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Abstract 

In this study, it is aimed to determine the results of the usage of vertical green façade and green roof systems which are 

increasing in use today, in four different climatic zones of our country, considering the annual heating, cooling and total 

energy consumption. Based on a building model in the study, the effect of the green facade and green roof applications 

on the buildings' annual heating and cooling loads was tried to be determined for four cities of our country with four 

different climatic characteristics. In selected cities in these climate regions, a traditional building and buildings with 

vertical green facades and green roof applications were compared. Situated in Turkey's four different climatic zones with 

the results achieved in this study was found to be differences in four different city's annual energy consumption. In the 

annual total energy consumption; Antalya city with 2.68% as a result of application of only planted roof systems, Konya 

city with 11.64% as the result of application of only vertical green façade systems, and highest benefit rates in Erzurum 

city with application of both systems and 14.38% at the end. As a result of this, considering the annual total energy 

consumption, green facades and green roof applications in buildings are found to have a positive effect on the energy 

performance of the building, even though it does not vary from region to region. 
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Öz 

Bu çalışmada, günümüzde kullanımı artan düşey yeşil cephe ve yeşil çatı sistemlerinin ülkemiz sınırlarında dört farklı 

iklim bölgesindeki kullanımının yıllık ısıtma, soğutma ve toplam enerji tüketimleri dikkate alındığında ne gibi sonuçlar 

vereceğinin tespit edilmesi amaçlanmıştır. Çalışmada, bir bina modeli esas alınarak düşey yeşil cephe ve yeşil çatı 

uygulamalarının, binaların yıllık ısıtma ve soğutma yüklerine etkisi, ülkemizin dört farklı iklim özelliğine sahip dört kenti 

için belirlenmeye çalışılmıştır. Bu iklim bölgelerinde seçilen kentlerde, geleneksel bir bina ile düşey yeşil cephe ve yeşil 

çatı uygulamalarının kullanıldığı binalar karşılaştırılmıştır. Ulaşılan sonuçlar ile Türkiye’nin dört farklı iklim bölgesinde 

yer alan dört farklı kentin yıllık tüketim enerjilerinde farklılıklar olduğu saptanmıştır. Yıllık toplam enerji tüketiminde; 

sadece bitkilendirilmiş çatı sistemlerinin uygulanması sonucunda %2.68 ile Antalya kenti, sadece düşey yeşil cephe 

sistemlerinin uygulanması sonucunda %11.64 ile Konya kenti, her iki sistemin uygulanması soncunda ise %14.38 ile 

Erzurum kentinde en yüksek fayda oranları sağlanmıştır. Bunun sonucunda, yıllık toplam enerji tüketimleri dikkate 

alındığında, binalarda yeşil cephe ve yeşil çatı uygulamalarının, bölgeden bölgeye farklılık göstermesine rağmen binanın 

enerji performansını olumlu yönde etkilediği saptanmıştır. 
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1. Introduction 

 

Nowadays, urbanization causes many social, 

economic and environmental negativities. In the 

man-made urban environment, the existing 

ecosystem, climate and urban atmosphere are 

changing. Unfortunately, the effects of this 

situation on human life are negative. Air pollution 

and urban heat island effect are the most important 

of these and adversely affect the health and life of 

the person in general. Reducing green vegetation, 

increasing concrete surfaces and intensive 

consumption of fossilized energy resources are the 

main human actions of the aforementioned adverse 

effects.  

 

In the process from the 1970s to the present in the 

world and in our country, in the environment-

themed conferences organized by the United 

Nations and in studies conducted in non-

governmental organizations, solutions were tried to 

be found to overcome negative environmental 

developments. In discussions about creating 

solutions, strategies to reduce negative 

environmental impacts are encountered in planning 

and design scales (urban planning, building design) 

that affect the formation of the built environment. 

