
IMPACT OF GLAZED BALCONIES ON THE ENERGY EFFICIENCY OF 

RESIDENTIAL BUILDINGS: THE CASE OF COASTAL REGION; SAIDA 
   
 
 
 

 

A Thesis 

presented to 

The Faculty of Ramez G. Chagoury 

of Architecture, Arts and Design 
 

 
at Notre Dame University-Louaize 

 

 
 
 
 
 
 
 
 

In Partial Fulfillment 

 
of the Requirements for the Degree 

 

 
Master in Architecture with 
Concentration in Sustainable 

Architecture 
 

 
 
 
 
 
 
 
 

by 
 

 
RAZAN H AWAD 

 

 
 
 
 

MAY  2020 

  



II 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

© COPYRIGHT 

By 
 

Razan H Awad 
 

2020 
 

All Rights Reserved 

  



Jean-Pierre
Pencil



IV 

 

 

 

  

 

 

 

This thesis work is dedicated to my husband, Yousef,  

And my baby soon to be born Malek. 

 

 

Aldo Leopold wrote: 

“Conservation is a state of harmony between men and land.” 

  



V 

 

Abstract 

This research project aims to study the effect of glazed balconies on energy consumed on 

cooling, balcony typologies, and adjacent spaces. The research focuses on the case of seafronts 

and specifically Saida’s coastal zone: “Corniche El Baher” area. Glazed balconies are a 

spontaneous chaotic trend that allows users to benefit from and occupy balcony spaces in all 

seasons. This trend has many impacts on the indoor thermal comfort and energy consumed in 

the glazed spaces.  

Drawing upon previous energy consumption research, particularly in the summer months in 

residential buildings in Lebanon and focusing on the coastal zones and buildings overlooking 

the sea on the west, was helpful in identifying the relation between energy consumption and 

glazing. The adopted methodology identified the balcony typologies found in “Corniche El 

Baher” area overlooking the west through site observation and note takings. Building modeling 

and energy simulations were implemented on several case studies in order to estimate the 

energy consumed on cooling in the glazed balconies and adjacent spaces of different balcony 

typologies. Three case studies were modeled representing the three balcony typologies; 

balcony surrounded by 1 wall, 2 walls, and 3 walls. Three scenarios for each model were 

simulated; balcony, glazed balcony, and glazed balcony having the wall separating the adjacent 

space from the balcony removed. 

The recordings indicated high-energy consumption in glazed spaces of all models, but 

difference in performance. The balcony surrounded by 1 wall having the wall separating the 

balcony from the adjacent space removed recorded the highest cooling demand. Amongst all 

spaces adjacent to the balconies in the three scenarios, the space adjacent to the unglazed 

balcony recorded the highest cooling usage. The most efficient adjacent space is when the 

balcony is glazed. The glazed balcony forms a buffer zone separating the adjacent spaces from 

the outdoor environment that decreases the heat transfer through the glazed balcony.  

The thesis presented projections where parameters such as: replacing glazing type by low-e, 

installing shading devices on 2/3 of the windows, changing the orientation of the balconies, 

and decreasing the window-to-wall ratio to 30%. 

There was a clear improvement in all scenarios’ energy consumption when shading devices 

were added to the glazed balconies models causing the energy consumed in the spaces to 

decrease. It is hoped that this thesis will contribute significantly to the the performance 

improvement of the current balcony glazing trend in Lebanon. The “Corniche El Baher” area 

will be set as a sample for seafronts in Lebanon having similar characteristics.   
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1. Introduction 

1.1 Background 

The need for energy consumption and production is constantly growing in several sectors. The 

building sector accounts for almost 40% of the total global energy consumed (Clerici, 2013). 

The energy consumed in the building sector corresponds to the energy used in the form of 

electricity to maintain occupants’ thermal comfort inside buildings. A significant portion of the 

energy used globally is consumed on heating and cooling systems in the buildings (up-to 37%) 

(Energy, 2012; Japan, 2010; Department, 2016). Attempts to reduce energy usage on cooling 

and heating in the building sector have been a challenge. Several countries made policies and 

regulations in order to reduce and control the energy consumed in buildings. Countries have 

tried to implement and adapt; energy conservation guidelines, building energy regulations, 

building codes, and awareness on building energy conservation issues, and to encourage the 

construction of energy efficient buildings (Hui, 2002; Janda, 2009).  

Building envelopes have a major role in controlling the consumption of energy used inside 

buildings for heating and cooling to maintain indoor thermal comfort. In order to achieve a 

comfortable indoor temperature, the selection of material of the building envelope should be 

focused on, since it directly affect the heat transferred through the building envelope (Natephra, 

Yabuki, & Fukuda, 2018). 

Several studies indicated that the main material in the building envelope that has the highest 

impact on the energy consumption is glazing (Azmy & Elghamry, 2018). 

 Glazed envelopes account for about 36% of the cooling load. They are considered the most 

important functional elements as they have direct impact on the thermal behavior of the 

building,  hence, the amount of energy consumed within (Haase & Amato , 2006; Al-Hosany 

& Khalifah, 2002; Azmy & Elghamry, 2018). 

In Lebanon, energy consumed in residential building exceeds commercial and industrial 

facilities. Residential buildings occupy up-to 47% of the total energy usage in Lebanon, out of 

which space cooling dominates other uses (Assaad, Habchi, Ghali, & Ghaddar, 2018; Yassine 

B. , Ghali, Ghaddar, Srour, & Chehab, 2012; Yathreb, 2016). 

Therefore, it is crucial to study the major contributor to the high-energy usage on space cooling 

in residential buildings.   

Since glazing is a brittle component in the building envelope that has direct impact on the 

energy consumption and space cooling, the thesis will focus on this building material in 

Lebanon (Kumar & Raheja, 2016). 
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Glazing in buildings is observed in the form of curtain wall system, windows, and glazed 

balconies. The existence of each glazing type in buildings depends on the cost and building 

type. In Lebanon, curtain wall systems exist mostly in office buildings in the form of glazed 

façades. Currently, there is a trend of increasing the use of glazing in balconies in residential 

buildings.  

Glazed balconies are currently a spontaneous chaotic trend that allows the closure of balconies 

by glazing in order to benefit from the balcony space legally.  Glazed balconies allow users to 

benefit from the space in all seasons and enlarge the occupied spaces. Moreover, glazing the 

balcony allows the space to be exploited and occupied, especially in small apartments. This is 

because there is an increase in the construction of multistory residential buildings and small 

affordable housing in the cities- due to the growing demand for people to live near their 

working spaces and the urban land price and construction costs(Kuamar, Ganesh, A.S, & 

Ramancharla, 2009; Credit Libanais Annual Report, 2017). The dense urban fabric in the cities 

deprived the users from privacy in balconies, since apartments are overlooking each other; 

therefore, glazed balconies provide privacy to the users but also isolation from the 

neighborhood (Jokhadar & Jabi, 2019). 

Glazed balconies in residential buildings will be the focus of the thesis in order to study the 

impact of glazed balconies on space cooling. 

However, there is a gap in the literature concerning the different balcony typologies and the 

performance of each. Therefore, the thesis will focus on glazed balconies in different balcony 

typologies to be indicated. 

The performance of glazing is affected by the climate and the orientation placed in. The 

performance of glazing in winter is different from the summer months, and the performance of 

glazing in the western elevation is different from the northern, eastern, and southern. Climate 

and orientation affect the glazing through the different range of solar radiation and heat gains. 

In Lebanon, the western orientation records the highest cooling demand in the buildings due to 

the high solar radiation accounted. The western elevation, if adjusted, can achieve a decrease 

in the energy consumption and space cooling in the apartments.  

Briefly, since cooling records the highest energy usage in the summer months, and the western 

elevation is proved to have high impact on energy consumption, the thesis will limit the focus 

on glazed balconies in residential building in the coastal zone of Lebanon overlooking the 

western orientation in Saida sea front focusing on the cooling demand. 
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Saida city accommodates a large population- upto 100,000 people , encounters economic, and 

construction growth. The context will serve as a sample to the sea fronts in Lebanon located in 

the same climatic region and overlooking the western orientation. If an in-depth study was 

conducted, 80% reduction on energy consumption for the use of cooling and heating can be 

obtained (Mirrahimi, et al., 2016). 

1.2 Aims, Objectives, and Methodologies 

The thesis will answer the following research questions; 

What is the impact of glazed balconies on energy consumed on cooling? 

What is the impact of the balcony typology on energy performance of glazed balconies? 

What is the impact of glazed balconies on the energy performance of adjacent spaces? 

By following these objectives: 

 To identify factors that affect thermal comfort 

 To estimate impact of glazing on indoor thermal comfort 

 To survey the types of glazed balconies 

 To estimate energy consumed on cooling in glazed balconies 

 To estimate the effect of glazed balconies on the adjacent spaces’ cooling demand  

 To estimate the effect of balcony types on space cooling  

 To modify several parameters that can improve efficiency of glazed balconies 

Each objective will be addressed through different methods; whether based on secondary data 

in the literature review or based on experimental and primary data. The site observation and 

note taking methodology will be implemented in order to identify the different balcony types 

found in the context chosen. Building modeling and energy simulation will be used in order to 

estimate the energy consumed on cooling in the spaces by designing a model using several 

architectural software; Revit, Insight 360, Energy Plus, and Green Building Studio. 

1.3 Thesis Structure 

The first chapter is a general introductory chapter that explains the structure, aims and 

objectives, research question and the methodology employed. Chapter 2 provides a critical 

review on the existing literature on glazing and glazed balconies by identifying their impact on 

energy consumption and thermal comfort. Chapter 3 is dedicated to the understanding of the 

selected site where the simulations were done. Chapter 4 describes the theoretical approaches 

to research methodologies that will assess in framing the implemented methodology. Chapter 

5 elaborates on the implemented methodology and empirical work done on the specified area. 

