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A b s t r a c t  

The effects of global warming and climate change have become a critical 

issue in our world where the average air temperature rises to 2 ° C that leads to 

sea-level rise, seasonal disturbances storms, floods, and massive fires. [1]  

Increasing energy demand during the cooling period has become an 

essential issue in Egypt. Solutions can be applied to develop the building envelope 

for existing buildings by implementing a different technique that can enhance 

energy performance and improve indoor thermal comfort .The roof is the one of 

building envelope components which can reduce energy consumption and enhance 

indoor thermal comfort in buildings.  

The scope of this paper deals with evaluating the energy performance of 

residential buildings using different roof techniques: cool roof, green roof, isolated 

roof and integrated roof with Phase Change Materials (PCM) in Egypt that can 

lead to different solution of roof to achieve ideal energy performances .The 

assessment is carried out by using the Design Builder Software which can be able 

to calculate the monthly energy consumption. 

Keywords: Energy Efficiency–Cool roof-Green roof- Phase Change Material 

(PCM)-Roof insulation- Thermal Comfort. 

1. Introduction 

 

Globally the building sector is responsible for 40% of overall energy 

consumption [2]; while in Egypt, the building sector is responsible for 62% of the 

total electricity consumption, 26% of the total energy consumption and 70% of 

CO2 emissions [3].  

So Egypt today faces environmental and energy challenges due to the 

increase of urbanization and population that causes an increase in energy demand 

specially in residential sector due to the increase of air conditioning units; Air 
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conditioning in residential buildings in Egypt consumes about 56% of total energy 

per annum [4]  

Thus Egypt still underestimates the importance of activating building codes 

to enhance building performance. The construction developers in Egypt use the 

minimum expenses to construct a building and ignore any performance codes 

available. In return, a building consumes more energy consumption and provides 

an uncomfortable indoor thermal comfort for the occupants. [5] Therefore, any 

solutions towards improving the energy efficiency in building sector plays an 

important role in reversing the negative impact on environmental and energy 

demand. 

This paper examines the advantages of the reducing energy consumption by 

implementing different roof techniques (cool, Phase Change Material (PCM), 

isolated and green roofs) on an existing residential building in Egypt using Design 

builder Software.  

 

2. Methodology 

The research implements different roof techniques (Cool Roofs, Integrated 

Roofs with Phase Chang Material (PCM), Isolated Roofs and Green Roofs) for 

existing residential buildings (base case) to enhance the energy performance of the 

building and decrease the amount of energy needed to minimum.  

Using energy simulation program (Design Builder) to investigate the 

amount of energy saved by the retrofitting solutions for the typical residential 

buildings comparing to the current Situation to achieve the aim of the study 

presented in this research.  

 

 

Data analysis procedure: analytical procedure to evaluate the year-round benefits 
and penalties that are implementation and Analysis of the results and recomented 

the optimal alternative  

applicant different roof technique (cool, Phase Chang Material (PCM), isolated 
and green roofs)on the roof for existing residential building  

Analysis of the current situation of building envelop for existing residential 
building in Cairo according to energy consumption and comfort by simulation 

program (DesignBuilder Software)  

Figure 1Research Suggested Methodology source: the researchers   
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3. Research problem  

In Egypt the function of roofs is limited to protect the upper floors from 

rainfall in winter and sunlight all throughout the year. So it is not efficient in terms 

of building energy consumption since it has not suitable heat insulation and other 

roofs techniques .The temperature in the upper floors is higher than that in the 

lower ones, this is due to be subjected to direct sun rays all day long, especially in 

summer periods. Hence, it is necessary to improve existing roof by using different 

roof techniques (cool, Phase Chang Material (PCM), isolated and green roofs) on 

residential building.  

 

4. Building description  

The building chosen is a typical residential building in Egypt. The 

building is consisting of 4 stories with two apartments per floor the area of 

apartment is 140 m2, the total area of the building is 400 m2 and its height is 12 m 

with a flat roof. The building has one stair. the study focuses on apartment  under 

the roof. The floor plan and model for the case study as shown in figures5. 