Reducing fossil-based energy consumption in 

buildings and increasing urban green areas are 

some of them. In order to achieve this goal, vertical 

green facades and green roofs are offered in 

solution suggestions. In current architectural 

applications, sustainable structures such as 

vegetation used on the facade and roof, 

environmentally friendly building materials and 

environmentally adaptable building elements have 

started to be produced. Vertical green facade and 

green roof systems are frequently preferred in 

today's architectural applications due to the 

improvement of the energy performance of 

buildings and the benefits they bring to the city 

atmosphere and the city's ecosystem. 

 

It has been proven by various studies that green 

roofs and vertical green facades provide many 

positive effects for the building and the 

environment in which they are used (Besir and 

Cuce, 2018; Saadatin et al., 2013; Manso et al., 

2021; Andric et al., 2020). These are contributing 

to the biodiversity in the region where it is located 

(Jusselme, 2019), regulating the air quality by 

reducing the CO2 level and increasing the O2 level 

(Liu, et al., 2021; Baik et al., 2012), helping to 

reduce the urban heat island effect (Sanhez and 

Reames, 2019; Herath et al., 2018; Asadi, 2020), 

contributing to rainwater management (Scholz-

Barth, 2001; Xu et al., 2020; Mentens et al., 2006), 

reducing the temperature (Andric et al., 2020; 

Coma et al., 2017; Mazzali et al., 2012), providing 

thermal insulation (Dede et al., 2020), preventing 

the wind, providing sound insulation (Azkorra et 

al., 2015; Galbrun and Scerri, 2017; Wong et al., 

2010), shading (Vox et al., 2018; Perez Luque et 

al., 2017), reducing energy consumption, 

increasing visual value (Sutton, 2014; Jungels et 

al., 2013), providing recreation area (Peck, 1999), 

effect on fire safety (Susurova, 2015), protection 

against UV rays and its effect on human health 

(Dadvand and Nieuwenhuijsen, 2019). 

 

Vertical green facade and green roof applications 

enable the emergence of new plant communities 

thanks to the plant layer they contain and create a 

food source for insects, birds and invertebrates. In 

fact, it has been proven by many studies that these 

practices cause the formation of various animal 

species in some regions (Jones, 2002). The plant 

layer also helps to clean the air by providing 

photosynthesis, the balance of CO2 and O2 in the 

air, the removal of dirty gases, and the removal of 

particles and dusts (MacDonagh, 2005). 

Temperature increase can be prevented by the 

plants shading, evaporation through 

evapotranspiration and storage properties, and the 

condition of cities being warmer compared to rural 

areas, which is called urban heat island, can be 

reduced (Luckett, 2009). 

 

While vertical green facades and green roofs 

reduce the temperature in the summer months, they 

also adjust the heat level of the spaces by providing 

thermal insulation in the winter months. Thus, 

these systems provide energy savings by 

minimizing energy consumption in the places 

where they are used (Alexandri and Jones, 2008). 

Apart from this, vertical green facades are used on 

the facades of the buildings to provide shade in the 

space and contribute to the cooling of the space. It 

can reduce the wall surface temperature up to 14°C 

compared to wall surfaces exposed to the sun 

(Tilley et al., 2012). Therefore, the energy used for 

air conditioning of the buildings is saved, the 

thermal performance of the buildings is increased 

and energy consumption is reduced (Loh, 2008; 

Papadakis et al., 2001). Energy savings can also be 

achieved by preventing wind. The wind causes the 

air temperature inside the space to drop 

significantly during the winter months (Perez et al., 

2011). Thanks to plants, wind insulation is 

provided, preventing the internal temperature of 

the building from falling and contributing to energy 

efficiency. Plants also protect the insulation layer 

by reducing the bad effects of UV rays. Thus, it 
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makes the building more durable (Hasan et al., 

2012). 

 

The potential of green roofs in providing recreation 

areas is quite high. Especially intensive roofs can 

create a socialization space for the urban dweller. 

Apart from recreational use, agriculture can also be 

done on the roof, especially with soil thickness up 

to 30 cm (Francis et al., 2014). This soil layer and 

plant materials also have sound absorption 

properties (Aksoy and İçmek, 2010). It has a very 

good sound insulation especially in low frequency 

sounds. A sparsely vegetated green roof can reduce 

the sound by around 40 decibels, while a densely 

planted roof can reduce the sound by around 46-50 

decibels (Peck et al., 1999). 