Chapter 6 is devoted to the analysis of the findings and data collection from the undertaken 
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empirical analysis. Chapter 7 starts with the conclusion to the thesis with possible projections 

towards achieving efficient performance and energy reduction.  
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2. Literature Review 

2.1 Introduction 

This chapter will acknowledge previous work done on similar topic of the thesis. The literature 

will help frame the methodologies to be implemented and shed light on the gaps if found in the 

previous studies. The first section will define the thermal comfort that affects the occupants’ 

comfort inside buildings. Several factors affecting the thermal comfort will be explored, 

focusing on the measurable factors that have to do with architects. The effect of thermal 

comfort on energy consumed, especially on the building sector is discussed in the second 

section, focusing on the main factors that increases the energy consumption in residential units. 

The third section discusses the important factor that affects energy consumption; Building 

envelope. All the building components will be elaborated upon focusing on glazed balconies 

phenomena, and mainly glazing; the most brittle component in the envelope.   

2.2 Occupants’ Comfort Inside Buildings; Thermal Comfort 

Thermal comfort is a term that defines the comfort of an environment, whether in buildings or 

outside, determined by norms and expectations of individuals (Nicol & Roaf, 2017). The 

comfort field was firstly introduced in the 20th century. It defined the need for heating, 

ventilation, and air conditioning systems (HVAC) in order to allow engineers to target and 

calculate the sizing of the HVAC plants implemented in a building. Engineers needed 

measurable and physical factors to ensure thermal balance between occupants and the 

environment (Farnham, Emura, & Mizuno, 2015; Nicol & Roaf, 2017; Chappells & Shove, 

2005).  

Thermal comfort is when users adapt to the environment they are occupying, in relation to the 

location, climate, and building performance (Quang, Knibbs, Dear, & Morawska, 2014). The 

adaptation occurs when heat exchange underwent between the body and the environment to 

allow occupants maintain comfort. This heat exchange happened through convection, 

conduction, radiation, and evaporation (ASHRAE, 2004). 

 There are several factors that affect the human comfort, where some were measurable and can 

be quantified, and some were not, such as the metabolic rate. The measurable parameters that 

influenced the building sector in general, and on the glazing in specific, are our concern in 

which the methodology can build upon. The measurable factors that affected the building 

envelope are; air temperature, air velocity, radiant temperature, and relative humidity. Whereas 
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personal factors are: the activity level, metabolic rate, and clothing insulation of the user 

(Simion, Socaciu, & Unguresan, 2016). 

 ASHRAE defined thermal comfort of buildings “as the state of mind that expresses satisfaction 

with the surrounding environment “ (ASHRAE, 2004).  Meaning, in order to achieve thermal 

comfort  inside a building, the following parameters must be controlled: air temperature ( heat 

loss and heat gain), mean radiant temperature, relative humidity, air velocity, ventilation, 

infiltration, occupants, thermal transmittance, area and quality of glazing, and internal and 

external temperature. In order to maintain a balance, the relationship between the occupants 

and the indoor environment must be controlled without human effort (ASHRAE, 2004; 

Pernigotto, Tarantini, & Gasparella, 2017).  

Unfortunately, maintaining thermal comfort is not attained without relying on HVAC systems. 

Up to 40% of the global energy consumption is accounted from the building sector, which also 

contributed to over 30% of the total CO2 emissions (Almarzouq, 2019; Azmy & Elghamry, 

2018). Thus, most of the energy consumed is used to achieve thermal comfort by operating 

HVAC. 

 The growing demand for a better thermal comfort in buildings resulted in the increase of 

HVAC installations, and thus energy consumption. This concern led researches to improve the 

building performance, and mainly; the building envelope, the windows and glazing systems in 

particular, since they have major impact on energy consumed (Govindaraju & Tang, 2013; 

Costa, Keane, & Corry, 2013; Huang & Chung, 2013). The thesis will focus on the important 

factors that affect the thermal comfort in the building component. The focus to maintain 

thermal comfort will directly address the energy consumed. Addressing the energy consumed 

will help decrease energy bills, heating, and cooling demands by maintaining comfort with 

minimal energy consumption (Akbeiber, 2016; Assaad, Habchi, Ghali, & Ghaddar, 2018; 

Azmy & Elghamry, 2018). 

2.3 Energy Consumption 

Energy consumption is increasing annually. In 2015, a survey indicated that the global energy 

demand and CO2 emissions have grown by 49% and 43% annually respectively (Andelkovic, 

Mujan, & Dakic, 2016). The contribution of the building sector on this demand exceeds other 

sectors; industrial and transportation.  This was due to several reasons, such as growth in 

population, increase of time spent indoors, and the demand for comfort levels inside buildings 

(Apte & Wu, 2012). The increasing demand raised concerns on the supply depletion, and 
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exhaustion of the used natural resources (oil, fuel, andcooling many more). Therefore, reducing 

energy consumed in the building sector, and designing energy efficient buildings has become 

the international researchers’ concern (Perez-Lombard, 2008; Akbeiber, 2016; Andelkovic, 

Mujan, & Dakic, 2016). 

Energy consumed in buildings can be affected by several factors. Several studies attempted to 

understand the major contributors on energy demand in buildings (Yu, Fung, Haghighatt, 

Yoshino, & Morofsky, 2011; Natephra, Yabuki, & Fukuda, 2018). The factors that influence 

the total building energy consumption can be summed up to seven factors. Climatic 

characteristics: concerned with the outdoor air temperature, solar radiation, wind velocity, air 

humidity, shading, and long wave radiation. The climatic characteristics affect the heat transfer 

within the walls and envelope of the building and thus affect the building energy balance 

(Moser & Koschenz, 2001). Building-related characteristics: concerned with the type, area, 

location, and orientation of building. User-related characteristics: user presence and occupancy 

of buildings excluding the social and economic factors (Ali, 2013). Building services system 

and operation: that includes space cooling and heating, and the hot water supply. Social and 

economic factors that are concerned with the educational level of the users. Finally, building 

occupants' behavior and activities, and the indoor environmental quality (Yu, Fung, 

Haghighatt, Yoshino, & Morofsky, 2011; Natephra, Yabuki, & Fukuda, 2018). 

In the early design stages, understanding the solar radiation, wind speed, orientation, and other 

climatic data obtained from the context, assisted to choose the most appropriate energy saving 

strategy to be implemented in the design phase. The design stage also provided opportunities 

for designers to integrate design alternative strategies that best achieved energy efficient 

buildings. The structures, building materials, and building envelope are explored at the early 

stage (Jalaei & Jrade, 2014; Mourshed, Kelliher, & Keane, 2000).  

By implementing energy efficient strategies, usage of the HVAC systems could be reduced, 

especially that cooling and heating systems are considered major energy consumers in 

residential buildings. In response to this issue, there was growing consensus in the building and 

design communities about reducing energy demand by quantifying the performance of 

building's components at the design stage (Natephra, Yabuki, & Fukuda, 2018). 

Achieving energy efficient strategies in buildings also relied on how the occupants behaved 

and interacted in the building. (Owens & Driffill, 2008) Occupants’ behavior activities indoors 

had a major influence on the energy consumed inside a building (Hong, Yan , D'Oca, & Chen, 

2017). The cooling system is directly affected by the residents’ occupation and density inside 
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a building. As the density of occupants inside the building increases, the usage for the cooling 

and heating system increases (Yuan, Ruan, Yang, Feng, & Li, 2016).  

However, although several factors have direct contribution on energy consumption in 

buildings, the building envelope still determined a large part of HVAC usage in buildings 

(42%) (Natephra, Yabuki, & Fukuda, 2018; Guerra, Itard, & Visscher, 2009). For this reason, 

the thesis will focus on energy consumed in buildings in the form of building envelope and its 

components. 

2.4 Building Envelope 

The building envelope is the enclosure system of the building that separates the interior of the 

building from the exterior. It acts as a closure; both aesthetic, structural, and environmental, 

and indicates distribution of functions from the facade (Grosso & Basso, 2010). The building 

envelope is a system that affects the energy efficiency of buildings (Egwunatum, Joseph-

Akwara, & Akaigwe, 2016). The thermal properties of the building envelope’s material have a 

direct impact on the amount of operational energy required by the buildings for cooling and 

heating systems (Noori & Hwaish, 2015; Sadineni, Madala, & Boehm, 2011; Chan & Chow, 

2014). 

Building envelopes and facades are mainly static, although the climatic characteristics have 

variable parameters. The building envelope acts as a thermal barrier through which the thermal 

energy is transferred. By minimizing the heat transfer through the building envelope, the need 

of energy used for heating and cooling can be reduced considerably. The envelope affects the 

thermal performance of the interior spaces and yet controls the demand of the habitants hereby 

act as an environmental moderator (Sadineni, Madala, & Boehm, 2011; Wang, Beltran, & Kim, 

2012). 

The thermal barrier acts as a boundary for heat flow. The air barrier acts as a protective and 

air-resistant material that controls air leakage through the building envelope. To maintain 

comfortable indoor conditions, the building envelope must provide a good thermal barrier and 

prevent heat losses and gains (Kruger & Seville, 2012). For this reason, if the heat transfer 

from the building envelope to the interior spaces is increased, the amount of energy used in 

order to achieve and compensate the internal comfort is increased, noting that 60% of the total 

energy consumed in a building is for space heating and cooling (H, Ghaffarianhoseini, 

Raahemifar, & Tookey, 2016; Oral & Yilmaz, 2003). 

In order to achieve indoor comfort, the thermal performance of the building should be 

quantified. The choice of the building envelope’s material reduces cooling and heating loads 
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due to the indoor thermal comfort regulations with respect to the climatic conditions (Noori & 

Hwaish, 2015). Hence, by designing the building envelope parameters with respect to the 

orientation, shape, walls, fenestrations, shading device, roof, and the climate of the context, the 

HVAC load can be reduced in the buildings. This leads to the decrease in the energy consumed 

for heating and cooling (Oral & Yilmaz, 2003).  

The main components of the building envelope that has major effect on the energy consumption 

are mainly the components with the bigger area and contact with the environment. Walls, roofs, 

and glazing are materials that affect the building operational energy performance and demand. 

