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Abstract 
 

The term of green building is widely used nowadays. The world moves 

toward sustainable green developments to produce an earth-friendly 

technology; however, these developments have been integrated with the 

buildings. This study firstly is to review and highlight the concept of 

sustainability, green buildings, and finally, it is focused on the green roof's 

definitions, advantages, and techniques.Secondly, it is to examine the 

effectiveness and suitability of the green roofs to use in the city of Mosul. 

These type of roofs help to achieve gains related to sustainable energy. In 

addition, it is reducing the negative environmental impacts on the 

environment especially to reduce the increasing temperature of air near the 

roofs of buildings, and thus it may contribute to the reduction of urban heat 

island effect. As a methodology to achieve the objectives of this study, a 

specialized environmental tool for simulation is called SOLENE-

microclimate will be used. The results of this study were divided into two 

parts: results related to the theoretical framework, and results related to the 

practical framework. Regarding the theoretical framework, this study and 

according to the ASHRAE report conclude that the maximum average day 

temperature for the classical roof surface was (54°C) while the maximum 

average day green roof surface temperature was (22°C) lower than the 

classical roof. While regarding the practical framework and according to the 

results of the simulation of the virtual building in Mosul City, the green roof  
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had reduced the average exterior surface temperature of building roof about 

45% compared to the conventional roof.This proves that this type of roofing 

is suitable to use in the city of Mosul, and it achieves a high degree of 

sustainability by reducing the surface temperature which affects the 

exterior/interior air temperature. 

 

Key words: Green roof, Sustainable, SOLENE-microclimate, Mosul. 

 

1 Introduction 
 

At the beginning of this century, technological progress changed the 

world in many ways [1]. The increases in crude oil prices and the side effects 

of daily activities from pollution, rising global temperatures (global 

warming),toxic waste, landfills at capacity, the depletion of natural resources, 

and the depletion of ozone layer and deforestation, made many countries give 

priority to sustainable development and renewable energy issues [2]. 

Green roofs are conceder as one of the passive cooling technique, in 

which the passive design is the key elements of sustainable design.The green 

roof one of the environmental solutions that can turn unwanted structures 

into plantable surfaces.The green roof provides air and water quality benefits 

and replace hot [3] [4]. 

Green roofs have become increasingly popular in Europe over the last 40 

years and in the United States for the last 10 years. Green roof concept is a 

truly unique place in modern economics: the creation of new markets for 

existing products and services [5]. 

According to the current literatures and the simulation results of virtual 

case study in Mosul city, the main objectives of this study are: 

 To review the current literature and highlights that related to the 

concept of sustainability and green roof technique. 

 To examine the possibility to use the green roof system in Mosul 

city as an alternative of a conventional roof surface 

Therefore, the problem of this study revolves around the lack of 

knowledge about this type of approach in Iraq that may be in harmony with 

the environmental conditions of Iraq because of the importance of this 

treatment in thermal insulation in hot summer and reducing the intensity of 

rainfall in winter [6]. 

 

2 Definition of Terms 
 

There are three terms used through this study “sustainability”, “green 

building” and “green Roof” [7]. These terms defined as a following below.  
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2.1 The Concept of Sustainability 
 

Sustainability is “the practice of resource use for the needs of today's 

society, while retaining the use of those same resources for the needs of 

future generations”. It has been developing since 1972. [8] [9] 

 

2.2 The Concept of Green Buildings 
 

This attitude as a mention in 2006 in the United States by the Baltimore 

City Green Building Task Force reports on “sustainable building guidelines 

standards for public and private construction and renovation projects” 

incorporates the following guiding principles: Efficient use of manmade 

resources and natural, -Considering the impact of buildings and development 

projects on the local. [10] 

 

2.3 The Concept of Green Roof 
 

These types of roofs spread in different regions of the world such as 

North America, Japan, Germany, Switzerland, London, etc [11] [12].  In 

South Asia, Kuala Lumpur, it pays more attention than other countries to 

green architecture, where it is working hard to increase the proportion of 

green buildings (green wall and green roof) in the city [13]. Fig 1 shows 

Green roofs, school of art- nanyang technological university, Singapore 

  

 

 

 

 

 
Fig 1: Green roofs, school of art- nanyang technological university, Singapore [14] 

 

3 Environmental Benefits of Using Green Roofs 
 

Green buildings can contribute to the sustainable development through 

the environmental element where there are three elements for sustainability 

environmental, economic and, social where the environmental element has a 

wide range of benefits including: enhancing and protecting[15]: absorbing a 

large volume of rainwater; filtering water entering waterways; fight the urban 

heat Island phenomenon (UHI); reduce dust storms and particles of 

suspended pollutants in the air; maintain a good level of indoor thermal 

comfort of the building; minimize acoustic contaminants; the provision of 

aesthetic spaces gives the psychological comfort of the scene; source for the 

continued life of migrating species. 
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4 The Types of the Green Roofs 
 

There are many types of green roofs based on the thickness of the 

substrate: extensive green roofs and intensive green roofs as shown in Figure 

2. [16]  

 
Fig. 2: Green roof systems (no green roof, intensive green roof, extensive green roof) 

[16] 

 

5 The Components of Green Roof Typical Design 
 

Over this, a drainage layer is put down. On top of the drainage layer, a 

filter mat can be placed to allow water to soak through but will serve to 

prevent the erosion of fine soil. The top layers of a green roof system include 

growing medium, plants, and a wind blanket to protect the growing medium 

until the roots of the plants take hold”. [17] [18]. Fig 3 shows Green roof 

components. 