 

It has been proven by many studies that the 

accessibility of the open space and natural 

environment views have a positive effect on human 

health. Studies have proven that even visual access 

to a natural environment can reduce stress and 

ailments and improve overall health, job 

satisfaction and productivity (Ulrich, 1984; 

Dadvand and Nieuwenhuijsen, 2019). At the same 

time, thanks to the plants, negative perceptions in a 

space improve and the general profile of the space 

becomes stronger. These practices are the cheapest 

and fastest way to significantly improve the main 

visual, economic and social conditions of the city 

(Mir, 2011). 

 

In the study, the benefits of vertical green facade 

and green roof systems, which are increasingly 

used, to the ecosystem are stated and it is aimed to 

determine in which climatic region and under 

which conditions a traditional residential building 

and a residential building with vertical green 

façade and green roof systems will give better 

results. A comparison of annual heating and 

cooling loads achieved by using vertical green 

facade and green roof applications was made for 

Antalya, Samsun, Konya and Erzurum selected 

from four different climatic regions of Turkey. 

 

2. Materials and methods 

 

In the study, in order to evaluate the energy 

efficiency of vertical green facades and green 

roofs, Antalya (1. climate region), Samsun (2. 

climate region), Konya (3. climate region) and 

Erzurum (4. climate region) were selected from 

Turkey. The purpose of selecting these cities is to 

determine and compare the annual energy 

performances of vertical green façade and green 

roof systems in different climatic zones. At the 

same time, the energy performances of a 

traditionally constructed residential building and a 

residential building with vertical green façade and 

green roof systems were compared (Kobya, 2017). 

 

The simulation program used in the study, Design 

Builder (DesignBuilder, 2017), is an EnergyPlus-

based software tool developed to measure and 

control the performance of building designs in 

terms of energy, carbon, lighting and comfort 

(Altensis, 2015). Design Builder; is a visual 

simulation program developed for the energy, 

carbon emission, lighting and comfort control of 

the building. Using the Design Builder, the IDF 

files required for EnergyPlus are created, the 

building model can be prepared and the necessary 

corrections can be made on the model for energy 

analysis (Aktacir et al., 2011). 

 

The simulation process consists of 5 different 

stages. These are listed as follows: 

 

• Determining the building model to be 

simulated 

• Transferring the building model to the 

Design Builder program 

• Identifying common and different options 

for the transferred building model 

• Calculation of the annual total energy 

loads in all four cities for the created 

options 

• Evaluation of the calculated values for 

each four cities and different options 

 

The cities of Antalya, Samsun, Konya and 

Erzurum, which are located in the 1,2,3 and 4th 

climatic zones according to TS 825 standards, are 

respectively in the Csa, Cfb, BSk and Dfb class 

according to the Köppen climate classification 

(Köppen, t.y.). It is aimed to compare the annual 

heating, cooling and total energy consumption in 

these cities. For this, a residential building model 

was designed and calculations were made. The 

building model created is considered as a three-

storey residential building with a total of 280 m² 

consisting of two flats (Figure 1). 
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Figure 1. Floor plans of the model 

 

Based on the selected building model, firstly, 

common features for all parameters are 

determined. Features such as the size of the 

selected building, the usage function, the number 

of users, the ratio of windows and doors, its form, 

and its orientation have been shared in all 

parameters. The exterior material used and the 

material layers used on the flat roof are considered 

as variable properties. Interior divider walls, doors 

and windows are also taken into account in the 

created model. The floor height has been calculated 

as 300 cm including the floor layer. XPS (Extruded 

polystyrene foam) has been preferred as the 

thermal insulation material. While determining the 

thermal insulation layer for four different cities, the 

U values given in the "TS 825 Thermal Insulation 

Rules in Buildings" standards were taken into 

account. Thermal insulation thicknesses were 

calculated accordingly. Then, the building model 

was transferred to the Design Builder program and 

common and different layers were created for all 

parameters. First, the residental building was 

modeled, including interior wall partitions and 

window-door openings (Figure 2). 