The effect of the envelope component in the cooling demand depends on the thermal 

transmittance and conductivity of the materials used. Thermal transmittance (U-value) is the 

rate of heat transfer through the material. The lower the U-value, the higher the insulation. The 

higher the U-value, the higher the thermal and heat transmittance (Chowdhury, 2019). Thermal 

conductivity is the measure of the ability of the material to conduct heat. The higher the thermal 

conductivity, the higher the efficiency to conduct heat (steel), and vice versa (such as 

Styrofoam) (Asdrubali, D'Alessandro, & Schiavoni, 2015; Trgala, 2019). When the material 

has high U-value and low conductivity, energy consumed is controlled and decreased 

(Asdrubali & Baldinelli, 2011; Vollaro, et al., 2015). 

Walls have the largest surface of the façade; they represent the largest environment direct 

interaction. The thermal transmittance and thermal conductivity of the wall has a major effect 

on the cooling demand (Visser & Yeretzian, 2013; Luo, 2019). For example, lightning the wall 

color creates a reflection for the heat, and rough wall surface reduces heat absorption thus 

reducing the cooling load (Visser & Yeretzian, 2013; Lin, Zhou, Yang, & Chun-Qing, 2018). 

The roof of the building has the highest direct solar radiation on a surface. Therefore, the roof 

has high impact on the cooling demand. The lower the insulation of the roof surface material, 

the higher solar absorption and heat transfer, the higher the cooling demand. Lightning the roof 

color can create a time lag by delaying the solar absorption and heat transfer for up-to 2 hours 

(Visser & Yeretzian, 2013; Alhuwayil, 2019). 

Scholars proposed several strategies to minimize heat gain through the envelope. Such 

strategies include enhancing the design of the building in terms of placement, position, and 

orientation of material (Noori & Hwaish, 2015; Sadineni, Madala, & Boehm, 2011). Choosing 

appropriate building materials that are suitable to the climate of the context is another strategy 

(Haase & Amato , 2006; Al-Hosany & Khalifah, 2002; Azmy & Elghamry, 2018). Moreover, 

considering shading devices on the glazing, enhancing the surrounding microclimate, and 
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finally selecting an optimum building orientation and area of windows can achieve efficient 

energy reduction. Combining the appropriate choice of materials of envelops, is one strategy 

that can lower the thermal impact, minimize solar heat transmission, and help architects 

achieve high-energy efficiency in buildings (Noori & Hwaish, 2015; Sadineni, Madala, & 

Boehm, 2011).  

Research indicated that the main component of the envelope that has an effect on the energy 

demand is the glazing: its orientation, area, type, ratio, and characteristics (Hilliaho, Köliö, 

Pakkala, Lahdensivu, & Vinha, 2016). Glazed envelopes account for about 36% of the cooling 

loads and are considered the most important functional elements. Glazed envelops have direct 

impact on the thermal performance of the building, thus the amount of energy consumed within 

the envelope (Haase & Amato , 2006; Al-Hosany & Khalifah, 2002; Azmy & Elghamry, 2018). 

Having glazing accounted for major energy demand contributor; the thesis will focus on this 

component.  

Glazing facades in residential buildings in Lebanon is found in the form of glazed balconies, 

rather than curtain walls. Thus, the thesis will focus on the glazing component in the glazed 

balconies phenomena, in order to address an existing typology. 

2.4.1 Glazing 

This section elaborate on previous studies done on glazing with respect to energy consumption 

and efficiency. The studies underwent several variables that affect energy efficiency such as, 

the glazing type and thickness, window-to-wall ratio, orientation of glazing, and shading on 

glazing. Several terms were defined and introduced in order to further focus on the aim of the 

thesis. Thermal transmittance and emissivity were defined to allow correct evaluation of 

glazing type. The literature will shed light on most efficient glazing types and variables that 

affect energy consumption in order to focus upon in the simulations of the designed models. 

2.4.1.1 Glazing; Thickness and Type 

Glazing is the most brittle material in the building envelope that has direct relation with the 

outdoor environment. It is a weak component, regarding energy performance, due to its direct 

solar gain through transparency (Alwetaishi M. , 2019). Consequently, glazing is of prime 

importance for affecting the indoor thermal comfort and controlling energy demand in 

buildings (Alwetaishi M. , 2019). Architects and engineers should be aware of its consequences 

on the indoor comfort and energy performance, especially in hot climatic regions (Kim, Yoon, 

& Lee, 2017).  
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Glazing is responsible for heat losses and gains. Thus, glazing has major influence on the 

energy consumed through thermal transmittance (U-value) and emissivity 

(Roberto, Mazuroski, Abadie, & Mendes, 2011; Tsikaloudaki, Laskos, & Theodosiou, 2012). 

Thermal transmittance is the rate of transfer of heat through matter. Emissivity is the measure 

of effectiveness in emitting energy as thermal radiation (Escudier & Atkins, 2019). 

 Thermal transmittance along with emissivity are two main factors that have direct impact on 

solar radiation transfer.  

The thermal characteristics of glazing have an impact on the energy consumed and are directly 

affected by the glazing type used; single glazing, double glazing, or low-e glazing. The lower 

the thermal transmittance, the lower heat gains, and the lower energy consumed on cooling. 

Accordingly, low-e (low emissivity) glazing has the lowest U-value amongst double and single 

glazing (Yang & Chow, 2018; Almarzouq, 2019).  

However, very low thermal transmittance reduces the daylight accessibility and thus increases 

the use of artificial lighting (very low emissivity) (Yang & Chow, 2018; Almarzouq, 2019). 

When considering the thermal transmittance of glazing types, it is crucial to focus on the 

thickness of the glazing used and its effect on the thermal transmittance, heat loss and gain 

(Tavares, Perdigao, & Bastos, 2017; Li & Malcom, 2010). The glazing thickness can vary from 

3mm to 12mm (Tavares, Perdigao, & Bastos, 2017; Li & Malcom, 2010).  

 

Figure 2.4.1. Effects of the thickness of glazing. Source: (Mebarki, Djakab, Karim El Hassar, 

& El Amine Slimani, 2018) 

Figure 2.4.1 indicates the effect of the glazing thickness on the insulation and thermal 

transmittance (U-value). According to Figure 2.4.1, the thicker the glazing, the more the 

insulation from solar radiation can be obtained. The less the solar radiation in the interior space, 

the more the stabilization of the indoor temperature. The thickness also helps maintain indoor 

stability in cold climates and reduces heat losses (Ozel, 2019; Alhuwayil, 2019). 
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Determining the thickness of the glazing depends on the sizing and area of the opening 

(Figure2.4.2). As the area of the glazing and height of building increases, the thickness of the 

glazing should increase. Comprehensively, as the thickness of the glazing increases, the price 

and its weight also increase (Almarzouq, 2019; Djamila, 2017; Perina, Sevcikova, Redek, & 

Marcela, 2016). 

 

Figure2.4.2.Thickness of glazing in relation with sizing and area, Source: 1  

Another factor that affects the energy consumption and performance of the glazing is the 

glazing type. Each glazing type has a different thermal transmittance and emissivity 

coefficients that transfers solar radiation. The solar radiation transferred coefficient is different 

in single pane, double, or a selective coating in induced glazing (Msnuela, Anna, Salvatore, & 

Antonio, 2016). 

Amongst glazing types, single glazing has the highest transmittance coefficient which leads to 

high heat exchange, especially in hot climates (Zhou, Hu, & Du, 2013; Zdenek, Sevcikova, 

fabian, Halirova, & Rykalova, 2016). Yet, single glazing is inefficient in reducing heat 

exchange that occurs across the glazing system. A study was undertaken in the hot climate of 

KSA (Kingdom of Saudi Arabia) examined the effect of a 6mm glazing in several institutional 

buildings (Alwetaishi M. , 2019; Cinzia, Linda, & Elisa, 2012). Simulations underwent, and 

the findings revealed excessive heat gain and high thermal conductivity coefficient. The 

excessive heat gain resulted in high energy consumed on cooling (Nicola & Inger, 2016; 

Tavares, Gaspar, Martins, & Frontini, 2014). 

Installing double layered glass (double-glazing) can ensure higher insulation than the single 

clear glazing (Table 2.4.1). The distance between the glasses reduced heat transfer since it has 

low thermal conductivity (Nicola & Inger, 2016; Tavares, Gaspar, Martins, & Frontini, 2014).  

                                                 

1 https://alcon.co.il/all-about-glass/ 
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Several studies for energy efficient glazing has been carried out. The findings concluded that 

most of the glazing involving low-e (low emissivity) are considered the most efficient and can 

achieve up to 20% of total energy reduction (Alwetaishi M. , 2019; Ozel, 2019; ISO & FDIS, 

2003). Adding coating to the glazing blocks deviates radiation that causes heat gain and allows 

high visibility (Roberto, Mazuroski, Abadie, & Mendes, 2011). A very common efficient 

coating is the spectrally selective coating, which has been developed in many studies. The 

coating was proved to reduce heat energy exchange by 55% compared to double glazing (Table 

2.4.1) (Kim, Yoon, & Lee, 2017). However, the cost also differs in each glazing type, having 

the spectrally selective coating significantly increase the initial cost  (Roberto, Mazuroski, 

Abadie, & Mendes, 2011). Triple glazing is an efficient glazing type that ensured energy 

consumption reduction, but the implementation required extreme climate conditions due to its 

increased initial cost (Msnuela, Anna, Salvatore, & Antonio, 2016).  

Single Glazing Double Glazing Spectrally Selective Coating 

 

 High transmittance 

 Excessive heat gain  

 High thermal 

conductivity 

coefficient  

 High solar penetration 

(Alwetaishi, 2019) 

 

 Ensure higher insulation 

 Lower Transmittance 

 Less cooling demand and 

heat exchange  

 

 

 Blocks infrared radiation that 

causes heat gain  

 Reduces heat energy exchange 

by 55% compared to double-

glazing. (Kim, Yoon, & Lee, 

2017; Alwetaishi, 2019)  

Table 2.4.1.Table indicating several types of glazing and their properties 

Scholars examined the influence of glazing in relation to energy saving in several residential 

buildings through simulations. It was found that the application of low emissivity (low-E) 

glazing would lead to a reduction in cooling electricity usage by up to 4.2%, and double clear 

glazing by up to 3.7% (Almarzouq, 2019; Yang & Chow, 2018; Ozel, 2019). The achievable 
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saving would depend on orientation and climate (Islam & Alam, 2017; Manzan & Padovan, 

2015). 

