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ABSTRACT: 
 

This study examines Traditional and New Technology Insulation Material such as 

(PCM) in residential buildings for enhancing the indoor air quality and reducing the 

energy consumption in hot dry Climatic. Insulation materials can be a cost effective 

way of reducing the heat and achieve thermal comfort inside building. Hence, 

improving thermal comfort. It is a new way to design the smart buildings with light 

weight. It is quite evident from the preceding reviews that the thermal improvements 

in a building due to the inclusion of PCM depend on the melting temperature and 
orientation of the building.  

 
 

Key Words: Thermal comfort, Thermal Insulation, Traditional material, Phase 

Change Material (PCM), Sustainable Technologies, Energy Consumption, Hot Dry 

Climate, New technology of insulation, Mineral wool. 
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 الحرارية الراحة تحقيق كمواد عازلة في  (PCM) تأثير استخدام مادة تكنلوجية جديدة    

 للمباني السكنية مقارنة بالمواد التقليدية
 

 

 

 

 

في المباني السكنية لتعزيز جودة الهواء  (PCM) مثلتتناول هذه الدراسة مواد العزل التقليدية والتكنولوجية الجديدة 

المناخية الجافة الحارة. يمكن أن تكون مواد العزل وسيلة فعالة من حيث  المناطقالداخلي وتقليل استهلاك الطاقة في 
ريقة جديدة التكلفة للحد من الحرارة وتحقيق الراحة الحرارية داخل المبنى. وبالتالي ، تحسين الراحة الحرارية. إنها ط

 استخدام  الحرارية في المبنى بسبب  تحسين  الراحه  هأنويتضح من البحث لتصميم المباني الذكية ذات الوزن الخفيف.
PCM تعتمد على درجة حرارة ذوبان وتوجيه المبنى. 

 

، التقنيات المستدامة ،  (PCM: الراحة الحرارية ، العزل الحراري ، المواد التقليدية ، مواد تغيير الطور )دالهالكلمات ال
 استهلاك الطاقة ، المناخ الجاف الحار ، تكنولوجيا العزل الجديدة ، الصوف المعدني
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ABSTRACT: 

This study examines Traditional and New Technology Insulation Material such as 

(PCM) in residential buildings for enhancing the indoor air quality and reducing the 

energy consumption in hot dry Climatic. Insulation materials can be a cost effective 

way of reducing the heat and achieve thermal comfort inside building. Hence, 

improving thermal comfort. It is a new way to design the smart buildings with light 

weight. It is quite evident from the preceding reviews that the thermal improvements 

in a building due to the inclusion of PCM depend on the melting temperature and 
orientation of the building.  
 

 

Key Words: Thermal comfort, Thermal Insulation, Traditional material, Phase 

Change Material (PCM), Sustainable Technologies, Energy Consumption, Hot Dry 

Climate, New technology of insulation, Mineral wool. 

 

INTRODUCTION: 

The thermal mass plays a vital role in decreasing the indoor fluctuations 

temperatures.New technology material in building insulation as Phase Change material 

(PCM)can use to provide both temperature regulation and additional thermal mass to 

new existing structures. Thisprovides light weight buildings with the advanced thermal 

properties of the ircounter parts as well as savings in the amount of energy required to 

maintain indoor comfort levels. 

Insulation Materials for energy efficiency and thermal comfort in buildings reviewsthe 

advanced building materials applicable for improving the built environment, it reviews 

detailsthe development of insulation materials advanced and sustainable technologies 

as phasechange material for application to achieve the perfect thermal comfort in 

buildings. This search reviews the application of advanced insulation materials, design 

and technologies in arrange of existing and new residential buildings in hot 

climates.The Main aim Explores improving energy efficiency and thermal comfort 

through insulation material selection and sustainable technologies. 