 

 
Figure 2. Calculated thermal insulation thicknesses and the model created in the Design Builder program 

 

In the model, the weather data of the Meteonorm 

program were used for the climate data of Antalya, 

Samsun, Erzurum and Konya cities (Figure 3). 

Totally, 16 different options are created in line with 

the default parameters. These options are listed and 

coded as shown in the table below to avoid 

confusion (Table 1). 

 

 
 

Figure 3. Meteonorm temperature and humidity values 
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Table 1. 16 different options and coding based on default parameters 

 
 Wall Roof 

1 Traditional wall Traditional roof 

2 Traditional wall Green roof 

3 Green wall Traditional roof 

4 Green wall Green roof 

A: Antalya                               S: Samsun 

K: Konya                                 E: Erzurum 

A1: Housing built with traditional wall and traditional roof in Antalya 

S3: Housing built with a green wall and a green roof in Samsun 

 

3. Results 

 

The results achieved by different cities are as 

follows: 

 

Antalya: Data 1 which traditional roof and 

traditional wall are the highest annual heating load 

values for Antalya. This is followed by data 2, 3 

and 4, respectively. For the annual cooling loads, 

the cooling load of data 1 using traditional roof and 

traditional wall is the most. This value is followed 

by traditional wall and green roof option, which is 

the data 2. The lowest value is green wall and green 

roof option. The annual total energy consumption 

for Antalya, decreases from data 1 to data 4. These 

results show that the use of green wall and green 

roof benefit the total energy consumption in 

Antalya province (Figure 4). 

 

 
Figure 4. Annual heating, cooling and total energy consumption values of Antalya city (kWh) 

 

Samsun: Data 1 which the traditional roof and 

traditional wall options is the highest among the 

annual heating load values for the city of Samsun. 

This is followed by data 2, 3 and 4, respectively.  

For the annual cooling load, it is the data 1 using 

traditional roof and traditional wall most. This is 

followed by data 3 and then data 2. The lowest 

value is the data 4 using green wall and green roof 

options. The annual total energy consumption for 

Samsun decreases from data 1 to data 4 (Figure 5). 
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Figure 5. Annual heating, cooling and total energy consumption values of Samsun city (kWh) 

 

Konya: The highest annual heating value for 

Konya city is the data 1 using traditional roof and 

traditional wall.  This is followed by data 2, 3 and 

4. Among the annual cooling load values for Konya 

city, data 2 using traditional roof and green wall is 

the highest value. This is followed by data 3 and 

then data 1. The lowest value is data 4 using green 

wall and green roof options. The annual total 

energy consumption for Konya is the highest in 

data 1, followed by data 2, 3 and 4, respectively. 

These results show that option 4, which combines 

the use of green wall and green roof, works best 

(Figure 6). 

 

 
 

Figure 6. Annual heating, cooling and total energy consumption values of Konya city (kWh) 
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Erzurum: The highest annual heating value for 

Erzurum city is the data 1 using traditional roof and 

traditional wall. This is followed by data 2, 3 and 

4. respectively. The highest annual cooling value is 

the data 3. This is followed by data 4 and then data 

1. The lowest value is data 2, using traditional wall 

and green roof option. The annual total energy 

consumption for Erzurum is the highest in data 1, 

followed by data 2, 3 and 4, respectively. These 

results show that the use of green wall and green 

roof benefit the annual total energy consumption in 

Erzurum city (Figure 7). 

 

 
 

Figure 7. Annual heating, cooling and total energy consumption values of Erzurum city (kWh) 

 

According to the results, the benefit rates provided 

by the use of green wall and green roof compared 

to traditional roof and traditional wall options are 

given in table 2 for the cities of Antalya, Samsun, 

Konya and Erzurum. 