The glazing type does not only affect the energy consumed for cooling, but also impacts the 

penetration of natural light in the building. Scholars agree that single clear glass allowed high 

solar penetration, but also high levels of heat gain (Ozel, 2019). This means that energy 

consumed in artificial lighting is decreased, whereas energy consumed in cooling is increased. 

In contrast, tinted glass plates allow less sunlight penetration and decreased cooling usage 

(Zdenek, Sevcikova, fabian, Halirova, & Rykalova, 2016; Yang & Chow, 2018). Meanwhile, 

the reflective glass plates that acts as a mirror has minimum visibility and natural sunlight 

penetration, but less heat gain.  

In conclusion, each type of glazing performs differently according to the climate situated in. 

Glazing type installed in hot climatic zones performed differently than glazing installed in cold 

climatic zones. Using glazing that compensated between reducing artificial lighting and 

reducing direct solar radiation could cause a reduction in the annual cooling by 16% 

(Alwetaishi M. , 2019). Moreover, the glazing decision must consider the context and climate 

placed in, in order to choose the most suitable type, and to focus on the window-to-wall ratio 

and orientation of the openings in the building design. 

2.4.1.2 Window to Wall Ratio and Orientation of Glazing 

Window-to-wall ratio and the orientation of the glazing, in respect to where they are placed, 

are main factors to be considered before installing glazing. The energy efficiency of glazing is 

different in different orientations, and the energy performance of glazing is different in 

different window-to-wall ratios. According to the context and climate, glazing is responsible 

for up to 25% of heat loss and excessive heat gain depending on the sizing of the glazing, 

orientation, and window to-wall ratio (Alwetaishi M. , 2019).  

Window-to-wall ratio is the value that corresponds to the window area and that of the wall area 

(façade). As the window-to-wall area increases, the natural lighting increases in the room; thus, 

artificial lighting decreases. However, the increase in the window-to-wall ratio affects the 

thermal comfort of the interior spaces and energy consumption. As the window-to-wall ratio 

increases, the total energy consumption increases and vice versa, especially in the eastern and 

western orientation. The northern façade is mostly affected by the window ratio unlike the 

southern façade where window-to-wall ratio has the least influence (Tavares, Perdigao, & 

Bastos, 2017; Kim, Yoon, & Lee, 2017; Tavares, Gaspar, Martins, & Frontini, 2014). 
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According to several studies, the minimum efficient window-to-wall ratio that results in 

minimum energy demand ranges between 30 and 45%. Other studies suggested that having 

15% window-to-wall ratio resulted in best energy demand (Hassouneh, Alshboul, & Al-

Salamyeh, 2010; Zhou, Hu, & Du, 2013; Yu, Fung, Haghighat, Yoshino, & Morofsky, 2011; 

Yang, et al., 2015). However, window-to-wall ratios perform differently in different climates. 

The minimum window-to-wall ratio is not efficient in cold climates since high solar penetration 

is needed in order to heat the area. The larger the window area, the larger the cooling demand, 

and the lower the heating demand in cold climates. In hot climates, glazing on the eastern and 

western facades can perform efficiently with a sizing of 25% to reduce excessive heat gain. In 

cold climates, on the other hand, south facades can maximize heat gain and thus reduce heating 

demand (Hassouneh, Alshboul, & Al-Salamyeh, 2010; Zhou, Hu, & Du, 2013; Yu, Fung, 

Haghighat, Yoshino, & Morofsky, 2011; Yang, et al., 2015). 

Window-to-wall ratio is directly affected by the orientation of the installation and the climate 

of the building. In cold climates, installing large glazing façades can reduce heating demand, 

while in hot climates; large facades can cause excessive heat gain and thus high cooling 

demand. The choice of ratio and orientation should be linked to the climate and context of the 

building in order to design the most efficient glazing placement. Studies recommend 

considering the placement of glazing and sizing in order to prevent high-energy bills (Zhou, 

Hu, & Du, 2013; Yu, Fung, Haghighat, Yoshino, & Morofsky, 2011; Yang, et al., 2015). 

In order to control and minimize heat transfer through glazing, the window-to-wall ratio of the 

envelope must not exceed 18% (Xu, Feng, Chi, Liu, & Duo, 2018). In the southern façade, 

window-to-wall ratio should not exceed 10%. On the northern façade -which has the lowest 

radiations of all the facades- enlarging the glazing ratio does not affect the heat transfer. 

Whereas, glazing should preferably be reduced on the western, eastern, and southern façades 

(Visser & Yeretzian, 2013; Iwaro & Mwasha, 2010). 

2.4.1.3 Shading and Glazing 

Shading the glazing in all its means and technologies proved to reduce efficiently direct solar 

radiation. Shading the openings has an important role in affecting the energy efficiency of the 

interior spaces. Shading, whether movable or static, has been proved to decrease the total 

energy consumption of the residential units (Islam & Alam, 2017).  

The shades influence the energy consumption by decreasing the solar radiation on the glazing 

transmitted to the interior spaces. Installing shading devices on windows can reduce 

temperature by 1.5 degrees and energy consumption by 8% from the base model (Tkaczyk, 
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Mauring, & Kull, 2015). However, the effectiveness of the shading differs from one orientation 

to another and from different climatic regions (Samanta, Saha, Biswas, & Dutta, 2014). 

Scholars agreed that the reduction in energy consumption by using shading, especially 

regarding cooling in all orientations, is similar to the reduction in energy when applying high 

cost optimized glazing. The decrease in space cooling upon the addition of shading can reach 

up-to 7% (Samanta, Saha, Biswas, & Dutta, 2014; Manzan & Padovan, 2015; Islam & Alam, 

2017).  

Similar to other factors that affect glazing, orientation and climate are main factors that affect 

the placement of the shading and the energy bill. In hot climate, the installation of glazing has 

a high effect on the cooling demand by decreasing the direct solar radiation, unlike in cold 

climates. 

2.4.1.4 Conclusion 

In conclusion, several factors should be considered when choosing the glazing type to be 

inserted in the facades depending on the sizing of glazing, orientation overlooking, context 

placed in, and most importantly climate of the area. In climates similar to the climate of 

Lebanon, where energy is mainly consumed on cooling, emissivity and transmittance should 

be considered in order to control the heat exchange between the environments. Therefore, a 

minimum thickness can cause high heat exchange, and a single glazing can cause high cooling 

demand. The glazing type preference should be suitable to the climate. Architects should also 

be aware of the different performances of the glazing placements, sizing, and orientation. In 

existing buildings, the placement of shading devices along with replacing the glazing type can 

efficiently decrease the energy consumption.  

 

2.4.2 Balconies 

Balconies are important architectural features that are part of the building envelope. They have 

several effects on the sociability and connectivity of the neighborhood, and on the indoor 

thermal quality (Ai Z. , Mak, Niu, & Li, 2011). 

Since the 1920s, balconies played a major role in the housing design. This enabled people 

living in the upper floors to enjoy sunlight and air. It allowed apartments to being visually 

connected to, while physically separated from, the street and neighborhood (Lin J.-A. , 2015). 

The Lebanese rules and regulations mandated that architects include a balcony in every 

apartment. A minimum of 20% the area of the floor should be occupied by balconies.   
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Not only do the balconies have a social and urban impact, but they also have an environmental 

impact on the indoor spaces. The balconies contribute in improving natural ventilation and air 

quality indoors. This contribution is due to the effect of the wind distribution on the envelope 

by directing the wind both indoor and outdoor, which maintains indoor thermal comfort by 

providing shading and thus decreases heat gain in the apartments (Ai Z. , Mak, Niu, & Li, 

2011).  

However, several countries are enclosing the balconies and changing the appearance of the 

buildings. In Taiwan, at the first glance, the balconies may be invisible as most have been 

glazed; it is as if balconies were unwanted by apartment owners (Omrani, Garcia-Hansen, 

Capra, & Drogemuller, 2017). This trend for low-cost architectural modification crosses 

economic class boundaries (Saleh, 2015). Although the act of enclosing balconies has a 

positive influence (e.g. active user participation), yet the negative influence urban aesthetics 

and climate control is major (Posht, Kohneh, Khosro, & Seyed Majid, 2017). 

2.4.3 Glazed Balconies 

Enclosing the balcony by glazing have several purposes and corresponds to several 

consequences. This act has a direct effect on the building’s envelope appearance, interior 

spaces, and thermal comfort. The trending phenomena of enclosing balconies are an 

international act that allowed its users to benefit from the interior spaces in all seasons. The 

trend allowed contractors and designers to design the houses accordingly. They considered the 

balcony as a continuation to the adjacent space or other livable spaces separating them by glass 

doors. Since the balcony space is glazed, it served as an extra room. For contractors, the space 

is considered a profitable area that can be promoted as a space for extension. For users, glazed 

balconies were considered additional spaces that could be transformed into useful interior 

spaces (Lin J.-A. , 2015; Grudzinska, 2016; Liu, 2006). 

This low cost modification phenomenon can be observed in small apartments aiming to enlarge 

the space, or in luxurious apartments aiming to benefit from all spaces of the house (Perina, 

Sevcikova, Redek, & Marcela, 2016). 

Glazed balconies help reduce transparency especially in dense urban cities. It can also help in 

reducing noise if the location was on a traffic road and maintain privacy. However, this act can 

also cause social isolation. Balconies were used to communicate with the outdoor and overlook 

the neighborhood. Upon enclosing this space, it resulted in having apartments that are 

introverted with no interaction with the neighborhood and streets (Lin J.-A. , 2015; Grudzinska, 

2016; Liu, 2006). 
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Enclosing balconies change the building envelope’s appearance and thus its performance. The 

thermal performance of the building is affected by its materials. If the materials change, the 

performance consequently changes. The addition of glazing on the balcony affected the thermal 

properties of the apartments by 5 degrees warmer than the outdoor temperature (Perina, 

Sevcikova, Redek, & Marcela, 2016; Hilliaho, Nordquist, Wallenten, Abdul Hamid, & 

Lahdensivu, 2016). 