It is well known that insulation is the basic solution to a very common problem butlow 

energy costs have allowed us for too long to give it short shrift. It has not reached to 

addressthe insufficient thermal coverings of our buildings. Having chosen instead to 

hook them up withall sorts of high-tech mechanical devices to manufacture artificially 

tempered livingenvironments no matter the necessity and the energy costs.  
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Insulating materials are a tool for the designer and the constructor to achieve high 

energy efficiency in buildings. The insulation of the walls and the airspace within the 

walls becomeless and less important with modern systems of air conditioning and 

heating, you can manage almost any condition. Armed with that unfortunate logic, we 

spent decades equipping our buildings with the necessary equipment to“manage 

almost any condition ”instead of pursuing solutions that require less mechanical 

intervention. The major reason for the energy consumption of buildings rises well 

above that of both the transportation and industry sectors as our nation’s number one 

fuel guzzling beast. [4] 

Now all countries are facing major threatsin energy shortages and pollution. And there 

has been a large number of energy-saving and environmental protection pressure 

because it is one of the important aspects in the society. Due to the rapid economic 

growth has led to increased urbanization and including a significant increase in energy 

consumption in buildings such as the energy used in cool ingand heating inside 

buildings. Data shows that the building sector contribution toward global energy 

consumptionis about40%. 

 

New technology materials like a transparent insulation are a properly last 

development,that they have the advantage of utilizing solar gains together with the 

decreasing of thermal losses by means of conductivity. However ,remains limited due 

to their high cost. The attention of environmental friendly building materials is one of 

the process of enforcing energyconservation and environmental protection and how 

new technology materials achieve theenvironmental factors, energy consumption and 

human’s thermal comfort in buildings. 

For twenty years, insulation materials being one of the most important and interesting 

for building’s problem. It focus about energy consumption and life-cycle analysis. 

Insulation materials revolve around its embodied energy the re-use options of the 

material or its safe disposal 

Today, new insulation technology materials are effective, however they would save 

more energy if they used temperature differences between day and night for cooling 

system. Using mass building as a storage medium is well known. This concept of 

night-time cooling has already been successfully procee din many construction 

projects. Energy storage can be achieved through using PC Minsulation materials. 

PCM can used paraffin or salt hydrates in the range of use being between 20°C and 25 

°C. 

New Technology materials like: Gas Filled Panel (GFP) Insulation,Nano 

technology,Phase change materials, bio phase change materials. 

Objective: 

The impact of integration of new technologyinsulation material phase 

change material (PCM) as insulation material on thermal comfortin residential 

buildings compared to traditional material. The level of thermal comfort depends 
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on both the environmental dependent variables and personal dependent variables. 

Thermal insulation material controls play a key role in this action. It controls 

provide building Protection from high temperature and more comfortable for users 

.Also energy saving by using insulation materials inside buildings.[1] 

Finally, the world pays attention to the fact that insulation materials 

themselves contribute to green house gase missions and global warming. This 

happens in two ways: through the embodied energy of the insulation (the energy use 

and greenhouse gas emissions that resultfrom manufacturing and transporting the 

material) and with some foam insulation materials through the blowing agents that 

are highly effective green house gases.[6] 

 

Methodology: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Problem:Insulationmaterialsand 
Thermal Comfort inResidential 

Buildings 

Aim:toreachthermal comfortin 
Residential Buildingsbyusing 

PCMMaterial 

Objective:Study the thermal 
insulationmaterial(PCM) in 

Residential Buildings 

 

 

Hypothesis:Insulationmaterial(PC
M) more efficient than traditional 

material to achieve thermalcomfort  

DataCollectio
n 

Simulation &Analysis 

Result
s 

Conclusion 
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INSULATION MATERIAL ANDMETHOD  

Experimental study:    

Simulation Method:  
 

1. Insulation materials 

 -Traditional (Mineral wool) 

 - New technology material (Phase Change Material) 

2. Weather, data collected in the field,surveys and instruments 

3.Softwareclimate (Design Builder Program) Method for analysis and compare two 

insulation material in same conditions and place. 
 