 

 Table 2. Benefit rates for four different cities 

 

  

Benefit ratio for annual 

heating consumption (%) 

Benefit ratio for annual 

cooling consumption (% 

Benefit ratio for annual 

total energy consumption 

(%) 

A2 7.50 1.89 2.45 

A3 25.89 4.52 6.65 

A4 33.31 7.61 10.17 

S2 4.71 1.61 2.68 

S3 28.23 0.55 10.07 

S4 29.19 2.23 11.50 

K2 9.36 -12.53 0.76 

K3 19.29 -0.19 11.64 

K4 19.87 3.01 13.25 

E2 2.55 3.36 2.67 

E3 14.36 -4.77 11.42 

E4 17.78 -4.35 14.38 

 

In figure 8, the benefit rates obtained in annual total 

energy consumption by using traditional walls and 

green roofs for four cities are given. According to 

this chart, the highest rate of benefit achieved by 

using traditional walls and green roofs is realized 

with 2.68% in Samsun, which is located in the 2nd 

climate zone. This is followed by Erzurum in the 

4th climate zone with a rate of 2.67% and Antalya 

in the 1st climate zone with a rate of 2.45%. In 

Konya, which is located in the 3rd climate zone, the 

least benefit is provided with 0.76%. 
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Figure 8. Benefit rates in traditional walls and green roofs (%) 

 

In figure 9, the benefit rates obtained in annual total 

energy consumption by using green walls and 

traditional roofs for four cities are given. 

According to this chart, the highest rate of benefit 

achieved by using traditional walls and green roofs 

is realized with 11.64% in Konya, which is located 

in the 3rd climate zone. This is followed by 

Erzurum located in the 4th climate zone with 

11.42%, Samsun in the 2nd climate zone with 

10.07% and Antalya in the 1st climate zone with 

6.65%. 

 

 
 

 Figure 9. Benefit rates in green walls and traditional roofs (%) 

 

In Figure 10, the benefit rates obtained in annual 

total energy consumption by using green walls and 

green roofs for four cities are given. According to 

this chart, the highest rate of benefit achieved by 

using traditional walls and green roofs is realized 

with 14.38% in Erzurum city located in the 4th 

climate zone. This is followed by Konya located in 

the 3rd climate zone with 13.25%, Samsun in the 

2nd climate zone with 11.50% and Antalya in the 

1st climate zone with 10.17%. 

 

 
 

 Figure 10. Benefit rates in green walls and green roofs (%) 

 



Geyikli and Canan / GUFBED 11(4) (2021) 1047-1058 

1055 

4. Discussion and conclusion 

 

In the study, simulations were made using different 

parameters and annual total energy consumption, 

annual heating consumption and annual cooling 

consumption have been compared for four different 

climatic regions of Turkey. In the simulations, it 

was determined in which climate zone the use of 

green roofs and green walls provided more positive 

effects than traditional roofs and traditional walls. 

In the calculations, it has been numerically proven 

that the use of green roofs and green walls provides 

a significant reduction in the annual total energy 

consumption for all regions. The findings resulting 

from the analysis are as follows: 

 

• Annual total energy consumption is less in all 

options using green roofs and green walls 

compared to all options using traditional roofs 

and traditional walls. Therefore, greening the 

roof or facade of the building saves the total 

annual consumption energy. 

 

• The annual heating energy consumption for all 

four different cities is the highest in data 1 using 

traditional roof and traditional wall, followed by 

data 2 using the green roof and traditional wall, 

followed by data 3 using the traditional roof and 

green wall. The annual heating energy 

consumption is the least in data 4, which the 

green roof and green wall are used. Therefore, 

as can be understood from these data, green roof 

and green wall provide savings in the annual 

heating energy consumption for all four 

climatic zones. 

 

• For Antalya city, the use of green roofs and 

green walls shows a decrease in annual cooling 

energy consumption from data 1 to 4. In other 

words, for data 4, which green roof and green 

wall are used, annual cooling energy 

consumption is the least. Therefore, for Antalya 

which located in one of the hottest climates of 

Turkey, using greening provides a lot of 

savings, especially for the summer months. 

