 
 

ISBN: 978 - 86 - 6335 - 043 - 4 
   

 Editors: Dr Slavko Arsovski, full professor 

  Faculty of Engineering, Kragujevac 

  Dr Danijela Tadić, full professor 

  Faculty of Engineering, Kragujevac 

  Dr Miladin Stefanović, full professor 

  Faculty of Engineering, Kragujevac 

 

 Technical Editor: Dr Snežana Nestić, assistant professor 

  Faculty of Engineering, Kragujevac 

 

 Publisher:  FACULTY OF ENGINEERING 
  34000 KRAGUJEVAC 

  Sestre Janjić 6 

  CENTER FOR QUALITY 

  34000 KRAGUJEVAC 

  Sestre Janjić 6  

 

 For publishers: Prof. dr Dobrica Milovanović 

  Prof. dr Slavko Arsovski 
 

 No. of copies: 200  

 

 Printing: Faculty of Engineering, Kragujevac 
 

Copyright  Faculty of Engineering, University of Kragujevac, 2017. 

Copyright  Center for Quality, Kragujevac, 2017. 
 

 

Publication of Conference manual and organization of  

2ndInternational Conference on Quality of Life is supported by: 

Department of Education, Science and Technological Development of Republic of Serbia  

 

Izdavanje Zbornika radova, organizovanje i održavanje 

2nd International Conference on Quality of Life podržalo je: 

Ministarstvo prosvete, nauke i tehnolоškog razvoja Republike Srbije 

 

 



 

 2nd International conference on Quality of Life June 2017 III 

2nd International Conference on Quality of Life 

Programme Committee 
 

1. Prof. dr Slavko Arsovski, Faculty of Engineering, University of Kragujevac, 

Kragujevac, president 

2. Prof. dr Tadeusz Sikora, The Department of Quality Management, Cracow 

University of Economics, Kraków, Poland 

3. Prof. dr Ezendu Ariwa, London Metropolitan Business School, London 

Metropolitan University, London, UK 

4. Prof. dr Tadeja Jere Lazanski, University of Primorska, Koper, Slovenia 

5. Prof. dr Mirko Soković, Faculty Of Mechanical Engineering, University of 

Ljubljana, Ljubljana, Slovenia 

6. Prof. dr Milan Perović, Faculty Of Mechanical Engineering, University of 

Montenegro, Podgorica, Montenegro 

7. Prof. dr Zdravko Krivokapić, Faculty Of Mechanical Engineering, University 

of Montenegro, Podgorica, Montenegro 

8. Prof. dr Goran Putnik, University of Minho, Braga, Portugal  

9. Assoc. Prof. dr Martí Casadesús, Universitat de Girona, Girona, Spain 

10. Assoc. Prof. dr Iñaki Heras, Universidad del País Vasco, San Sebastian, Spain 

11. Prof. dr Stanislav Karapetrović, University of Alberta, Edmonton, Canada 

12. Prof. dr Miroslav Badida, Technical University of Košice, Faculty of 

Mechanical Engineering, Department of Environmental, Studies and 

Information Engineering, Košice, Slovakia 

13. Prof. dr Danijela Tadić, Faculty of engineering, University of Kragujevac, 

Kragujevac, Serbia 

14. Prof. dr Jovan Filipović, Faculty of organizational sciences, Belgrade, Serbia  

15. Prof. dr Zora Arsovski, Faculty of economics, University of Kragujevac, 

Kragujevac, Serbia 

16. Assoc. Prof. dr Gordana Nikolić, University of Rijeka, Rijeka, Croatia 

17. Prof. dr Miladin Stefanović, Faculty of engineering, University of Kragujevac, 

Kragujevac, Serbia 

18. dr Prasun Das, SQC & OR Division of the Indian Statistical Institute (ISI), 

Kolkata, India 

19. Prof. dr. Ayşegül Akdogan Eker, Yıldız Technical, University Mechanical 

Faculty, Beşiktaş/İstanbul-Turkey 

20. Prof. dr Bülent Eker, Namık Kemal University, Tekirdağ-Turkey 

21. Prof. dr Georgeta Raţă, U.S.A.M.V.B. Timişoara, România 

22. Paul M. Andre, AQE Group, Chicago,Illinois, USA 

23. Prof. dr Nenad Injac, Quality Austria, Wien, Austria 

24. Prof. dr Krešimir Buntak, University North, Koprivnica, Croatia 

25. Prof. dr Petroman Ioan, Faculty of Agricultural Management, U.S.A.M.V.B. 

Timişoara, România 



 