 

   

4.1 Building Performance Simulation 

Design Builder is a whole building simulation software tool. It uses energy plus's 

open source code to simulate the indoor microclimate and energy use. The 

program enables users to model full detailed buildings. Modeling interface is user-

friendly and a descriptive content is provided to help users. Users model building 

with full description to every building system used; from schedules, construction 

materials to lighting, HVAC system and openings percentages.  

Selected floor 

Figure 5 the typical floor plan and 3d model for the selected case study 

source: the researchers 
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4.1.1 Construction Settings 

The construction materials used in this case study are conventional construction 

materials the specifications for construction materials used in the simulation are: 

 The exterior walls consist of 12 cm red brick with an interior finish of 

thermal plaster 2.5 cm. (U-value=2.19W/m2 .K)  

 Internal partitions are made of 12 cm thick red brick in addition to 4 cm 

thickness of cement plaster. (U-value= 2.4 W/m2 .K)  

 Floors are consist of 12 cm Reinforced concert   with 10 cm finishing 

thickness made of sand, mortar and ceramic tiles (U-value= 2.3W/m2 .K) 

 Roof is made from concrete of 12 cm thick .2 cm water proofing and  10 

cm sand, mortar and Mosaic tiles. Roof without insulation  (U-value= 

2.65W/m2 .K) 

4.1.2 Glazing type and lighting 

There are four glazing types usually used in Egypt stated in (EREC) as shown in 

Table 1. Windows used in simulations are made of aluminum frames  and 6 mm 

clear single glazing. The window to wall ratio (WWR) is15 %. On the other hand, 

each room has artificial lighting 2 lamps with 1200 mm. 

Table 1 the Glazing type categories commonly used in Egypt 

 

4.1.3 Activities and schedule 

Schedules are used; in conjunction with the cooling and heating set points. 

Concerning air temperature control the cooling set point temperature is 24 ºC and 

a ventilation rate is 0.5 air changes per hour. In DesignBuilder define certain 

activities for example lighting, equipment, occupancy times and HVAC operation. 

Energy consumption schedules are used for the simulations defined activity 
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Cool materials  
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High thermal 
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Radiate faster 
the absorbed 

heat  

template based on the common lifestyle for the residents of Egypt work hours and 

holidays.  Table 2 shows the occupancy rate and occupancy schedule [36]. 

 

Table 2 parameters, occupancy and window schdules. 

Parameter Description 

Occupancy rate 0.25 person/m2 

Activity factor 0.9 

Clothing value Winter Clo: 0.9 and Summer Clo: 0.5 

 

4.2 Roof technologies 

 

Cool roofs are considered  passive technique used for energy savings; they 

are used as coating or tiles for the roof of the building. This technologies are based 

on a high solar reflectance and a high thermal emissivity. [6] 

 
Figure 3 the performance of cool roof Source: https://nzeb.in/knowledge-

centre/passive-design/cool-roofs/               

Most traditional roofs reflect no more than 20 % of incoming sunlight while 

a cool roof reflects from 60% to 85% of sunlight. Cool materials are able to 

maintain a temperature differential of 6-8 C between ambient and indoor air 

temperature due to high thermal emittance and solar reflectance [7]. 

Figure 2 the thermal prosperities of cool material 

 Source: the researchers  

https://nzeb.in/knowledge-centre/passive-design/cool-roofs/
https://nzeb.in/knowledge-centre/passive-design/cool-roofs/
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Numerous studies have been carried out to evaluate the energy 

consumption and indoor thermal comfort of buildings with cool roofs. Cool roofs 

have the advantage of decreasing the cooling energy consumption during summer 

period and the disadvantage of using cool roofs is slightly increasing in heating 

energy consumption during the winter period because of solar reflectance of cool 

materials [8-12]. Different case studies have been undergone studying internal 

surface temperature, indoor air temperature, and indoor relative humidity. Every 

case study has a base case before and after application of cool materials to firmly 

point out the potentiality of a cool roof and its effect on thermal comfort [13-14]. 