 
Fig 3: Green roof components (Source:  [17]) 

 

6 Case Study  
 

As a case study (Figure 4), a virtual building will be simulated in Mosul 

City. It's one of the major cities northern Iraq, which has a hot semi-arid 

climate. In order to verify that "Green Roof System" is an appropriate 

solution that compatible with climatic conditions of Mosul and help to  
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improve the indoor/outdoor thermal environment performance of the 

buildings, which can be achieved by reducing the roof exterior surface 

temperature, thus and according to the heat transfer mechanisms in building 

roofs (Figure 5):  

      

 
Fig 4: Vertual building (Source [19]) 

 

Reducing the temperature of the air near the roof surface. This happens 

as a result of reducing the amount of heat that will transfer by convection and 

radiation from the exterior roof surface to the air near the roof. 

Reducing the amount of heat will be transmitted by conduction into the 

interior spaces of the building, especially a building floor which are directly 

under the building roof. 

As a final result: 1. Reduce the amount of energy is required to maintain 

an acceptable level of indoor thermal comfort. 2. Reducing the probability of 

occurrence of urban heat island phenomenon (UHI), which has been 

identified since the turn of this century. 

Regarding, the characteristics of the climate in Iraq and its relation to the 

study, according to The Weather & Climate of Iraq in 2017. Therefore, in 

Iraq, the most important factor affecting the environmental performance of 

buildings in summer time is the temperature of the air as the humidity is at 

the lowest levels. 

 

 
Fig 5: Heat transfer mechanisms in building roofs (Source: [20]) 
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8 Methodology   
 

To achieve this study, only the computer simulation will be adopted, as 

there is no building in Mosul city used the green roof alternative design 

solution to compare the results of the measurement with simulation results. 

In order to achieve the simulation step, SOLENE-microclimate tool will be 

used. This tool was developed at the CRENAU laboratory, ENSA Nantes-

France [21]. To use this tool, it is necessary to prepare a set of files. The most 

important files are: the geometry of the target building, the weather file of the 

target city, the specifications of the building materials for the target building, 

etc. 

As for the orientation of the building, in Mosul city, the dominant system 

of houses are single houses composed of one or two floors maximum, so 

there is no house affects the other in terms of shade and shadows or reduces 

the amount of direct solar radiation on the roof surface, in other words, the 

roof surface temperature is not much affected by building orientation in 

Mosul city. Accordingly, the orientation factor will be neglected from the 

simulation in this study (Figure 6). 

  

 
Fig 6: Top view of a residential area in the city of Mosul (Al-Noor district). 

(Source: Google Earth) 

As for the alternative roof types of the virtual case study in Mosul city, 

which will be simulated are two types: the first type is the extensive green 

roof, and the second type is the conventional roof that is generally used in 

Mosul City, which consists of a concrete slab, and it is finished with roofing 

tiles. 

As for the simulation period, the most suitable period for studying the 

environmental effects of the city of Mosul is in July, in which air temperature 

reaches its highest level in this month of the year. 
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9 Results 
 

The results of this study were divided into two parts: results related to the 

theoretical framework, and results related to the practical framework.  

Regarding the theoretical framework, this study concluded the followings: 

• Green building has a lot of advantages and disadvantages; 

however, it is still very useful to be used in the building. 

• Green building can be integrated with the buildings and will 

improve insulation and show a greater diversity of plants and habitat and 

many more advantages while the disadvantages are greatest weight loading 

on roof and few more disadvantages.  

• There are two types of the green roofs which are the intensive 

and extensive roofs. Each one has its uses. 

• It is recommended to use the green building to make use of its 

advantages. 

  

9.1 Numerical Table and Chart  
 

Figure 7 represents a diagram showing temporal variations of three 

variables: the exterior surface temperature of green roofs, the exterior surface 

temperature of conventional roofs, and the air temperature. Table 1 shows 

Numerical Results of the Simulation for 13 july. 

 

 
Fig 7: The results of the simulation (13 July) 
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Table 1: Numerical Results of the Simulation (13 July) 

 
 

9.2 Visible Results 
 

Table 2 consists of three columns: column 1, is the time steps of the 

simulation; column 2, is the average exterior surface temperature of green 

roofs represented by color; column 3, is the average exterior surface 

temperature of conventional roofs represented by color. 
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Table 2: Visible Results of the Simulation 

 
 
10 Conclusions 
 

From tables 1, 2 and figure 7, the average exterior surface temperature of 

the green roof was 33.7 °C while the conventional roof surface temperature 

was 50.7 °C. Therefore, we found that the green roof effectively had reduced 

the average exterior surface temperature of building roof about 45% 

compared to the conventional roof.  

This result corresponds to what was explained in the theoretical 

framework of this study. From that and over the results of the simulation (as 

tables 1, 2 and figure 7), it became clear that there is a great possibility to use 

the green roof system in the buildings of the Mosul City.  

Furthermore, this type of roofs contributes well to the sustainability of 

the buildings by reducing the consumption of energy that is needed to 

provide an acceptable level of indoor thermal comfort, in addition to 

maintaining a low air temperature surrounding the building. 
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