IV 2nd International conference on Quality of Life June 2017  

  



 

 2nd International conference on Quality of Life June 2017 V 

 

 

 

 

 

Dear friends,  

 

 

The goal of the 2nd International conference on quality of life 2017 is to 

enable knowledge analysis and transfer to all stakeholders through 

exchanging ideas and presenting the results of ongoing research in a range 

of different topics in the field of improving the quality of life. 

We invite you to participate in this important event. 

 

 

 

Sincerely yours, 

President of Organization Committee 

Prof. dr Slavko Arsovski 
 

 

 

  



 

VI 2nd International conference on Quality of Life June 2017  

CONTENT: 
 

1. Shirshendu Roy, Shreya Bagchi Roy, Sujoy Samaddar  

EMPLOYEE SATISFACTION AND WORK ENVIRONMENT- AN INDIAN 

SCENARIO 1 

2. Slavko Arsovski, Aleksandar Đorđević, Suzana Doljanica, Miloš Petronijević 

A RELATIONSHIP BETWEEN HAPPINESS AND SUCCESS OF STUDENTS ON 

MASTER STUDIES EMOTIONAL DESIGN AND QUALITY OF LIFE ....  7 

3. Milan J. Perović, Milan M.Vukčević , Srđan Đ. Martić 

SOCIAL RESPONSIBILITY AND QUALITY OF LIVING- PROCESS APPROACH

 ..........................................................................................................................  13 

4. Tadeja Jere Jakulin, Rudi Čop 

THE IMPACT OF SUNSPOT CYCLES ON TOURISTS ARRIVALS DURING 1948 

AND 2012 ........................................................................................................  19 

5. Biljana Ranković 

QUALITY MEDIA STATION: A STUDENTS’ VIEW OF THE QUALITY 

INFRASTRUCTURE IN THE WESTERN BALKANS  ................................  25 

6. Davor Grgurević , Krešimir Buntak, Vesna Sesar  

PERFORMANCE ANALYSIS OF MOTIVATION IN PUBLIC ADMINISTRATION 

 ..........................................................................................................................  33 

7. Zorica Lazic, Ivan Mijailovic, Dejan Lazic 

QUALITY OF LIFE OF STUDENTS IN THE UNIVERSITY SYSTEM AND THEIR 

IMPACT ON EDUCATIONAL PROCESS  ...................................................  49 

8. Danijela Nikolić, Jasmina Skerlić, Jasna Radulović 

ENERGY EFFICIENT BUILDINGS – LEGISLATION AND DESIGN  ......  55 

9. Alina-Andreea Dragoescu, Sandra Stefanović 

AN ECOLINGUISTIC APPROACH TO QUALITY IN ESP 

TEACHING/LEARNING ................................................................................  61 

10. Jasna Radulović, Marina Radović, Nikola Mijailovic, Vesna Ranković, Miroslav 

Trajanović 

IMPROVEMENT OF DIAGNOSTICS IN ORTHOPEDICS USING ELECTRICAL 

IMPEDANCE MEASUREMENT ...................................................................  67 

11. Zoran Davidovac, Gorana Krsmanović 

RANKING OF SUBJECTIVE PARAMETERS OF QUALITY OF LIFE OF 

STUDENTS OF BBS-HEIFAS USING THE AHP METHOD .......................  73 

 

 



 