 

Green roof is a passive cooling technique that reduces the received solar 

radiation from reaching inside the building. So Adding vegetation layers to any 

building is proved that it is an effective strategy with numerous benefits on energy 

saving, water management and reduce urban heat island effect. Thermal efficiency 

of the green roofs depending on the climate data and building envelop properties 

as Ascione shows in his study [15]. Many studies have been conducted over the 

past decade investigating the impact of vegetation when it applied on roofs of the 

buildings on reducing energy consumption [16-20], while other researchers have 

proved that the green roofs improve thermal comfort and mitigate the urban heat 

island measures [21-24].  

 

A phase change material (PCM) is one of the techniques that reduce 

energy demand in buildings .it can release and absorb huge amounts of energy 

through phase transitions with slight temperature changes. A lot of researches 

studied  the effect of integrated of PCM  with roof of the building on reducing 

energy consumption and improving thermal comfort [25] 

 
Figure 4 Operating Principle of BioPCM source: phasechangeenergy.com  
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The application of PCM could increase the thermal mass of the building 

thus improve indoor temperature around 4 C in summer [26]. In another study it 

found that addition of PCM layer with 0.15 cm thick to roof reduce indoor 

temperature 1.7 c in summer [27]. Numerous studies have been carried out to 

evaluate reducing the energy consumption and thermal comfort improvement in 

buildings if application PCMs on roof [28-31]. 

 

According to many researches, the thermal insulation of building envelope is one 

of the most important strategies for reducing heat loss, energy consumption and 

improving the indoor thermal comfort [32-33]. It is the cheapest passive strategy 

in hot climates [35].  

 

This study focused on evaluating the energy performance of residential buildings 

when existing flat roofs are integrated with different roof techniques. The 

following describes the selected roof solutions: 

 

Table3 Describes roof layer properties for the simulation 

Base case  cool roof GR Green roof Isolated roof  PCM roof 

U-value= 

2.65W/m2 .K)  

solar reflectance 

0.8  thermal 

emittance 0.9. 

Specific Heat in 

(J/kg-K) =1700  

 

 

Thermal 

Conductivity=0.

3 

Specific Heat in 

(J/kg-K) =1000  

Height of plants 

in (m) =0.3  

Emissivity=0.9  

Thermal 

Conductivity   =

030.0 

U-value =0.23  

Thermal 

Conductivity   =

 0.20 

Latent heat 

(kJ/kg) =219 

Specific heat 

(J/kg k)= 1970 

Melting point 

(◦C) =29 

 

 

 
 

 

 

 

Can replace 

existing floor 

finish because 

it is found in 

the form of 

tiles with final 

finishing 

 

 

the green area 

correspond to 
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80% of the total 

roof surface, 

5 Results and Discussion 

5.1 Building energy comparison for the different roofing techniques 

In order to validate the simulation results, a comparison between actual 

monthly electricity consumption for the selected apartment (140 m2  on the 

third floor of a residential building located in Cairo  6
th

  October city, and its 

duplicate simulated with DesignBuilder. Electricity utility bills for the whole 

year 2018 have been collected. Results of the comparison shown in Figure (6) 

there is very close consumption rates for Electricity between the actual 

building and one simulated in the software. Differences around 11% are 

acceptable. These differences are due to the dynamics of the human factor. 

 

Figure6 monthly l electricity consumption for actual apartment compared with 

simulated 

It is observed in Figure (7) that cooling energy consumption increases in May, 

June, July, and August due to the increased solar radiation in these months. The 

results of this study indicate that incorporating a PCM with an appropriate melting 

temperature into roof is the most effective technique; it has more cooling energy 

saving per annum than the rest of the roof With Insulation, green Roof and cool 

roof during the cooling periods. 

In general cooling accounts 40% of annual electricity usage. The total yearly 

cooling energy consumed by the base case model around 25048.3 kWh per annum, 

while roofs with insulation, Green Roof, cool roof and Roof with phase change 
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material  have reduced the total annual energy consumption of 21168.67 kWh, 

19733.28 kWh, 20003 kWh and 17176  kWh. thus,  reduction of 15.4%, 21.21% , 

20.14% and 31.4%  of the total annual cooling energy consumption are provided 

respectively comparing with base case . Table (4)summarizes the results of the 

simulated cooling energy consumption for the Base case , roof with insulation, 

Green roof, cool roof, and roof with phase change material. 