 Glazed balconies perform differently in different climatic zones. In cold climates, as the 

outdoor temperature decreases, the temperature inside the glazed balcony increases. This is 

because solar radiation heats the area, especially on the north and south façade. The northern 

and southern façade allow glazed balconies to function as a buffer zone that controls heat loss 

during the winter and protect from solar radiation in the summer season as shadings (Paek, 

2014; Ghabra, Rodrigues, & Oldfield, 2017; Hilliaho, Köliö, Pakkala, Lahdensivu, & Vinha, 

2016). However, this buffer zone can result in the increase of humidity by 60%, and the 

formation of molds in the structures of the glazed balconies (Zdenek, Sevcikova, fabian, 

Halirova, & Rykalova, 2016). 

 In hot climates and summer seasons, the glazed balconies are not recommended especially in 

the west façade where it causes the highest annual energy consumption (Azmy & Elghamry, 

2018; Ge, McClung, & Zhang, 2013). This is because solar radiation warms up the glazed 

balcony very rapidly and causes greatest temperature difference between the space and the 

outdoor (Hilliaho, Köliö, Pakkala, Lahdensivu, & Vinha, 2016). 

Whereas a balcony serves as a passive cooling device, the greenhouse effect of an glazed 

balcony results in substantial heat gains and thus necessitates mechanical cooling in which 

energy consumption for cooling can reach up to 200% increase (Jergensen & Hendriksen, 

2004; Tavares, Perdigao, & Bastos, 2017; Hilliaho, Nordquist, Wallenten, Abdul Hamid, & 

Lahdensivu, 2016). In the case of buffer zone creation, the wall separating the balcony from 

the interior is not removed whereby the balcony is a glazed interior space but is still separated 

from interior spaces (Perina, Sevcikova, Redek, & Marcela, 2016). 

The glazed balcony phenomena are the focus of the thesis since it affects the energy bill, 

especially on cooling in the Lebanese context. There is a gap in the literature in the different 

performances of the glazed balconies in different scenarios when the wall separating the 

balcony from the adjacent space is removed. The thesis will focus on the thermal performance 

of both cases: when the wall is not removed and when the wall is removed, in order to examine 

the efficiency and energy consumption of both. 
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2.5 Conclusion 

In this chapter, several studies were acknowledged regarding the thermal performance of 

glazed balconies and several variables affecting it. In the glazed balcony, the types of glazing 

used in a specific context affect the thermal performance of the building. In the Lebanese 

coastal zone, single glazing is not recommended since it has a very high thermal transmittance, 

and thus high cooling demand. Moreover, the thickness of the glazing should not be very thin 

to avoid overheating and direct solar penetration. Nevertheless, before considering the glazing 

type, the position of the glazing (orientation), sizing (wall-to-window ratio), and placement of 

shading should be considered in the early stages. In Lebanon, high window-to-wall ratio 

especially on the western façade causes excessive cooling demand and high-energy bills. 

However, the placement of shading can help decrease this demand in all orientations.  

In conclusion, several measures would have to be considered in order to provide thermal 

comfort in the interior spaces and decrease energy consumed. The literature framed the 

methodology and scope of sampling. The chapters assisted in the choice of variables and 

scenarios to be implemented that has an impact on the glazed balconies and can be applied in 

the specified context. Gaps in the literature were elaborated in order to further focus upon in 

the specified context. It was noticed that the balcony typologies and their effect on the energy 

consumption were not studied in previous research (balcony structures; cantilevered, 2 wall 

structure, and 3 wall structure). The thesis will focus on this gap by addressing the objectives 

of the thesis through case study modeling.  
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3. The Coastal Region: Saida’s Sea Front in South Lebanon  

3.1 Introduction 

This chapter will introduce the selected area of Study. Saida city will be explored in its 

geographic, economic, urban, and population fields, focusing on its sea front area, “Corniche 

El Baher”. Upon setting the sample area, it is hereby essential to analyze its climate due to its 

influence on the performance of buildings within the selected zone. The climate of an area 

directly affects the energy consumed in buildings through the material used in the building 

envelope. Therefore, the building envelope’s existing condition in the selected area will be 

reviewed to build further the model based on its thermal characteristics. Exploring the selected 

area and its buildings will help build an accurate model and obtain factual estimations. 

3.2 Climatic Factors 

Lebanon has four regions based on the temperature and climatic factors. The climatic factors 

are essential when considering energy efficiency since they have direct impact on the thermal 

comfort and energy consumed (UNDP.a, 2005; UNDP.b, 2005). 

The four climatic zones in Lebanon are as follows: The first zone is the Coastal Zone, which 

has less than 1000-degree days (UNDP.a, 2005; UNDP.b, 2005). Zone 2 is the Mid-Mountain 

zone and it has up to 2000-degree days. Zone 3, which is the High-Mountain zone, has more 

than 2000 degree-days. Finally, zone 4 is the Inland zone that has up to 2000-degree days 

(Figure 3.2.1) (UNDP.a, 2005; UNDP.b, 2005; Sabsaby & Omar, 2015). 

 

 

Figure 3.2.1. Climatic Zones of Lebanon, Source:  (Harkous, Fardoun, & Biwole, 2017) 
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The Lebanese Coastal Zone is defined by having an altitude of 0-800m. According to the 

Council for Development and Reconstruction (CDR), the Lebanese coastal zone consists of 

Beirut, first ring, second ring, Jbeil, North, and the South. The first ring represents the area 

between Damour and Khaldeh, and the second ring represents the area between Jounieh, 

Bikfaya, and Broummana (DAR & IAURIF, 2005). 

Beirut, first ring, and second ring consist of economic, cultural, and political centers of 

Lebanon. It is the coastal line where the commercial, financial, transport, industry, tourism, 

government administration, and headquarters of political authorities and diplomatic councils 

are based. Jbeil is known for its various activities, trades, historical, and touristic algorithm. 

On the other hand, agricultural and natural activities take place in the North and part of the 

South (from Saida to Nakkoura), allowing Saida in particular to consist of residential and 

economic coastal line. The coastal line of Saida consists of medium to low wage residential 

buildings ageing from the 70s. This typology is redundant in the Lebanese coast, and thus 

focusing on this area will allow the thesis to represent a greater percentage of existing buildings 

(DAR & IAURIF, 2005). 

Saida, similar to the Lebanese sea fronts, is located in the Lebanese Coastal Zone. The coastal 

zone has a mean annual temperature that varies between 12.50 C° during winter and 26.8 C° 

during summer (Yeretzian, 2006; Shaban & Houhou, 2015). The variation of temperature 

between day and night is mild ranging between 6.80 C° (winter) and 8.20 C° (summer) (CDR, 

2004). The coldest month of the year is January while the hottest month is August (Yeretzian, 

2006; Shaban & Houhou, 2015). 

The relative humidity along the Lebanese Coastal Zone is mainly constant and oscillates 

around 70 percent (CDR, 2004). Similar to the coastal cities of Lebanon, Saida city has a mild 

climate with rainy winters and hot - humid summers. In fact, by analyzing the temperature data 

for all the months in one year, it became evident that although the weather varies, it remains 

characterized by the existence of a short cold season and a relatively lengthy hot season 

(Yeretzian, 2006; Shaban & Houhou, 2015). 

According to UNDP, the seafronts of Lebanon belong to the same climatic region (UNDP.a, 

2005; UNDP.b, 2005). This allow Saida’s seafront to represent seafronts having similar 

building characteristics (UNDP.a, 2005; UNDP.b, 2005). The climatic factor is an essential 

factor to be considered when exploring thermal comfort and energy consumption. The climate 

of an area has direct impact on the building envelope, material used, and thermal transmittance, 

thus energy consumed within the building.  
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3.3 Geographic Location 

Prominent cities such as Jbeil, Beirut, Tripoli and Tyre are located within the Lebanese coast. 

These cities are occupied by 75% of the total country’s population. The coast represents a 

narrow strip that stretches for about 210 km (kilometer) along the Mediterranean Sea with a 

width of 0-210 m (meters) (Figure 3.3.1). Most of the industrial, commercial and financial 

activities in the country are centered along this coast (Shaban & Houhou, 2015; Lavallo, 

Darwich, Telesca, & Shaban, 2013; SDATL, 2005). 

 

Figure 3.3.1. The Coastline of Lebanon, Source: (CDL, 2004) 

The city of Saida is located 40 km to the south of the capital of Lebanon, Beirut. It is accessible 

to Beirut and South region by a highway connecting the regions together. Saida consists of 

three cadastral zones: the historical core, the Dekerman, and the Wastani (CDL, 2004). Due to 

the central location, and ease of connectivity to the neighboring regions of Saida, the city has 

grown rapidly in many terms: economic, demographic, and construction (Nahas & Yahya, 

2001). Along the coastal zone of Saida, directly facing the Mediterranean Sea, “Corniche El 

Baher” represents the main road that connects the city with the south and north region. It also 

crosses the three cadastral zones.  

The thesis will focus on “Corniche El Baher” area that is the sea front of the city. The area 

demonstrates an example for the country’s sea fronts having the same climatic region and 
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similar building characteristics and typologies. The sea fronts in Lebanon ha buildings 

overlooking the west orientation. These buildings have increased ratio of glazing to overlook 

the sea (Figure 3.3.2).  

 

Figure 3.3.2. "Corniche El Baher" Area. Source: (Masri, 2018) 

“Corniche El Baher” area consists of contemporary and old buildings having commercial 

services on the ground floors. Some buildings date back to 1970s. Figure 3.3.3, Figure 3.3.4, 

and Figure 3.3.5 represent some of the buildings observed that are located on the “Corniche El 

Baher” area during the observation. It is noted that glazing in these residential buildings along 

the sea front is intensely observed according to Figure 3.3.3, Figure 3.3.4, and Figure 3.3.5. 