 2nd International conference on Quality of Life June 2017 VII 

12. Nedeljka Živković, Zorana  Antić 

RANKING OF SUBJECTIVE PARAMETERS OF QUALITY OF LIFE OF 

STUDENTS OF BBS-HEIFAS USING THE AHP METHOD .......................  81 

13. Lozica Ivanović, Biljana Marković, Slavko Arsovski, Milan Rackov, Siniša 

Kuzmanović 

EMOTIONAL DESIGN AND QUALITY OF LIFE .......................................  87 

14. Slavko Arsovski, Jovan Milivojević,Tijana Cvetić 

DEVELOPMENT OF INDUSTRIAL DISTRICTS FROM ASPECTS OF QUALITY 

OF LIFE ...........................................................................................................  95 

15. Jovan Milivojević, Tijana Cvetić, Aleksandra Kokić Arsić, Nebojša Nikolić 

QUALITY OF LIFE IN CITIES – RESEARCH ASPECT .............................  101 

16. Anna Prusak, Tadeusz Sikora, Magdalena Niewczas-Dobrowolska 

THE APPLICATION OF THE ANALYTIC HIERARCHY PROCESS IN 

MEASURING THE QUALITY OF LIFE .......................................................  113 

17. Jasmina Skerlić, Budimir Sudimac, Danijela Nikolić, Blaža Stojanović, Jasna 

Radulović 

OPTIMIZATION OF THE BUILDING ENVELOPE WITH INTEGRATED 

VEGETATION MODULAR ELEMENTS USING FACTORIAL DESIGN .  121 

18. Bülent EKER, Ayşegül Akdoğan Eker, Cem Aldag 

APPLICATION OF TRIZ METHOD IN LIFE QUALITY ............................  129 

19. Mirjana Misita, Dragan D. Milanovic, Predrag Dragojlovic, Aleksandar Zunjic 

RISK MANAGEMENT AND MULTIPLE CRITERIA DECISION MAKING OF 

ENTERPRISE PRODUCTION PROGRAM ...................................................  133 

20. Boris Agarski, Djordje Vukelic, Mijodrag Milosevic,Borut Kosec, Igor Budak 

MULTI-CRITERIA DECISION MAKING AND LIFE CYCLE MANAGEMENT 

MODEL FOR OPTIMAL TRANSPORT SELECTION .................................  139 

21. Oliver Momčilović, Dejan Obućinski, Tijana Cvetić, Tamara Vesić, Slađana Vujičić 

APPLICATION OF STRUCTURAL EQUATION MODELING IN FUNCTION OF 

SUSTAINABLE SUCCESS OF BUSINESS ENTITIES ................................  145 

22. Dajana Živković, Nikola Komatina 

DETERMINATION OF THE LEVEL OF RISK IN MANUFACTURING SUPPLY 

CHAIN .............................................................................................................  153 

23. Nikola Komatina, Dajana Živković 

DETERMINATION OF BUSINESS SUCCESSFUL OF SUPPLY CHAIN AND 

INFLUENCE ON CUSTOMERS AND EMPLOYEES ..................................  161 

24. Zoran Marjanović, Miomir Raos, Milena Jovanović, Milan Protić 

THE STATE OF AIR POLLUTION IN KRAGUJEVAC CAUSED BY THE 

OPERATION OF ENERGETIKA, LLC .........................................................  167 



 

VIII 2nd International conference on Quality of Life June 2017  

25. Nenad Todić, Slobodan Savić, Dušan Gordić 

DEVELOPMENT AND DESIGN OF WATER HYDRAULICS COMPONENTS 

 ..........................................................................................................................  175 

