
639 

 

 

 

        

      Journal of Al-Azhar University Engineering Sector 

 

              Vol. 17, No. 63, April 2022, 639 - 652 
 

 

 

 
USE OF VERTICAL GREENERY SYSTEMS TO CONSERVE ENERGY IN 

ADMINISTRATIVE BUILDINGS IN EGYPT 

Mahmoud Ibrahim1*, Ahmed Atef2, Ashraf Nessim2 

1Master student, Department of Architecture, Faculty of Engineering, Ain Shams University, Cairo, Egypt. 

2 Department of Architecture, Faculty of Engineering, Al-Azhar University, Cairo, Egypt. 

*Corresponding Author E-mail: Mahmoudbeder20@gmail.com 

Received: 17 Nov. 2021    Accepted: 30 Dec. 2021 

 

ABSTRACT  

Urban development in Egypt has led to increased energy consumption. At the same time, development 

sometimes comes at the expense of green spaces, and this is another problem. Many of the green spaces 

and large trees that had already existed over the years were removed, whether to develop a road network 

or other encroachments on green areas. 

Administrative buildings have a large share of energy consumption in Egypt, so the aim of this study is 

to rationalize energy consumption in administrative buildings, as well as increase green spaces in Egypt. 

Therefore, the research studies in detail the types of vertical green systems, their use, their  structural 

and technological systems. The study aims to prove the effectiveness of vertical greenery systems in 

Egypt by simulating a three-story administrative building. The vertical greening system is applied to the 

southern facade using the Design Builder program. 
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 الملخص

ع عل  حسرال المسراحا    الخضررا  وهه  أدى التطور العمراني في مصرر لل  ييادة اسرته ا الطاقةف في ن س الوقي يي ي التطوير أحيانا

مشركلة أررىف  مي ليالة العديد من المسراحا  الخضررا  وااشراار الكبيرة التي كاني موجودة بال عى عل  مر السرنين ، سروا  لتطوير  

 شبكة طرق أو التعديا  ااررى عل  المساحا  الخضرا ف
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الدراسررة هو  رشرريد اسررته ا الطاقة في المباني للمباني الإدارية نصرريب كبير من اسررته ا الطاقة في مصررر ، لها فدف الهدف من هه  

 الإدارية ، وكهلك ييادة المساحا  الخضرا  في مصرف

 لهلك ، يدرس البحث بالت صيى أنواع أنظمه التخضير الرأسي ، واستخدامها ، وأنظمتها الهيكلية والتكنولوجيةف

ل محاكاة مبن  لداري من ا اة طوابقف يتم  طبيق نظام  هدف الدراسررة لل  لابا  فعالية أنظمه التخضررير الرأسرري في مصررر من ر  

 فDesign Builderالتخضير الرأسي عل  الواجهة الانوبية للمبني باستخدام برنامج 

 الكلمات المفتاحية : أنظمه التخضير الرأسي , المباني الاداريه , الحوائط الخضراء , استهلاك الطاقه. 

 

1. INTRODUCTION 

1.1 General background 

Undoubtedly, energy conservation has become an important topic all over the world due to the 

increasing in population density and urban expansion and consequently energy consumption has become 

more. Countries began to find various and varied solutions in order to balance civilization progress and 

large energy consumption.  

Egypt is one of the most energy consuming countries in its region, and the country is facing a rapidly 

growing demand for energy due to population growth and economic expansion. (1) According to the 

reports of the New Urban Communities Authority, there is a creation of new cities that contain different 

types of buildings (residential, administrative and commercial), the area of the new urban cities is about 

1.28 million acres. 

 

 

Figure 1.: Map of Egypt in 1990 and 2019 showing the expansion of urbanization  
Source: Google Earth 

The previous figure shows a difference of about 29 years, which is the map of Egypt in 1990 and 2019, 

and confirms that the development in urbanization comes at the expense of green spaces. In 2019, the 

urban expansion appears noticeably, but there is also a lack of green spaces compared to the map of 

Egypt in 1990. One of the reasons for the difference between the two maps (1990-2019) is the lack of 

awareness of the development of green spaces, instead. From encroaching on agricultural land and 

increasing residential and commercial buildings and roads at the expense of only green spaces, 

awareness of the importance of green spaces had to be raised. 