Table 4 the results of the simulated cooling energy performance for different roof 

technique and base case 

Roof type Annual cooling 

consumption 

Saving% 

Conventional roof (Base case) 25048.3 Base case 

Roof With Insulation 21168.67 15.4% 

Green Roof 19733.28 21.21% 

cool roof 20003 20.14% 

Roof with phase change material  17176 31.4% 

 

 

Figure 7 monthly cooling energy consumption Source: the researchers  

Unlike cooling, energy consumption integrated roof with the phase change 

material is less effective in heating energy consumption when it is compared to 

other roof techniques (Roof with Insulation, Green Roof, and cool roof) in heating 

season. The heating energy saving when integrated roof with the phase change 

material is 6.4% compared with the base case, while 58.4%, 41.6% and 13.58% 

when adding insulation material, vegetation layer and cool material of total 

heating energy consumption per year respectively as shown in figure 8. 
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Figure 8 Heating energy consumption for different roof technique in winter period 

 source : the researchers 

The simulation shows that the total energy consumption per apartment (base case) 

is 25958 kwh and maximum energy savings of about 30% when integrating PCM 

material with roof, while 24%,22% and 17%  by using cool material, vegetation 

layer and insulation material  respectively compared with base case. The 

simulation shows also the potential savings are greater in the cooling season as 

shown in figure (9) 

 

 

Figure 10 presents the results of using cool, PCM, isolated and green roofs in 

Cairo for whole building. The most efficient solution for the base case 
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configuration is the roof with phase change material the total energy saving is 

around 12 %,slightly lower savings (10 %) are simulated for cool roof, while (9%) 

saving energy when using green roof and (7%) for roof with high effect thermal 

insulation, This saving for whole building but the results are maximized for the 

last floor which below the roof as shown in figure (10) 

 

 

Figure 10 the impact of different roof technique on cooling and heating for building  

source : the researchers 

 

5.2 Thermal comfort  

The simulation shows that applying different roofs technique cool, PCM, isolated 

and green roofs achieve a big change in operative temperature that achieves better 

thermal comfort specially in summer periods as the temperature decreases around 

6*C in summer season and slightly increases in winter season in operative 

temperature as shown in figure(11). 
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Figure11 the impact of different roof technique on Operative temprature source : 

the researchers 

The discomfort  hours are reduced to 14% respect to  conventional roof when 

applying Green roof, Reductions around 10% and 12.5% are calculated for 

respectively Cool roof and roof with insulation material but when applying PCM 

on roof the discomfort hour reduction is around 5.5%  

 

Figure 12 the impact of different roof technique on the discomfort hours  

source : the researchers 

Relative humidity is associated with an inverse relationship with temperature. The 

higher relative humidity means lower the temperature. The Figure 13 shows that 

the relative humidity for the base case is higher than other roof solutions in the 
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heating seasons and lower than other roof solutions in the cooling seasons. 

Accordingly, this technique has a good effect on thermal comfort.  

 

Figure 13 the impact of different roof technique onrelative humidity 

 source : the researchers 

6. Conclusions 

 

This study has presented a comparison among different roofing techniques 

that are able to reduce the cooling demand of residential buildings in Egypt.  

Roof with phase change material is the best solution for building envelop it is very 

effective for the cooling and energy savings when it is applied on the roof in 

residential buildings in Egypt, it can reduce electricity and enhance indoor 

comfort. as well when compared with the conventional roofs. 

The case study showed that total yearly cooling energy consumed by the 

base case model around 25048.3 kWh per annum, while roofs with insulation 

Roof, Green Roof, cool roof and Roof with phase change material have reduced 

the annual cooling energy consumption to 21168.67 kWh, 19733.28 kWh, 20003 

kWh and 17176 kWh, which mean the reduction around 15.4%, 21.21%, 20.14% 

and 31.4% respectively. 

Indoor comfort simulation in this research founded that a building (base 

case) is very poor envelop that causes more energy consumption due to using 

more energy by air-conditioner. The Results also showed that the building with 

cool, PCM, isolated and green roofs reduced operative temperature around 5c, 5c, 
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5.5c, 5.6c in summer period respectively. Future researches could further focus on 

economic trade-offs when installing cool, PCM, isolated and green roofs in 

residential building in Egypt. 
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