26. Aleksandar Pavlović, Milan Pavlović, Miroslav Vulić, Aleksandar Tomović 

TESTING AND RESULTS VALIDATION OF SIMULATION OF RECYCLING 

PROCESS AND QUALITY OF LIFE .............................................................  181 

27. Srećko Ćurčić, Tijana Cvetić 

OBJECTIVES LIFECYCLE OF THE VEHICLE AS A FUNCTION OF THE 

QUALITY OF LIFE .........................................................................................  187 

28. Jelena Nikolić, Zoran Končalović  

THE PRESERVATION OF ENVIROMENTAL QUALITY WITH REDUCTION OF 

CARBON DIOXIDE EMISSIONS DURING THE HEATING OF EXISTING 

BUILDING .......................................................................................................  195 

29. Vasiljević Saša, Rajković Dragan, Đorđević Miloslav 

ECOLOGICAL ASPECTS OF VEHICLES IN ROAD TRANSPORT ..........  201 

30. Slavko Arsovski, Danijela Tadić, Lozica Ivanović, Tijana Cvetić 

THE IMPACT OF PRODUCING DEVICES FOR RECYCLING ON THE 

ENVIRONMENT .............................................................................................  209 

31. Slavko Arsovski, Sonja Kostić, Danijela Tadić, Tijana Cvetić 

A NEW MODEL FOR EVALUATION AND SELECTION OF RECYCLING 

TECHNOLOGIES ...........................................................................................  217 

32. Elżbieta Wolanin-Jarosz  

ANALYSIS AND ASSESSMENT OF LIVING CONDITIONS AND LIFE 

QUALITY OF POLISH ECONOMIC EMIGRANTS IN ENGLAND ...........  223 

33. Ohoud Rashed Alfalahi, Khouloud Abdullah Al Awadhi 

THE RELATIONSHIP BETWEEN THE LEARNING ORGANIZATION AND ITS 

LEVEL OF PERFORMANCE AND EFFICIENCY IN PUBLIC-SECTOR 

ESTABLISHMENTS .......................................................................................  233 

34. Saad Albarout, Hamza Salem 

SYSTEM 4 IN ORGANIZATION DEVELOPMENT IN PERSPECRTIVE OF 

LEADERSHIP AND EMPLOYEE RELEATIONSHIP ..................................  241 

35. Miloš Milošević 

TIME USE AS A QUALITY OF LIFE FACTOR ...........................................  247 

36. Ljubisa Bojić 

CLASSIFICATION OF MEDIA ADDICTION ..............................................  253 

37. Ljubisa Bojić 

INITIATION OF MEDIA ADDICTION .........................................................  261 



 

 2nd International conference on Quality of Life June 2017 IX 

38. Ivana Bulut Bogdanović, Zoran Nešić, Miroslav Radojičić, Đorđe Mihailović 

IMPROVEMENT OF BUSINESS QUALITY BY APPLICATION OF INTERNET 

TECHNOLOGY ...............................................................................................  271 

39. Miladin Stefanović, Snežana Nestić, Aleksandar Đorđević, Hrvoje Puškarić, Marija 

Zahar Đorđević 

DEVELOPMENT AND IMPLEMENTATION OF SYSTEM FOR PERFORMANCE 

EVALUATION FOR SERBIAN HEIS AND SYSTEM AS A TOOL FOR QUALITY 

IMPROVEMENT .............................................................................................  275 

40. Bülent Eker, Aysel İçöz 

QUALITY-BASED SOLUTIONS IN FOOD INDUSTRY MACHINERY ...  281 

41. Magdalena Niewczas-Dobrowolska, Tadeusz Sikora, Anna Prusak 

FOOD QUALITY AND SAFETY AS IMPORTANT ASPECTS OF QUALITY OF 

LIFE .................................................................................................................  287 

42. Bülent Eker, Aysel İçöz 

SMART, ACTIVE AND SUSTAINABLE FOOD PACKAGING .................  293 

43. Grbić Ljiljana, Bojanić Nevena 

THE IMPACT OF THE QUALITY OF LIFE ON FACULTY PERFORMANCE 

 ..........................................................................................................................  303 