InsulationMaterials: 

     The study simulates residential building in hot dry climate. Materials data 

collected;  destiny,  thickness, thermal conductivity, the software and instruments to 

conduct the simulation. it used for comparison between two insulation material 

smineral wool as traditional material and phase change material (PCM) as new 

technologymaterial. 
 

Data: 

Temperature data, climate data, wind speed and relative humidity was collectedfor 

residential building inEgypt. 
 

Software andInstruments: 

In this study data evaluate thermal comfort of buildings by “Design Builder” software 

which used as an environmental design tool. 
 

Design Builder: is a conceptual design analysis tool and simulation software 

package by designed the U.S. Department of Energy. It is a software leading 

provider of Energy Performance Certificate and Building Regulations. The 

simulation product’s design builder provides to designers on energy 

consumption, thermal comfort for users, carbon emissions andthe status of the 

building with regard to several national building regulations and certification 

standards. This program is able to offer considerable expertise in the building 

energy analysis.  
 

Reasons for choosing this program ( Design Builder ) Simulation Program:  

1. PCM a new technology insulation material and no simulation program has this 

material. 

2. Deign builder has PCM materials in last versions withProperties and 

characteristics. 

3. Included PCM types as BIOPCM , Micronal PCM with all properties. 

4. Comparing and results with graphs.  

5. Accurate analysis. 

 

 

INPUT:Design Builder program stipulates the designer a set of environmental 

performance data like: internal comfort data, climate data zone and energy 

consumption. 
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OUTPUT:Results which evaluate by >> ASHRAE 55 comfort criteria standard, 

Temperature distribution curves, Kansas UniTS V, Pierce Discomfort Index (DISC), 

ThermalSens. 
 

Weatherdata: 

Location: Cairo,Egypt 

Climate :Hot dry climate 

- It will be included: High temperature, large difference temperatures between 

day and night causing heatstress, Low relative humidity, A few rain and Strong 

direct solar radiation. 

1. Temperature Range 

 

 

 

 

 

 

 

 

 

 

 

 
                                           Figure 1.Temperaturerange [10] 

In the Temperature Range Fig.1 

1. Show the Record ofhigh and low Temperatures (round dots) are the highest and 

lowest Dry Bulb Temperatures in each month or over the full year. 

2. The single bar on the right hand side shows the Annual Design High or Low 

Temperatures (top and bottomof green bars). They are used to calculate the size 

of the heating and cooling equipment. 

3. The temperature is moderate all the year. 

4. Temperature increases in summer resulting in a lack of thermal comfort, 

therefore high thermal mass and overhangs would be better for the protection of 

the building in summer. 

2. Radiation range: 

 

 

 

 

 

Figure 2. Radiationrange [10] 
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In Figure 2.Radiationrange 

 Show The direct normal radiation is less than the global horizontal radiation 

and this is a resultof the incidenceangle.  

 

3. Wind velocity: 

 

Figure 3. Windvelocity [10 

The figure 3 Windvelocity, Show the wind velocity over the month and year. 

 

4. Timetable plot: 

 

Figure 4. Timetable plot [10] 

Figure 4Timetable plot,  

1. Shows the months of the year along the bottom 

2. The hours of the day along the side.  

3. The time when Sunrise and Sunset occurs for each month in this latitude is 

indicated by the curved yellow lines. 

4.  Illustrating the temperature filed throughout the year in various day times, in 

Egypt it does not exceed 38° c. 
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5. Psychometric char 
Figure 5. Psychometric chart [10] 

The Psychometric Chart inFigure 5 

1. One of the most powerful graphic design tools in Climate Consultant because it 

not only shows which building design strategies to use but also quantifies how 

effective each will be. 

2. There different ranges of temperature in this region, illustrating the main points 

must be available in the building to achieve the thermal comfort Simulation: 

 

Methoddescription 
The methodology is based on the building insulated 

analysis with two different insulation materials 

(traditional and new technology) in Egypt in real 

climatic conditions. 