1990 
2019 
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1.2 Problem Statement 

There is no doubt that Egypt suffers from a large consumption of energy in various fields, and this is on 

the rise. Therefore, some solutions turned to renewable energy, how to develop it to accommodate 

current energy consumption. (2) 

The problem of research is the continuous growth and increase of energy consumption, especially from 

administrative buildings and the expansion in urbanism, making energy consumption increase more and 

more. According to the statistics of the International Energy Agency, Egypt is the largest consumer of 

oil and natural gas in Africa. And also, Total electricity consumption increased from about 126934 

MKwh in 2010 to 151908 MKwh in 2019, which is a rapid and rising annual growth rate About 20% 

increase in electricity consumption. (3) 

  

2. RESEARCH OBJECTIVE 

The main objective of the research is to reduce energy consumption within administrative buildings and 

improve thermal performance through a single technology of vertical greening systems. And analyze 

the effect of the green wall on the annual energy consumption rate of the administrative building. 

The secondary objectives which achieve the main objective are: 

• Identifying the energy consumption problems of administrative buildings in Egypt. 

• Identification of the different types of vertical green system 

• Increasing green areas inside Egypt. 

• Recognize the importance of the vertical vegetation system. 

• Evaluation of the effect of the green wall on the thermal performance of administrative 

buildings. 

 

3. RESEARCH METHODOLOGY 

In order to achieve the aim of research by following these criteria 

• Review the different systems for vertical greenery systems. 

• Analyze energy consumption in administrative buildings. 

• Apply VGS on administrative building façade with different percentage and see to what extent 

the energy is conserved. 

• Use simulation program to see how energy is saved. 

• Comparing the energy consumption of the administrative building through simulation results 

after using vertical greening system. 
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4.  REVIEW OF VERTICAL GREENERY SYSTEMS 

In order to achieve the goal of the research, it is necessary to define and describe the types of 
vertical green systems, which is divided into living walls and green walls. (4) Each type has 
some branches, as shown in fig2.   

 

 

 

 

 

 

 

 

Figure 2: Classification of Vertical green systems according to their construction characteristics 

 

In general, the difference between green walls and live walls is that the first depends on climbing plants, 

while the live walls are more technological and more advanced and allow greening of high heights of 

buildings, and also their aesthetic form is better because they allow the use of different types of plants. 

(4) 

Vertical green system in general has many benefits, although it is applied to a specific building, but their 

benefits are general to everyone because they give an aesthetic view to the onlookers. Also, the use of 

vertical green systems works as a cover for the building to protect it from the sun's heat. It also works 

on the occurrence of natural cooling processes. Furthermore, to slow and cool the air, vertical green 

systems have the ability to create enough turbulence to break the vertical airflow. (5) 

 

The research aims to take the advantage of vertical green systems to rationalize energy consumption in 

administrative buildings by making a simulation model for an administrative building and applying a 

living wall to it in different percentage. And monitoring energy consumption in the administrative 

building and analyzing the results. 

5.   SIMULATION PRCOESS        

It was necessary to define the simulation software that will be used in analyzing the administrative 

building data and presenting the results in a clear and easy way, which is the Design Builder program. 

Also, a model of an office building must be created to make a simulation using the Design Build 

program. The three-story building was chosen as proposed by ASHRAE (American Society of Heating, 

Refrigerating, and Air Conditioning Engineers). (6) 

 

The simulation process will be done on the building three times.  

• Base scenario, the southern facade of the building will be covered with 0 greening,  
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• First scenario, the southern facade of the building will be covered by 100% greening except for 

the windows.  

• Second scenario: The southern facade of the building will be covered by 60-70% greening 

except for the windows. 

Finally, the comparison between the three scenarios will determine the effectiveness of vertical greenery 

system and their role in reducing energy consumption in administrative buildings. 

The simulation stages start during this program by entering the complete data in terms of the office 

building’s location and it was imposed in Cairo, Egypt and the climatic data for the area which is 

provided by the program and also the orientation of the office building, which was assumed to be that 

the green wall is facing the south direction.      