44. Angela Fajsi, Slobodan Moraca, Nela Cvetkovic 

QUALITY OF WORK LIFE OF EMPLOYEES IN SMES: DOES SMALL 

BUSINESS ENCOURAGE SKILL DEVELOPMENT? .................................  311 

45. Predrag Pravdić, Snežana Gavrilović 

IMPACT OF DEVELOPMENT OF INFORMATION TECHNOLOGIES ON THE 

QUALITY OF LIFE IN SERBIA ....................................................................  317 

46. Vasiljević Saša, Bošković Bojana, Mladenović Milan 

INFLUENCE OF NOISE WHOSE SOURCE ARE VEHICLES ON CITIZENS OF 

KRAGUJEVAC AND THEIR QUALITY OF LIFE .......................................  323 

47. Zorica Djordjević, Saša Jovanović, Sandra Veličković, Djurdje Jović, Jovana 

Milićević 

INFLUENCE OF APPLICATION OF NEW MATERIAL IN AUTOMOTIVE 

INDUSTRY ON IMPROVING QUALITY OF LIFE .....................................  329 

48. Dragan Cvetković, Aleksandar Nešović, Ljubiša Bojić 

THE IMPACT OF INPUT TEMPERATURE AT PANEL HEATING SYSTEM TO 

HEAT THE SPORTS HALL ...........................................................................  333 

 

 

 



 

X 2nd International conference on Quality of Life June 2017  

49. Francisc Popescu, Bogdana Vujic, Adrian-Eugen Cioabla, Milan Pavlovic, Delia-

Gabriela Calinoiu Aleksandar Djuric, Gavrila Trif-Tordai 

USE OF AIR DISPERSION MODEL FOR SUSTAINABLE MANAGEMENT AND 

PLANNING OF TRANSBOUNDARY INDUSTRIAL ACTIVITIES. 

OBSERVATIONS ON A CLOSED MINING TAILING POND....................  339 

50. Jarosław Kaczmarek 

QUALITY OF TRANSPORT TECHNICAL MEANS AND ITS EFFICIENCY 

 ..........................................................................................................................  343 

51. Jasna Radulović, Danijela Nikolić, Jasmina Skerlić, Mina Vasković 

USE OF PHASE CHANGE MATERIALS FOR BUILDING INTEGRATION 

 ..........................................................................................................................  351 

52. Hrvoje Puškarić, Sonja Kostić, Aleksandar Aleksić, Danijela Tadić 

THE EVALUATE OF A NEW DEVELOPING PROJECTS UNDER UNCERTAIN 

MARKET .........................................................................................................  357 

53. Jovan Milivojević, Tijana Cvetić, Ivan Savović, Nebojša Nikolić 

QUALITY OF LIFE IN THE FOLLOWING CENTURIES ...........................  363 

54. Jovan Milivojević 

FUNCTIONAL RELATIONSHIP BETWEEN MATERIAL ME AND MIND ME - I 

AM ...................................................................................................................  379 

55. Radomir Brzaković, Miodrag Brzaković, Dragana Doljanica 

EDI AND ITS POWER TO CHANGE BUSINESS AND LIFE-CASE STUDY 

 ..........................................................................................................................  401 

 



2nd International conference on Quality of Life 

June 2017 

Center for Quality, Faculty of Engineering, University of Kragujevac  

 

2nd International conference on Quality of Life, June 2017                            351 

 

 

 

Jasna Radulović1) 

Danijela Nikolić1) 

Jasmina Skerlić1)  

Mina Vasković1)  

 

1) Faculty of Mechanical 

Engineering, University of 

Kragujevac, Serbia 

{jasna@kg.ac.rs, 

danijelan@kg.ac.rs, 

jskerlic@gmail.com, 

mina.vaskovic@gmail.com} 

 

USE OF PHASE CHANGE MATERIALS FOR 

BUILDING INTEGRATION 
 

Abstract: Solar energy has a very important influence on 

the environment. The development of new technologies in 

this area is very important for numerous reasons and is 

topic of many studies today. Integration of phase change 

materials (PCMs) into building structures has been found 

as appropriate for application in Building integrated 

systems. These materials have applications in buildings for 

effective use of solar energy. There is large number of 

PCMs that melt and solidify at wide range of temperatures, 

making them attractive in a number of applications, but 

many more applications are yet to be discovered. This 

paper investigates the possibility of using PCMs for 

building integration of Building Integrated Systems. 