 

The procedure is composedof: 

1. Preliminary study for climatedata. 

2. Data collection of insulation materials. 

3. Model design for residential building. 

4. Simulation &analysis. 

 

Description of case study: 

              This case study for residential spaces choosing 

by North orientation shownin figure 6 

 

• Case study : 2 building modelsA,B 

Model A: with Mineral woolinsulation 

Model B: with Phase Change Material (PCM)insulation 

 

• Location : Cairo,Egypt 

• Construction of buildings: Brick, concrete, plaster, 

paint. 

• Type of case studies: Residentialunit. 

• Procedure 
1. Case studyinformation 

Figure 6: Case Study design forsimulation 
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Number of spaces: 2 spaces in residentialunit 

High: 3.3m 

 Total Wall thickness: 33 cm 

InputData: 

Case study mineral wool parameters: 

Exterior Walls 

Figure 7 show the  5layers of the wall 

 

 

 

 

Floor: 3layers 

Figure 8 show LayerMaterial Thickness which is 

1 Ceramic 2.5 cm 

2 Cement  5 cm   

3 Concrete 15 cm 

Figure 9 show the layers of the roof 

Layer Material Thickness 

1 Tiles 2.5cm 

2 Cement 5cm   

3 lattice 0.3cm 

4 Mineral 

Wool 

10cm 

5 Concrete 15cm 

   

Opening:  

 Zone 1: 3 windows Width = 400 cm, Height = 

150cm 

 Zone 2: 2 windows Width = 200 cm, Height = 

150cm 
Windows 10% from area’s space with code 

standard  

Orientation: North 

Figure 9.Roof Section for mineral wool 

Layer Material Thickness 

1 Brick 20cm 

2 Mineral 

Wool 

10cm   

3 lattice 0.3cm 

4 Plaster 2.5cm 

5 Paint 0.5cm 

Figure 7.Wall section mineralwood 

Figure 8. 
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Case study Phase Change Material (PCM) insulation parameters:  

Exterior Walls: 

Figure 10 show the  5layers of the wall 

Layer Material Thickness 

1 Brick 20cm 

2 Bio PCM 

M91/Q29 

3.7cm   

3 lattice 0.3cm 

4 Plaster 2.5cm 

5 Paint 0.5cm 

 

Floor: 3layers 

Figure 11 show the Layer Material

 Thickness 

1 Tiles  2.5 cm 

2 Cement  5 cm   

3 Concrete 15 cm 

 

 

 

BioPCM M91: is like having a 91 Btu air conditioner during the day and a 91 Btu 

heater at night for every square foot installed. It has a large thermal energy storage 

capacity product and the lowest cost per Btu of thermal energy storage capacity. 

Roof 

Figure 12 show the layers of the roofsection for PCMinsulation 

5layers: 

Layer Material Thickness 

1 Tiles 2.5cm 

2 Cement 5cm   

3 lattice 0.3cm 

4 Bio PCM 

M91/Q29 

3.7cm 

5 Concrete 15cm 

Opening: 

Zone 1: 3 windows Width = 400 cm, Height = 150cm 

Zone 2: 2 windows Width = 200 cm, Height = 150cm 
Windows 10% from area’s space with code standard  

Orientation: North 

 

 

Indoor 

Figure 11.Floor Section for PCM Casestudy 

Soil 

 

Figure 12.Roof section for PCMinsulation 

 

Figure 10.Wall sectionPCM 
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Comparison between Mineral wool and PCM 

OutputData: Heating design 

 Figure 13 and Table.1 show the different between the Temperature and heat loss for 

Mineral Wool andPCM 

 

Mineral wool: 

 
Figure 13. Mineral Wool Temperature and heat loss 

PCM: 

Figure 14. PCM Temperature and heat loss 

Insulation 

materials 

Air 

temperature 

Radiant 

temperature 

Operative 

temperature 

Outside 

Dry 

Mineral wool 

(
o
C) 

24 18 19 5 
PCM (

O
C) 21 19 20 5 

 Table.1 Temperature and heat loss for Mineral Wool andPCM 

OutputData: 