The main information of the administrative building is shown in table 1 which is the ratio of windows 

to walls 33%, the number of floors of the building and others. 

Table 1: Description of office building prototype (6) 

Item Description 

Building Prototype Medium Office 

Building shape 

 

 

Total Floor Area 

(sq. feet) 

 

4970 

(49.9 m x 33.2 m) 

Aspect Ratio 1.5 

Number of Floors 3 

Window Fraction 

(Window-to-Wall Ratio) 

 

33% 

(Window Dimensions:  

49.9 m x 1.30 m on the long side of facade   

33.2 m x 1.30 m on the short side of the façade) 

Floor to floor height (feet) 13 

Glazing sill height (feet) 

 

1 m  
(top of the window is 2.3 m high with 1.3 m high glass) 

Shading Geometry None 



USE OF VERTICAL GREENERY SYSTEMS TO CONSERVE ENERGY IN ADMINISTRATIVE BUILDINGS IN EGYPT 

 

644                                                               JAUES, 17, 63, 2022 

 

 

One of the important characteristics of the building is the external walls, 
which were assumed to consist of three layers, as shown in Fig 3. The 
two outer layers consist of a mortar with a thickness of 2 cm. The second 
layer of red brick is about 25 cm thick 

 

Figure 3: Wall section of administrative building model for all scenarios 

Since the building has three floors, the occupied floor area is about 4907 square meters and to determine 

the occupancy rate of the designer's builder, the ratio is already variable. 

 But the individual ratio inside the administrative building does not exceed 23 square meters if the 

occupancy density in the building is low, and the individual ratio is not less than 9 square meters if the 

occupancy density is high. (West, 2001). 

Therefore, the occupancy density (people/m2) for the research scenarios is 0.07. 

The office building is assumed to operate from 8 a.m. to 6 p.m. 6 days a week and Fridays off as shown 

in table 2. 

Table 2:  Administrative building operating schedule throughout the week for all scenarios. 

 

 

 

 

 

 

 

Regarding the environmental control of the office building, it was assumed that the set temperature was 

24 °C and the cooling setbacks were 30 °C as shown in fig 4. 

 

 

 

 

 

Figure 4: The environmental control of the administrative building for all scenarios 
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The previous figure shows that in the case of the absence of users of the building if the temperature 

reached 30 ° C, the air-conditioners will be made and the place will be cooled. Also, if the temperature 

reaches 5° C inside the building, heating will be done automatically. 

The following table shows the properties of glass, its size, and the properties of the walls used in the 

building. 

Table 3: properties of administrative building construction for all scenarios 

Glass Wall 

Window to wall ratio 33% 

Window Height: 1 m 

Sill Height: 1.31 m 

U value: 2.3   w/m2-k U value: 1.85    w/m2-k 

 

Table 4: administrative Building model characteristics for all scenarios. 

Item Description  

HVAC System: Spilt  

Operation schedule: 6 days a week, from 8:00 to 18:00 

Nature Ventilation:                                    

 

 

Figure 5: Natural ventilation properties for all scenarios 
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Lighting 

System: Led with Linear control 

Operation schedule: 6 days a week, from 8:00 to 18:00 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Lighting template properties 

Infiltration Constant rate: 0.2 

 

 

 

 

 

 

 

Figure 7: Airtightness properties 

 

 

 

The previous table shows some other information entered into the Design Builder program such as 

HVAC system, system of lighting and constant rate of infiltration. 

After entering all the previous information for the Design Builder program, a simulation of the building 

will be done three times. Fig8,9,10 shows the three scenarios of the simulation. 
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Figure 8: Base scenario           Figure 9: First scenario                  Figure 10: Second scenario 

 

Table 5: Green wall properties of building scenarios 

Green wall   

Height of plant (m)  0.15 

Leaf area index 5 

Leaf reflectivity 0.220 

Leaf emissivity 0.950 

Minimum stomatal resistance (s/m) 180 

Max volumetric moisture content at saturation 0.5 

Min residual volumetric moisture content 0.01 

Initial volumetric moisture content 0.15 

 

As shown in previous figures, base scenario has no greenery, first scenario has 100 % greenery on 

southern façade and the second scenario has 67% greenery on southern façade.  