Keywords: Phase change materials, Building integrated 

systems 

 

1. INTRODUCTION 
 

In the building sector there is a new 

tendency to integrate solar thermal technologies 

into buildings. These systems are known as 

Building-Integrated Solar Thermal (BIST) [1]. 

BIST systems also cover other types of BI solar 

configurations such as Photovoltaic (PV) and 

Photovoltaic/Thermal (PVT).  

The solar collectors used for standard 

BISTSs are of various designs and built using 

different types of material. Plastic plates or 

black painted metal (usually copper based on 

high corrosion resistance and rarely steel or 

aluminium) are most often used as absorbers on 

solar collectors. For the purposes of solar 

collector glazing, low-iron glass is the most 

utilized material. The insulation material used 

for flat plate solar collectors’ insulation is a 

selective grade of CFC free polyurethane foam 

(PUF). 

Furthermore, BIPV systems are based on 

different technologies. Silicon (Si) is the most 

commonly used material here. Due to its high 

efficiency, silicon is the leading material when 

PV cells technology is concerned. The first 

generation corresponds to the most 

commercially available crystalline silicon PVs. 

The second generation corresponds to thin film 

technology PVs. Rather than a crystal structure; 

the structure of silicon atoms of amorphous 

silicon cells is a thin homogenous layer. 

Amorphous silicon cells are composed of 

silicon atoms in a thin homogenous layer rather 

than a crystal structure. After silicon, the new 

technologies were developed, based on 

compounds of cadmium sulphide, cadmium 

telluride, cuprous sulphide, gallium arsenide, 

copper indium gallium selenide/copper indium 

selenide and dye-sensitized solar [2]. The third 

generation consists of still in research phase 

PVs with mainly concentrated PVs, quantum 

dots PVs and hybrid PVs [3]. 

The fast paced technology development 

during the last decades of  XX century led to 

the appearance of several new materials 

suitable for use in BISTS, such as phase change 

materials (PCMs), nanomaterials and 

nanofluids, which revealed many interesting 

properties reported in the past decades [4]. The 

unique set of features of these materials offers 

unprecedented potential for various 

applications, including Building Integrated 

Solar Thermal Systems. Innovative ideas such 

as systems with phase change materials are 

very promising in future prospect. 

This paper is organized in the following 

way: in Section 2 classification of PCMs from 

aspect of their application for building 

integration is given, PCM application in BISTS 

is presented in Section 3, and final remarks are 

given in Section 4. 
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2. CLASSIFICATION OF PCMs 
 

A large number of PCMs are available in 

any required temperature range. PCMs utilize 

the latent heat of phase change to control 

temperatures within a specific range.  

Matherial changes the state from solid to 

liquid with the temperature increase by 

apsorbing the heat in endothermic process. The 

opposite reaction happens when the 

temperature decreases. As the phase change 

temperature, obtained from energy used to alter 

the phase of material, is around comfort room 

temperature, indoor climate becomes more 

comfortable and stable in buildings with phase 

change materials. This will also cut peak 

cooling and heating loads. Good performance 

of used PCMs can be accomplished in buildings 

with low thermal mass, increasing the heat 

storage capacity, where temperature range 

depends on PCMs used [5]. 

PCMs may be generally classified as 

organic, inorganic and eutectics. These 

categories are further divided based on the 

various components of the PCMs and one of 

classifications is given in Fig. 1 [6].  

 

Phase Change 

Material

Paraffins

Easter,

Alcohols,

Glycols, etc.

Non-

Paraffins

Fatty Acids

Metallic

Inorganic-Inorganic

Inorganic-Organic

Organic-Organic

Salt hydrates

Organic

Inorganic

Eutectics

 Figure. 1 – General categorization of PCMs 
 

Another classification, Fig. 2, where 

difference in melting enthalpy and melting 

temperature for some of the most common 

materials used as PCMs was suggested by 

Cabeza et al. in [7]. 