Temperature and Heat GainsSub-Hourly 

 Figure 14,15 show difference between the Temperature and heat gains for Mineral 

Wool andPCM 
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Figure 14. Temperature and heat gains Mineral Wool 

 
Figure 15.Temperature and heat gains forPCM 

Radiant TemperatureAnalysis: 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 16.Radiant Temperature 

 

 

Figure 16 show comparison   

-Total average for mineral wool insulation in Radiant Temperature = 32.1oc 

-Total average for PCM insulationin Radiant Temperature = 28oc 

-Temperature difference between insulation materials =4.1oc 

Operative Temperature Analysis: 
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Figure 17.OperativeTemperature 

Figure 17.showtheTotal average for mineral wool insulation and for PCM insulation in 

in OperativeTemperature. 

-Totalaverage for mineral wool insulation in Operative Temperature = 30.30c 

-Total average for PCM insulation in Operative Temperature = 270c 

-Temperature difference between insulationmaterials =3.3oC 

Outside Temperature and Air TemperatureAnalysis: 

 

 

 

 

 

 

 

Figure 18.Outside and Air Temperature for insulationmaterials 

Figure18.Shown the different between. Outside and Air Temperature for 

insulationmaterials&PCMinsulation 

-Total outside Temperature average for case study =32oc  

-Total average formineral wool insulation in Air Temperature = 28oc  

-Total average for PCM insulation in Air Temperature=26oc 

ExampleDaily : ( In Different Timing) 

1. At 13:00 pm: (The hottest hour in the day) : with outside temperature: 37.7oC 

Mineral wool indoor temperature: 32.7oC 

PCM indoor temperature:31oc 
 

2. At 8:00 am: outside temperature: 31.7oC 

Mineral wool indoor temperature: 30oC 
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PCM indoor temperature:27.2oc 
 

3. At 20:00 pm: outside temperature: 29.4oC 

Mineral wool indoor temperature: 25oC 

PCM indoor temperature: 23.3oc 
 

Conclusion:Which means In Mineral wool insulation Case >>> Air Temperature 

inside space less almost 4
o
C. In PCM insulation Case >> Air Temperature inside 

space less almost 6
o
C. 

 

 

System loads for totalcooling: 

In Figure 19 and figure20 we see the differen of the  system loudfor  total cooling 

betweent Mineral Wool&PCM 

Figure 19.Coolingload  for MineralWool 

Figure 20.Cooling load forPCM 

In table 2 & table 3 showing analysis of cooling load for Mineral Wool&PCM 

Table.2 Analysis cooling load for Mineral Wool 

Table.3 Analysis cooling load forPCM 

-

Total cooling load (kw/h) in mineral wool case = 32.42kw/h  

-Total cooling load (kw/h) in PCM case = 19.48Kw/h 

So PCM insulation Better than Mineral wool insulation in energy consumption 
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Radiant Temperature 

Mineral wool PCM

Temperature and Heat GainsDaily: 

Figure 21.Temperature and heat Gains for Mineral Woolinsulation 

Figure 22.Temperature and heat Gains for PCMinsulation 
 

In Figure 21,22 show difference in temperature system and heat Gains between 

Mineral wool &PCM 

Temperature and Heat GainsDaily: RadiantTemperature 

Figure 23 show RadiantTemperature for insulationmaterials 

 

 

 

 

 

Figure.23 Radiant temperature for insulationmaterials 
 

 
 
 
 

-Total average for mineral wool in Radiant Temperature =24.4oC 

-Total average for PCM in Radiant Temperature =22.4oC 

-Temperature difference between insulation materials = 2oC 

Temperature and Heat GainsDaily: 

Operative Temperature 

Figure.24 show Operative Temperature for insulationmaterials 
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Figure.24 Operative Temperature for insulationmaterials 

-Total average for mineral wool insulation in Radiant Temperature =24.4oC 

-Total average for PCM insulation in Radiant Temperature =22.7oC 

- Operative Temperature difference between insulationmaterials =1.7o 

Outside Temperature and Air TemperatureAnalysis: 

Figure 25.Average Temperature outside for mineral wool insulation and for PCM 

insulation in air 

temperature. 