Table 5 shows the characteristics of the plants attached as they are in the Design Builder program. 

Therefore, the green layer was added to the existing primary wall in both first and second scenario. 
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6.  RESULTS AND CONCLUSION 

As for the base scenario, according to fig11, table 6 shows that consumption of electricity for cooling 

is at a minimal rate in the first months of the year (January, February, March and April) and also the 

last months of the year (November and December). The rate of electricity consumption increases in 

the middle months of the year. 

Also based on the monthly electricity consumption’s table, The maximum electricity consumption 

throughout the year in two months (July and August) with a value of 22859.47 KWH and 23537.71 

KWH 

 

 

 

 

 

                        Figure 11 : Results of Monthly Electricity consumption of Base scenario . 

                      Table 6: Monthly Electricity consumption values of Base scenario  

Month Electricity consumption KWh 

 

January 24.80 

February 508.67 

March 2414.96 

April 6135.75 

May 11003.84 

June 17186.82 

July  22859.47 

August 23537.71 

September  17837.14 

October 13749.76 

November 5268.15 

December 868.86 

 

As for the first scenario, according to fig12, table 7 shows the rate of electricity consumption increases 

during the mid-year months, but consumption is less than the first scenario, that is before the use of 

green walls. 
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Also based on the monthly electricity consumption’s table, The maximum electricity consumption 

throughout the year in two months (July and August) with a value of 21537.56 KWH and 22053.7 KWH. 

 

 

 

 

 

 

                                   Figure 12: Results of Monthly Electricity consumption of first scenario. 

 

                       Table 7: Monthly Electricity consumption values of first scenario. 

 

Month Electricity consumption KWh 

January 0.78 

February 48.90 

March 1336.5 

April 5320.65 

May 9700.90 

June 15955.72 

July  21537.56 

August 22053.7 

September  16623.24 

October 12500.6 

November 4742.50 

December 454.05 

 

As for the second scenario, according to fig13, table8, it shows also, as is the case in simulations that 

took place in the base scenario and the first scenario, the rate of electricity consumption increases during 

the mid-year months. The maximum electricity consumption throughout the year in two months (July 

and August) with a value of 21824.2 KWH and 22541.88 KWH. And the lowest rate of electricity 

consumption throughout the year in January, February and December with a value of 4.20 KWH, 85.98 

KWH and 558.64 KWH.  
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                            Figure 13: Results of Monthly Electricity consumption of second scenario. 

 

Table 8: Monthly Electricity consumption values of second scenario 

 

Month Electricity consumption KWh 

 

January 4.20 

February 85.98 

March 1458.41 

April 5520.487 

May 9933.22 

June 16302 

July  21824.2 

August 22541.88 

September  17125.32 

October 12991.08 

November 4939.99 

December 558.64 

 

Finally, the three scenarios were similar in the shape of the building, its orientation, the number of floors, 

as well as the proportions of windows and walls, and the only difference was in the percentage of 

greening of the southern facade of the building, and the simulation was conducted on the same dates as 

the building’s schedule, 

The difference between the three scenarios is based on electricity consumption, the first scenario was 

better in saving energy, the second scenario comes after it, then the base scenario. 
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According to fig14, it shows the difference between electrical energy consumption between the three 

scenarios and shows how greening the southern wall has a significant impact on reducing energy 

consumption. The first scenario was greening the entire surface of the southern wall and the annual 

energy consumption equal to 110,275.1 KWH, so the first scenario works to reduce energy by almost 

9% annually. 

The second scenario was greening the southern façade by 67%, and based on the simulation results, the 

annual consumption of electric energy was 113255.4 KWH so the second scenario works to reduce 

energy by 7 % annually. 
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Figure 14: Comparison between annual electricity consumption of three scenario  

The research proved that vertical green systems have a major role in rationalizing energy consumption 

in administrative buildings  in Egypt. The application of vertical greening systems can be greater than 

the three scenarios, and the result will become a greater rationalization of energy consumption, but we 

must take into account the higher the rate of greening, the greater the periodic maintenance, irrigation, 

etc. 
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