 

 

 

Figure 3.3.3. " Corniche El Baher" area. Source: Author 

Corniche El Baher 
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Figure 3.3.4. Glazed second and third floor in "Corniche El Baher" area. Source: Author 

 

Figure 3.3.5. Glazed third floor in "Corniche El Baher" area. Source: Author 

The empirical data collected in “Corniche El Baher” will allow identification of the existing 

glazed balconies in the area for further analysis and case study modeling. 

3.4 Economic, Urban, and Population Growth 

Saida has been currently witnessing several economic, urban, and population growths. Since 

the area is located on a main transit axis that connects the South region with Beirut, the city 

witnessed several demographic modifications. The economic growth that the area witnessed 

affected the urban and population density (Faour & Mhawej, Mapping Urban Transitions in 

the Greater Beirut Area Using, 2014).  
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Saida has been regarded as an economical center of the South region due to its developed 

commercial status by having several trades and businesses. Moreover, the historical and 

touristic sites located by the sea boosted the city’s economy (SDATL, 2005).  

The economic, touristic, and geographic location of the city affected the urban and population 

growth. The ease of accessibility to the South and the capital, and the affordable pricing of 

apartments, led to the increase in the construction industry. Since the 1980s, the residential 

building sector affected the loss of 50% of agricultural areas and led to the expansion of the 

city to the Awali River- north of the city. This expansion was due to the residential boom after 

the Israeli withdrawal in 2002 (SDATL, 2005; Asmar & Taki, 2014; Masri, 2018). 

The urban growth was accompanied by population growth.  

The coastal zone is occupied by 75% of the Lebanese total population distributed between 

Beirut, Tripoli, and Saida (Asmar & Taki, 2014). Saida is within the South and Nabatiyeh 

region where it is estimated to witness a population growth increase of 37.93% by 2030 

(SDATL, 2005) (Figure 3.4.1). According to Figure 3.4.2, Saida is estimated to reach 100,611 

population in 2040. 

 

Figure 3.4.1. Estimated Population Growth. Source: (SDATL, 2005)` 

 

Figure 3.4.2. Estimated population growth for the city of Saida. Source: (CDR, 2004) 

The economic, urban, and population growth are factors that affected the dynamicity of the 

“Corniche El Baher” area especially that it represents the sea front of the city. 

These factors are also affected by the climate of the context. The climate of the coast allowed 

the city to be occupied and visited in all seasons thus allowing it to prosper.  
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3.5 Building Envelope’s Condition in Saida 

The city’s climate -among Lebanese coastal cities- favors implementing energy efficient 

strategies to allow reduce energy consumed on cooling.  However, the current condition of the 

residential building envelope in the city lack application of sustainable strategies and does not 

benefit from the favorable climate of the city. The building envelope’s insulation- if found- is 

limited to the roof. In addition, the building envelope’s tightness does not provide protection 

against external agents such as rain and wind. There is water migration inside the walls by 

capillarity, uncoated facades, and abundance of shading systems and glare protection. 

Moreover, windows are not properly oriented; their orientation is to the west to overlook the 

sea. They often lack airtightness and water tightness, hence infiltrations of outside air that 

causes thermal losses, air draughts, and entrance of external dust and noise. Finally, the 

building envelopes are often unfit to adapt with the local climate in terms of: orientation, 

standardized construction, and use of materials in spite of the Lebanese climatic zones (Chedid 

& Ghajar, 2004; Chedid, Chaaban, & Salameh, 2001; Mattar, Chehab, Chaaban, Ghaddar, & 

Chedid, 2001). This results in the use of HVAC equipment- split units are used in the residential 

units to provide cooling and heating to compensate the discomfort (Assaad, Habchi, Ghali, & 

Ghaddar, 2018). 

 

Figure 3.5.1. Thermal Characteristics of Building Envelopes in Lebanon, Source: (Tibi, 

Ghaddar, & Ghali, 2012) 

Figure 3.5.1 represents the thermal characteristics often used in the buildings. According to 

Figure 3.5.1, the thermal value of the materials of the building envelope allow high thermal 

transmittance, thus the building envelope and glazing type used does not provide thermal 
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comfort. Based on the energy simulation studies, the cooling load is higher than the heating 

load in Lebanon (Samarji, Jouni, & Karaki, 2012).  

In addition, the construction of small, affordable apartments and the leisure to overlook the sea 

on the west orientation, lead contractors to use balconies as interior spaces and glaze them, 

unaware of the effect of glazed balconies and glazing on the comfort of the spaces. This is also 

related to the building rules and regulations and percentage fo exploitation of the building.The 

mentioned factors affect the indoor comfort of the occupants and thermal comfort in relation 

to the context of Saida.  

The building envelope is the major factor that affects the energy usage in buildings- having the 

direct impact on the environment. The thermal characteristics of the materials chosen should 

be considered to avoid high-energy bills and thermal discomfort inside the spaces.  

3.6 Conclusion 

The data collected in “Corniche El Baher” area will help continue the empirical work. The 

characteristics of the study area will be noted and inserted in the modeled case study. Upon in-

depth study on the focus area, the data collected will allow accuracy in results in the case study 

in the following implemented methodology. The gathered data will allow accurate assessment 

on the glazed and adjacent spaces in the seafront case. 

4. Methodology 

4.1 Introduction 

This chapter acknowledges the methodologies used in previous studies to frame the 

methodology of the thesis and build upon it. The following sections will explore several 

methods used by researchers implemented on similar subjects to further inspire and decide on 

methods to implement in the thesis. The choice will be in accordance to several limitations, 

such as time, season, and other factors to be discussed.  

The sections will help indicate the strengths and weakness of each method used for the 

detection and identification of a phenomena and trend (glazed balconies and balcony 

typologies) in a specified area by using site observational methodology. Moreover, building 

modeling and energy simulation method will be presented for estimating the energy consumed 

in the glazed balconies. The introduced methods will target the aim of the thesis and shed light 

on the limitations and accuracy of the methods used in previous studies in order to allow data 

collection.  
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4.2 Site Observation and Note Taking 

This section presents the site observation and note taking method by acknowledging previous 

studies that implemented this method. The method will allow identifying and detecting the 

balcony typologies existing in “Corniche El Baher” area.  

Detection methods for a building characteristic or a site differ from one case to another 

depending on the focus of the selected and addressed subject. Site selection for locating and 

positioning a specific project, requires the use of specific tools, such as the Geographic 

Information System (GIS). The GIS is a tool that allows landscape modelling and three-

dimensional analysis of sites in order to choose the suitable one (Hemandez, 2014; Aydin, 

2013). However, the selection of a site in an identified area to detect a specific building 

characteristics requires a different tool. Observational methodology and note taking is a method 

that researchers implement when detecting and identifying phenomena in a specified area 

(Nicholls, Quach, Von Elm, Asgtrid, & David, 2015).  

Observational methodology is a scientific data collection method of qualitative nature 

(depending on the focus of observation). It is considered one of the most fundamental methods 

whether an observation of physical static movement, or a social and behavioral phenomenon 

(Ponterotto, 2006). The method can be used in several aspects: participant observation, 

fieldwork, field research, and ethnography (Gibbs, Kealy, Willis, & Green, 2007). The method 

requires the qualitative observer to use all his senses to evaluate and record the observations 

noted. It is a simple and common method for data collection, that does not require technical 

knowledge (Marshall, Cardon, Poddar, & R, 2013). 

The site observation and note taking methodology is useful for framing hypothesis by 

observing a phenomenon or act continuously. It is considered an accurate method, since the 

participant can immediately observe the accuracy of detection rather than in other methods that 

requires analyzing the data such as interviews or questionnaires (Jamshed, 2014). 

However, this method has several limitations to be considered. If an observer is detecting a 

current occurrence, the occurrence may not be open to the observer neither can happen when 

the observer is at hand (Aagaard & Matthiesen, 2016). In the architecture field, researchers use 

this method in order to record and locate a specific phenomenon in buildings, site selection, or 

to analyze and record physical damage of a building (Lis & Sekret, 2016).  

The observation and note taking method will be used to detect the balcony typologies found in 

“Corniche El baher” area to be further studied. The method will allow indicating the existence 

of balcony enclosure phenomena in “Corniche El Baher” area and identifying the different 
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balcony typologies found. The phenomena to be observed is of physical and static phenomena, 

that does not require the occurrence of a certain act. Therefore, the balcony typologies to be 

observed does not depend on the reliability and conception of a specific understanding neither 

the observer can be bias in such case (Jain, et al., 2015; Urquhart, 2015). Accordingly, the 

limitations of this method do not affect the field observation to be done. Observing and 

identifying the existence of the phenomena and existing balcony structures, allows the data 

collection and case study modeling. 

4.3 Building Modeling and Energy Simulation 

Several tools and methods can be used to estimate the energy consumed in a building, where 

each has its limitations and concerns. Measuring the energy consumed can be obtained by using 

both manual recording and simulation software for calibration, or by using energy simulation 

software only.  

Energy simulation software are reliable programs that allow to design, analyze, and estimate 

the energy consumed in models in a specified location, orientation, and climate (Fasi & 

Budaiwi, 2015). Several effective energy simulation software are currently used by researchers 

such as; Design Builder, DOE-2, Ecotect, Energy Plus, Green Building Studio, Insight 360, 

and many more, where the simulations recorded successful energy calculation assumptions 

(Fasi & Budaiwi, 2015; Azmy & Elghamry, 2018; Makitalo, Hilliaho, & Lahdensivu, 2015). 

The Energy Plus and Green Building Studio are software used to estimate and quantify energy 

used for heating, cooling, and other HVAC electric usages in buildings. Scholars were able to 

prove the credibility and accuracy of the software due to its reliability of its results compared 

to ASHRAE 1052-RP Toolkit (Andelkovic, Mujan, & Dakic, 2016).  

In order to simulate the model and develop energy results using the simulation software, several 

steps must be followed. First, the model must be designed in an architectural drawing aided 

software such as AutoCAD or Revit. Revit and AutoCAD are different software that have 

different compatibilities and capacities. Both software can acquire architectural drawings, but 

Revit can perform energy analysis through plugins. Since Green Building Studio, Insight 360, 

and Energy Plus are plug in software in Revit, the use of Revit for modeling will be compatible 

for further energy analysis. Moreover, Revit is an architectural drawing tool that is familiar to 

architects and designers in order to use energy plugins for energy simulations. 