 

 
 

Figure 2 – Classes of materials that can be 

used as PCM with regard to their typical 

range of melting temperature and melting 

enthalpy (graph: ZAE Bayern) [7] 

 

2.1 Organic PCMs 

 
Organic PCMs are divided into paraffin 

and non-paraffin. Organic materials include 

congruent melting, self nucleation and usually 

non-corrosiveness to the container material [6].  

Paraffins are available in a large 

temperature range (Fig. 2) opening up for use in 

various other areas besides building related 

applications. Non-paraffins used as PCMs 

include fatty acids and their fatty acid esters 

and alcohols, glycols, etc. Fatty acids have 

received the most attention for use as PCMs in 

buildings. The most interesting fatty acids for 

PCMs purposes include lauric acid, myristic 

acid, palmiticacid and stearic acid. Organic 

PCMs have many qualities which make them 

suited for building applications. However, the 

fact that many organic PCMs are considered 

flammable is a crucial drawback for which 

impacts the safety aspect of organic PCMs 

considerably when aimed at building 

applications [4, 5].  

 

2.2 Inorganic PCMs  

 

Inorganic materials are further classified 

as salt hydrate and metallic. These phase 

change materials do not supercool appreciably 

and their heats of fusion do not degrade with 

cycling [6]. Inorganic compounds have a high 

latent heat per unit mass and volumes are low 

in cost in comparison to organic compounds 

and are non-flammable.  

For building applications however, 

metallic are not within the desired temperature 



 

2nd International conference on Quality of Life, June 2017                            353 

range and in addition they have severe weight 

penalties making them unsuited. Hydrated salts 

consist of an alloy of inorganic salts and water 

and enable a cost-effective PCM due to easy 

availability and low cost. The phase change 

transformation involves hydration or 

dehydration of the salts in a process that 

resembles typical melting and freezing. The salt 

hydrate may either melt to a salt hydrate 

containing less water or to an anhydrous form 

where salt and water is completely separated [4, 

6]. 

 

2.3 Eutestic mixtures  

 

A eutectic is a minimum-melting 

composition of two or more components, each 

of which melts and freeze congruently, forming 

a mixture of the component crystals during 

crystallization [8]. Eutectics can be made as 

organic–organic, inorganic–inorganic or 

organic–inorganic mixtures. This gives space 

for a wide variety of combinations that can be 

appropriate for specific applications.  

The most commonly studied organic 

eutectic mixtures consist of fatty acids. 

Capability to obtain more desired properties 

such as a specific melting point or a higher heat 

storage capacity per unit volume is one of 

advantages of eutectic mixtures. The thermo-

physical properties are to be tested and proved 

in the future, which makes them adequate for 

further investigations, as well for applications 

in building sector [4].  

 

3. PCM APPLICATIONS IN BISTS 
 

The incorporation of PCM in different 

applications in BISTS has grown interest to the 

researcher.  

PCM can be used in thermal energy 

storage applications. Investigation and analysis 

of the available thermal energy storage systems 

incorporating PCM for use in different 

applications are summarizes by 

Sharma et al. in [6]. 

The ideal PCM to be used for any thermal 

storage system must meet following 

requirements: high sensitive heat capacity and 

heat of fusion; stable composition; high density 

and heat conductivity; chemical inert; non-toxic 

and non-inflammable; reasonable and 

inexpensive. In the nature, the salt hydrates, 

paraffin and paraffin waxes, fatty acids and 

some other compounds have high latent heat of 

fusion in the temperature range from 30ºС to 

80ºС that is interesting for solar applications. 

PCM's are chemical substances that undergo a 

solid-liquid transition at temperatures within 

the desired range for heating purposes. During 

the transition process, the material absorbs 

energy as it goes from a solid to a liquid and 

releases energy as it goes back to a solid. Most 

organic PCMs are non-corrosive and 

chemically stable; they exhibit little or no 

subcooling, and are compatible with most 

building materials and have a high latent heat 

per unit weight and low vapor pressure [4]. 