 

 
 

 

Figure 

25.Outside and Air Temperature for insulationmaterials 

 

-Total Outside  Temperature average for case study =26.70c 

-Total average for mineral wool insulation in Air Temperature = 24.20c 

-Total average for PCM insulation in Air Temperature=22.70c 

*Means In Mineral wool insulation Case: Air Temperature inside space less 

almost2.5oC 

In PCM insulation Case: Air Temperature inside space less almost 4oC 
 

Example Monthly: 

1. On July: (The hottest month in this year) >> outside temperature: 36oC 

Average Mineral wool indoor temperature: 28oC 

Average PCM indoor temperature:25Oc 
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2. On September: Average outside temperature: 30oC 

Mineral wool indoor temperature: 26oC 

PCM indoor temperature:23oC 

3. On January: (The coldest month in this year) >> Average outsidetemperature: 15oC 

Mineral wool indoor temperature: 18oC 

PCM indoor temperature:19oC 

Conclusion: 

PCMmaterialcanbethermalinsulationmaterialinhightemperatureandaheating 

system in lowertemperature. 
 

Total cooling loaddaily: 

In figure26,27showing the different between Total cooling load daily Mineral 

Woolinsulation and PCMinsulationjnTable.4 we see the Total cooling load for 

insulationmaterials 

 
Figure 26 Total cooling loads for Mineral Woolinsulation 

 

 

 

 

 

Figure 

27. 

Total cooling load for PCMinsulation 

 

 

 
Table.4 Total cooling load for insulationmaterials 

-Average total cooling load (Kw/h) in mineral wool case = 1650 Kw/h 

-Average Total cooling load (Kw/h) in PCM case = 928Kw/h 

Conclusion: 
1.Cooling system load in PCM insulation less than Mineral woolinsulation 

2. PCM insulation Better than Mineral wool insulation in energy 

consumptionSimulation for PCM inside building 

RESULTS: 

1. After Comparison between Traditional insulation material and new 

technologymaterial Phase change material with 2 simulation programs: Design 
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Builder 3.4v,PCM express 1.0 based on location, climate data, building 

structure and used materials. The simulations prove that PCM reduce indoor 

temperature and achieve thermal comfort inside building. 
 

2. Any traditional insulation materials have a significant impact on the 

environment, human and the outer space either adversely  or does not harm 

human health or the environment, compared with new technology materials. 
 

3. PCM can integrated in construction building to double the storage of latent heat 

which make building more insulated and save energy. 
 

4. The impact of new insulation material (PCM) is better than old insulation 

material such as mineral wool. It reduces the temperature to 2-6 
o
C which 

works to provide better thermal comfort for users. 
 

5. PCM is a technology in building’s insulation increase the thermal mass of the 

building and its  resistance to heat absorbs heat during the day and keep them 

and fired at night to keep warm. 

 

6. PCM can merge with building structure materials such as brick, concrete … and 

cement blocks which make insulating material an integral part of the building 

structure. 
 

7. PCM compared with natural materials as: 8cm PCM panel can perform better 

than a 40cm masonry wall. 
 

8. New technology material (PCM) is better than traditional material (mineral 

wool) in building insulation where :  

                         - PCM is thinner and lighter than Mineral wool. 

                         - PCM Thickness = 3.7 cm of Mineral wool Thickness = 10 cm 
 

9. PCM have a latent heat which convert PCM state from solid to liquid and from 

liquid to solid.  
 

10. Air conditioning load in mineral wool insulation is more than Air conditioning 

load in PCM insulation which mean PCM reduce AC using and save energy. 
 

11. There is a difference temperatures between PCM and mineral wool Up to 3- 4 

degree Celsius. 

 
 

12. PCM reduce Carbon emissions and no bad environmental effect as mineral 

wool. 
 

13. PCM insulation materials in residential buildings reduce the use of (AC) load in 

summer. 
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