Several similar researches aiming to estimate energy consumed on cooling in a specific space 

used the mentioned energy software for calibration, but firstly the models where designed on 

Revit (Figure 4.3.1). Figure 4.3.1 is an example of a building designed on Revit in order to 
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further simulate the building by using energy plugins of Revit (Azmy & Elghamry, 2018; Kim, 

Zadeh, Staub, Forese, & Cavka, 2016; Goia, 2016). 

 

Figure 4.3.1.Case study designed on Revit to allow energy estimations. Source: (Saleh, 2015) 

In order to get accurate results, the identification of the location must be inserted in the software 

used. Moreover, data has to be collected concerning the materials’ used in the specified location 

in order to insert their properties and characteristics (Figure 4.3.2) such as: the thermal 

properties of glazing, plaster, hollow block, slabs, roofs, the existence of any insulating 

material, and window to wall ratio. Moreover, the glazing used in the area has to be specified, 

whether single, double, tinted, or low-e through data collection (Fasi & Budaiwi, 2015; Azmy 

& Elghamry, 2018; Makitalo, Hilliaho, & Lahdensivu, 2015). 

 

 

Figure 4.3.2.Thermal Characteristic of Envelope Component, Source: (Tibi, Ghaddar, & 

Ghali, 2012) 

After the insertion of all the material characteristics in the software, an estimate range of 

internal loads and appliances are counted in. Identifying the occupied hours in the building 

allows estimating the operation hours of the HVAC systems used (Figure 4.3.3). The occupied 
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hours allow to identify whenever the spaces are heated or cooled in the specified season (Tibi, 

Ghaddar, & Ghali, 2012; Yassine B. , Ghali, Ghaddar, Srour, & Chehab, 2012). 

 

Figure 4.3.3. Mechanical System Operation, Source: (Tibi, Ghaddar, & Ghali, 2012) 

Before starting the energy simulation, the weather station has to be identified along with 

the location for further accuracy of results (Figure 4.3.4). 

 

Figure 4.3.4. Weather Station and Location. Source: Author 

Finally, the model can be generated and analyzed. The simulation of the base model can show 

recordings for annual energy consumed, whether for heating and cooling loads, or other 

specified HVAC system used (Figure 4.3.5). The recordings can be obtained by using Revit 

plugins; Energy Plus, Green Building Studio, and Insight 360 (Fasi & Budaiwi, 2015; Azmy 

& Elghamry, 2018; Makitalo, Hilliaho, & Lahdensivu, 2015). 
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Figure 4.3.5. Energy Consumption Comparative analysis result. Source: (Tibi, Ghaddar, & 

Ghali, 2012) 

Whereas, using both methods for energy estimation: manual recordings, and simulation 

software, requires specifying an existing building in a specified area in which the data 

collection will undergo. The identified building must include all the variables and scenarios the 

researcher focuses on. Moreover, the climate and season must be specified, whether throughout 

the year, month, season, or day. Upon the chosen period, the space of focus is manually 

monitored. The temperature, humidity, wind velocity are recorded through several site visits. 

The recordings are then inserted in a simulation software to be calibrated in which results will 

be included (Figure 4.3.6) (Fasi & Budaiwi, 2015; Makitalo, Hilliaho, & Lahdensivu, 2015; 

Saleh, 2015). 

 

Figure 4.3.6.Results of Base Model Simulation, Source: (Saleh, 2015) 
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Both methods can be applied and give relatively similar results, but each method has a 

limitation. Using manual recording then energy simulation software can be time consuming 

and confined in a certain period, season, or climate. Since the thesis is concerned with the 

cooling load in the summer season –since most of the energy consumed in Lebanon is on 

cooling- therefore, I cannot manually record the findings in a specified building due to time 

limitation (Haase & Amato , 2006; Al-Hosany & Khalifah, 2002; Azmy & Elghamry, 2018). 

Moreover, the thesis will focus on several scenarios of balcony enclosure and balcony 

typologies where the scenarios will be compared and analyzed; this will make it difficult to 

specify an existing building that includes all the variables identified.  

Using the building simulation software in the thesis will be an applicable and suitable tool for 

energy consumption estimation that allows the flexibility of identifying the season, location, 

and several scenarios to be simulated and analyzed.  

4.4 Conclusion 

The acknowledged methodologies inspired further thesis work and data collection and framed 

the methodology to be implemented. By following the site observation and note taking method, 

the detection of the balcony structures and balcony enclosure in “Corniche El Baher” area can 

be obtained. The observation method will allow developing models that include the different 

building characteristics observed. In addition, using the energy simulation software compatible 

with Revit will allow the energy estimation, and thus the objectives of the thesis can be 

answered and analyzed.  
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5. The Model 

5.1 Introduction 

This chapter presents the methodologies implemented to obtain the results required. The 

chapter introduces the procedure and preliminary outcome of each method used, emphasizing 

on the limitations that affected the research and field experience that influenced the work. The 

first section presents the site observation and note-taking method undertook in order to identify 

the balcony typologies found in “Corniche El Baher” area and allocate the existence of balcony 

enclosure which allows the development of different models. The second section thoroughly 

describes the steps, tools, and methods used to estimate the energy consumed in the developed 

models. The simulation presented in this chapter is a representative and repetitive model to all 

balcony typology models and scenarios. The detailed procedure done on each model and 

scenario studied will be referred to in the appendix to avoid repetition in the chapter.  

5.2 Balcony Type Selection  

Following the research done on glazed balconies and their effect on energy consumption, a gap 

in the literature is found. The balcony type and structure are not studied in accordance to 

thermal performance, therefore the performance of different balcony typologies cannot be 

indicated and thus has to be simulated. In order to simulate balcony typologies, the balcony 

structures found in the area must be identified. To identify the balcony types in “Corniche El 

Baher” area, site observation and note taking methodology shall be held. 

There are three different balcony typologies to observe and identify in Saida; balcony 

surrounded by 1 wall (cantilevered), balcony surrounded by 2 walls, and balcony surrounded 

by 3 walls (loggia) having an average area of 10 m2 (Figure 5.2.1, Figure 5.2.2, and Figure 

5.2.3 respectively).  

 

Figure 5.2.1. Presentation of 

balcony surrounded by 2 

walls. Source: Author 

 

Figure 5.2.2. Presentation of 

balcony surrounded by 1 

wall. Source: Author 

 

Figure 5.2.3. Presentation of 

balcony surrounded by 3 

walls. Source: Author 
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The site observation method allows locating and identifying which of the balcony structures is 

found in “Corniche El Baher” area. The site observation starts from “Sidon Sea Castle” to 

“Saida Football Stadium”, disregarding the historical core from the observation according to 

the lack of the phenomenon in the historical buildings (Figure 5.2.4). Figure 5.2.4 highlights 

the track where the fieldwork takes place. 

 

Figure 5.2.4. Observational path in “Corniche El Baher”.  Source: Google map; November 5, 

2020 

The site observation occurred on Wednesday, October 30, 2019 at 12.30pm, for a duration of 

approximately 4 hours, by car and foot. Several stops and pictures are taken when balcony 

enclosure is observed.  

During the site observation, the abundance of the glazed balconies phenomena is significantly 

observed in every building overlooking the west orientation in the area. The three different 

balcony typologies are observed along “Corniche El Baher” area (Figure 5.2.5, Figure 5.2.6, 

Figure 5.2.7, Figure 5.2.8, Figure 5.2.9, Figure 5.2.10, Figure 5.2.11, Figure 5.2.12, Figure 

5.2.13, and Figure 5.2.14). The figures below are taken during the observation. Each figure 

indicates the detection of a different balcony typology: surrounded by 1 wall, 2 walls, and 3 

walls, and glazed balcony phenomena in the area. Moreover, the figures indicate the chaos and 

inconsistency of the glazing trend in the same building: balconies are not glazed in all floors, 

rather by the choice of the user.  
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Figure 5.2.5.Balcony observed surrounded 

by 1 wall, Source: Author 

 

Figure 5.2.6. Balconies observed surrounded 

by 1 wall and 2 walls, Source: Author 

 

Figure 5.2.7. Balconies observed 

surrounded by 1 wall and 3 walls , Source: 

Author 

 

Figure 5.2.8.Balcony observed surrounded 

by 1 wall, Source: Author 

 

Figure 5.2.9. Balcony observed surrounded 

by 2 walls, Source: Author 

 

Figure 5.2.10. Balconies observed 

surrounded by 3 walls and 2 walls, Source: 

Author 
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Figure 5.2.11.Balconies observed 

surrounded by 2 walls, Source: Author 

 

Figure 5.2.12. Balconies observed 

surrounded by 2 walls, Source: Author 

 

Figure 5.2.13. Balconies observed 

surrounded by 2 walls and 3 walls, Source: 

Author 

 

Figure 5.2.14. Balconies observed 

surrounded by 2 walls and 3 walls, Source: 

Author 

 

Following the observation and allocation of the three balcony types and existence of balcony 

enclosure in “Corniche El Baher” area, the case study can be developed and simulated 

including all three scenarios observed. 

5.3 Model Simulation 

In this section, the three models are designed, according to the data collected from the 

observation done on the balcony typologies found in “Corniche El Baher” area. In addition, 

the data collected on the building envelope and material characteristics are inserted in the 

simulation. The building modeling and energy simulation software used is presented to allow 

the extraction of accurate energy estimations. The three balcony types found in the area are 

described and summarized in a table where each model is referred to in the Appendix. 
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 Each model presents a balcony type undergoes three scenarios; each scenario represents a 

variable in the glazed balcony: when the balcony is not glazed, when the balcony is glazed, and 

when the balcony is glazed and the wall separating the balcony from the adjacent space is 

removed. The detailed simulation description for each model and scenario is referred to in the 

appendix. Outcomes of the models and scenarios are presented in a table form in order to 

analyze the recorded data in the analysis chapter. 