The integrated PCM solar collector storage 

concept is economically promising in low 

temperature solar water heating systems for 

domestic, agricultural and industrial 

applications. A system of this type combines 

collection and storage of thermal energy into a 

single unit. This integrated solar collector 

storage water heater approach was developed 

from early systems and comprised simply of a 

simple black vessel placed in the solar 

collector. Integrated PCM solar collector for a 

low-temperature SDHW system using salt 

hydrate eutectic mixture where the PCM is held 

inside the collector and thermally discharged to 

cold water flowing through a heat exchanger is 

developed by [9]. Integrated system is shown in 

Fig. 3. 
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Figure.3 – Integrated PCM solar collector 

storage system designed  

A type of water-PCM solar collector 

consisting of two adjoining sections is 

developed in [10]. One section is filled with 

water and the other with paraffin wax, where 

melting temperature is in range 45–50o C, as it 

is shown Fig. 4. The experimental results 

indicated that the water temperature could 
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exceed 55o C during a typical day of high solar 

radiation and remain over 30o C during the 

whole night. 
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Figure 4 – Schematic view of solar collector 

construction with PCM  

 

The key component in the solar domestic 

hot water system using phase change materials 

is the latent heat storage unit. Many researchers 

focused on improving the heat transfer inside it, 

in order to improve the energy storage and 

thermal performance of solar hot water 

systems. Two main fields of interest are 

configuration of the latent heat storage unit to 

improve heat transfer inside the unit, and the 

heat transfer mechanism in the PCM [11]. 

A large number of solid–liquid PCMs have 

been investigated for heating and cooling 

applications [6]. 

 One interesting application of PCMs, 

which combined phase change materials in a 

roof-integrated BIPV/T air system is given 

below. A ceiling ventilation PV/T system 

improved by phase change materials (PCMs) 

was developed by Lin et al. in [12]. This system 

is called PVT–PCM integrated ventilation 

system, Fig. 5.  

This system was compared to two different 

designs: PCM without a PV/T collector and a 

ceiling without any system attached.  

Two experiments were conducted, in 

winter and summer climate conditions. The 

outlet air temperature of the PCM-PV/T system 

was maintained in range of approximately 20.6o 

-24.5o C in winter climate conditions. Without 

PV/T collector the outlet air temperature was 

below the melting point of PCM (21o C) in 

same conditions. Thus the PCM acts as an 

insulator when there is no PV/T collector 

attached to it. Also, unlike the other two 

designs which coused temperature fluctuations 

between day-time and night-time, the proposed 

systems were able to maintain the indoor 

temperature at 18.9 o C. 

 
 

Figure 5 – PVT–PCM integrated 

ventilation system 

 

In summer climate conditions the 

proposed PCM system and PCM without PV/T 

collector system gave similar values. This is 

due to weak radiative cooling effect of the 

PV/T system. During the summer, PCM-PV/T 

and ceiling-PV/T systems had the average 

thermal and electrical efficiencies of 13.6% and 

8.26% respectively. Enhancement of the 

thermal performance during winter was 

achieved by adding PCM onto PV/T system 

[13].  

Apart from providing solar heating during 

winter day time, electricity generation and sky 

radiative cooling during night time, this system 

also increases insulation plus thermal energy 

storage with the PCM component [14]. 

 

4. CONCLUSION 
 

PCMs have received considerable 

attention over the last decade as very attractive 

materials in a number of applications. They 

represent an innovative solution that can 

contribute to the improvement of the energy 

performance of buildings. Incorporation of 

phase change materials into building structures 

has been found as useful for reduction of 

temperature fluctuations, while main-taining 

the thermal comfort.  

This study demonstrated that the use of 

PCMs can play an essential role in solar 

thermal applications. PCMs have predictable 

applications in buildings for effective use of 

solar energy, but many more applications are 

yet to be discovered. 
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