Likewise, with the vegetation, shading is 

provided inside and outside the building and 

this creates comfortable spaces for people. 

 

• For Samsun city, annual cooling energy 

consumption is the highest in the option which 

traditional roof and traditional wall are used. 

This is followed by the data 3 using traditional 

roof and green wall, followed by the data 2 

using green roof and traditional wall. The least 

value is the data 4 which uses green roof and 

green wall. Therefore, using only green walls in 

Samsun city provides less savings in annual 

cooling energy consumption compared to using 

only green roofs. However, using vegetation on 

both roof and wall provides savings in annual 

cooling energy consumption. Greening only on 

the roof, only the wall, or both provides a 

considerable savings compared to the use of 

traditional roofs and walls. 

 

• For Konya city, annual cooling energy 

consumption is the highest data 2 which the 

green roof and traditional wall are used. This is 

followed by data 3 with a green wall and 

traditional roof. Then comes data 1 which 

includes the traditional roof and traditional wall. 

In this context, using only a green wall or only 

green roof causes damage to the annual cooling 

energy consumption for Konya city. However, 

for both options, savings are achieved in the 

annual total energy consumption. Data 4 which 

the green roof and green wall are used, is the 

least annual cooling energy consumption. In 

other words, the minimum cooling consumption 

occurs for a building with green roof and green 

wall in Konya. 

 

• For Erzurum city, annual cooling energy 

consumption is the highest data 3 which green 

wall and traditional roof are used. This is 

followed by data 4, using green roof and green 

wall, and then data 1, using traditional roof and 

traditional wall. The least valuable option is the 

data 2, with a green roof and traditional wall. 

However, using only a green wall or both a 

green roof and green wall harms the annual 

cooling energy consumption, but also saves on 

total energy consumption. Therefore, in a city 

like Erzurum where the summers are cold, it is 

a logical solution to use these systems since the 

annual cooling energy consumption will not be 

much, as it reduces the annual heating energy 

consumption and the total energy consumption. 

 

•  Comparison of the benefit rates in the four 

cities for the data 2 which green roof and 

traditional wall are used are Samsun with 

2.68%, Erzurum with 2.67%, Antalya with 

2.45% and Konya with 0.76%. While these 

values are close to each other for Samsun, 

Erzurum and Antalya, this value is lower for 

Konya. Therefore, the use of green roofs and 

traditional walls provides considerable benefits 

to the annual total energy consumption for 

Samsun, Erzurum and Antalya, but less for 

Konya. 
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• Comparison of the benefit rates in the four cities 

for the data 3 which traditional roof and green 

walls are used are Konya with 11.64%, Erzurum 

with 11.42%, Samsun with 10.07% and Antalya 

with 6.65%. Thus, using traditional roofs and 

green walls provides more benefits for Konya, 

Erzurum and Samsun, but less benefit for the 

city of Antalya. 

 

• Comparison of the benefit rates in the four cities 

for the data 4 which green roof and green wall 

are used are Erzurum with 14.38%, Konya with 

13.25%, Samsun with 11.50% and Antalya with 

10.17%. Therefore, using green roofs and green 

walls are beneficial for Erzurum, Konya, 

Samsun and Antalya. This situation is directly 

related to the climatic conditions of these cities. 

While the highest benefit rate is seen in 

Erzurum, which has the coldest climate, 

Antalya, which has the warmest climate, 

provides the least benefit rate. 

 

As a result, green walls and green roofs are new 

and sustainable solutions in architecture. Although 

it has some disadvantages; It has many positive 

features such as regulating air quality, reducing the 

urban heat island effect, reducing and increasing 

the temperature, saving in energy consumption, 

positively affecting human health, and providing 

noise and wind insulation. For this reason, green 

walls and green roofs are environmentally friendly 

systems, making cities more livable and 

comfortable. Especially in the long run, the 

benefits for people, the building and the city should 

not be overlooked. 
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