In “Corniche El Baher” area, the buildings have their main elevation orientated towards the 

west, overlooking the pleasant view of the sea and date back to the 70s. Accordingly, most of 

the buildings are horizontally placed along the seafront having a glazed western façade.  

A similar building typology is modeled on Revit (2020). A typical plan is designed, having 

balconies and main façade overlooking the west orientation.  

Revit 2020 is used to design three models- representing the three different balcony types- 

Energy Plus is an energy engine of Revit that is used to create energy models, and export 

heating and cooling reports for each space (room) of the model. Insight360 and Green Building 

Studio (GBS) are also Autodesk software and plugins on Revit, where the model designed on 

Revit is energy analyzed on both Insight 360 and GBS that will allow estimating the cooling 

loads per month on the total model. 

Several parameters are considered when designing the models that affect the energy consumed 

according to the literature review. The orientation is the first parameter. Since the focus of the 

thesis is the glazed balconies overlooking the west orientation, the typical plan have balconies 

overlooking the west. Nevertheless, since the placement of balconies might be in the corners 

of the building (depending on the balcony type) then, north-west and south-west orientations 

also have to be considered. 

Moreover, the thermal properties of the materials inserted in the model are similar to the 

properties of materials used in the area (the properties that are usually used on the coast of 

Lebanon) (Figure 5.3.1): reinforced concrete roofs and slabs, walls consisting of plaster and 

hollow blocks, and aluminum single pane glazing  (Azmy & Elghamry, 2018; Annan, Ghaddar, 

& Ghali, 2014; Assaad, Habchi, Ghali, & Ghaddar, 2018). All the materials mentioned have 

relatively high U-value (Figure 5.3.1) (Azmy & Elghamry, 2018; Annan, Ghaddar, & Ghali, 

2014; Assaad, Habchi, Ghali, & Ghaddar, 2018). 
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Figure 5.3.1. Thermal properties of materials used, Source: (Saleh, 2015) 

The glazing type used in the buildings –and inserted in the model- is the single glazing (6mm 

single pane) that has a low cost and a very high U-value (U= 5.88 W/m2k). Moreover, the 

occupation of the residential units is also identified to give further accuracy of the operable 

HVAC systems (Figure 5.3.2).  

 

Figure 5.3.2. Home occupancy; Source: Author 

The location is identified: “Corniche El Baher” area, and the weather station is chosen. 

According to Figure 5.3.3, when indicating the location (“Corniche El Baher” area), two 

weather stations are observed, one near Joun area, and one in Jiyeh area. However, knowing 

that Jiyeh is located along the coast similarly to Saida city and 17km to the North of Saida, 

therefore Jiyeh weather station was chosen. Joun is relatively higher in altitude than Saida, and 

therefore using the weather station will not give accurate results (Figure 5.3.3). 
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Figure 5.3.3. Location and weather station, Source: Insight360 

Moreover, to analyze the plan through the energy plugins mentioned, room tags are added, and 

spaces are identified. For accuracy of estimations, each space (room) of the plan is identified 

by specifying the building type and occupation of each (balcony, bathroom, bedroom, kitchen, 

etc…).  

Following the completion of the modeling and insertion of all characteristics, the model is 

energy simulated. The energy model is created, generated, and optimized, in Revit, where the 

analysis is available in Insight 360 and GBS. The report for heating and cooling generated by 

Energy Plus plugin in Revit is exported, where the cooling demand for each space in the model 

is specified. By generating the energy model, energy analysis of the model is viewed and 

extracted by visiting Insight 360 website and GBS website. Insight 360 and GBS shows 

detailed energy analysis on the model and is easily extracted. GBS allows extracting cooling 

demand for each month of the year, as previously justified, the thesis will focus on the cooling 

demand in the summer months. The cooling demand is recorded for the balcony the space 

adjacent to the balcony, in order to record the impact of glazing on the balcony and adjacent 

spaces. The parameters will result in having 3 models with 3 scenarios each, which are analyzed 

and assessed. The outcomes are extracted from the energy software and inserted in Excel to 

create tables and charts for the ease of analyzing and presenting the data. 

Table 5.3.1 presents the plan of each model and scenario designed, indicating the monthly 

cooling, and heating demand (KWh) in the glazed and adjacent spaces (living) in the summer 

months. These demands are allocated to the south-west orientation, since the south-west and 

north-west shows similar results having south-west slightly higher. The results of the north-

west orientation of each model is found in the relevant appendix for each case. The following 

table summarizes the outcomes induced. 
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The table refers to the codes representing each model for further usage (symbol). Moreover, 

further details are found in the appendix referred to each model.  

 

 

GLAZED 1819 949

ADJACEN

T
2026 696

GLAZED

ADJACENT 2070 701

GLAZED 1823 922

ADJACENT 2006 683

SYMBOLPLAN
COOLIN

G (Kwh)

HEATIN

G (Kwh)

SURROUN

DED BY 1 

WALL -

B1W

BALCONY 

STRUCTUR

E

B1W-

100

B1W-

200

B1W-

300

NAME

Glazed -

100

BALCON

Y-200

Glazed 

Without 

Wall-300

APPENDICE

Appendix A 

Appendix 

B 

Appendix 

C 
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GLAZED 1340 755

ADJACENT 1432 513

GLAZED

ADJACENT 1429 519

GLAZED 1469 760

ADJACENT 776 272

SURROUN

DED BY 2 

WALLS- 

B2W

B2W-

100

B2W-

200

B2W-

300

Glazed -

100

BALCON

Y-200

Glazed 

Without 

Wall-300

Appendix 

C 

Appendix 

E 

Appendix 

D 

Appendix 

I 
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Table 5.3.1. Heating and cooling demand for the glazed and adjacent spaces in the models per 

peak month, Source: Author 

The outcomes mentioned in the table; monthly heating and cooling demand (KWh) in glazed 

balconies and adjacent spaces are further discussed in the following chapter.  

In addition, GBS allows to modify certain parameters in the model and compare the cost and 

energy consumed between the base run (result of the model) and an alternative run (results of 

the model with modified parameters).According to the results obtained from Insight360 , 

parameters such as window-wall-ratio, orientation of glazing, glazing type, and shading (that 

shows influence on the energy consumed according to the literature) are modified in GBS 

inorder to simultaneously identify the impact of each on the energy consumed. 

The performance of both: the base and alternative models are compared and adjusted to obtain 

an efficient performance. Table 5.3.2 indicates the models’ annual cost and energy 

consumption (Kwh) for the scenarios 100 and 300: when the balcony is glazed, and when the 

balcony is glazed and interior wall is removed . The table indicates the annual energy 

consumption and cost when adjustments on glazing type, shading , orientation, and window-

GLAZED 1084 436

ADJACENT 767 198

GLAZED

ADJACENT 2065 857

GLAZED 895 356

ADJACENT 846 229

Glazed 

Without 

Wall-300

SURROUN

DED BY 3 

WALLS- 

B3W

B3W-

100

B3W-

200

B3W-

300

Glazed -

100

BALCON

Y-200

Appendix 

G 

Appendix 

F 

Appendix C 

Appendix 

H 
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to- wall ratio are obtained. The parameters modified include reducing the window-to-wall ratio 

to 30%, rotating the building and balconies to the north orientation, replacing the 6mm single 

pane glazing with low-e double glazing, and placing shading on 2/3 of the windows. The results 

recorded in Table 5.3.2 are extracted from GBS to the scenarios when the balcony is glazed 

(100), and when the balcony is glazed in the interior wall is removed (300), disregarding the 

scenario of the unglazed balcony.  

MO

DEL 
  

BASE RUN WWR ORIENTATION GLAZING SHADING APPEN

DICE COST KWH COST KWH COST KWH COST KWH COST KWH 

B1W 

100 
 

$4,352  
38293 

 $ 

4,257  
37857 

 $ 

4,170  
36777 

 $ 

4,232  
37774 

 

$3,963  
34726 

Append

ix B 

300 
 

$4,451  
40064 

 $ 

4,335  
39312 

 $ 

4,319  
38955 

 $ 

4,336  
39682 

 

$4,044  
36316 

Append

ix C  

B2W 

100 
 

$4,321  
42084 

 $ 

4,772  
46416 

 $ 

4,096  
40166 

 $ 

4,165  
41042 

 

$3,978  
38948 

 Appen

dix E 

300 
 

$4,303  
42716 

 $ 

4,345  
43270 

 $ 

4,135  
40949 

 $ 

4,146  
41683 

 

$3,980  
39659 

Append

ix I  

B3W 

100 
 

$4,576  
43564 

 $ 

4,562  
44073 

 $ 

4,224  
40616 

 $ 

4,600  
44242 

 

$4,232  
40412 

Append

ix G  

300 
 

$4,461  
43169 

 $ 

4,405  
42584 

 $ 

4,209  
40975 

 $ 

4,329  
42250 

 

$4,126  
39959 

Append

ix H  

Table 5.3.2. Annual energy consumption and energy cost of the base run and alternative runs, 

Source: Author 

The methodology presented is repeated similarly for all the models and scenarios simulated, 

where it is referred to in the appendix. The outcomes recorded allow assess the performance of 

glazed balconies and adjacent spaces. According to the previous studies, the methods 

implemented for the energy simulations ensures accurate estimations for the energy consumed, 

thus able to answer the aim of the thesis. 

5.4 Conclusion 

The methodologies implemented allows framing the case study in “Corniche El Baher” area. 

The observation done on the selected area, allows data collection on the focus area and 

identification of balcony types and balcony enclosures found. The energy modeling and 

simulation attains outcomes that are further inserted into Excel to create tables and charts for 

analysis. The results of the models assess the impact of the glazed balcony on the cooling 

demand in the space that is analyzed.  
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6. Analysis  

6.1 Introduction 

This chapter analyses the recorded data from the building modeling and energy 

simulations done on the observed types of balconies in “Corniche El Baher” area in Saida. 

The sample balconies simulated each have an average area of 10 m2. In this chapter, the 

gathered data was divided according to the scenarios of the balcony types; balcony, glazed 

balcony, glazed balcony with wall removal. Each scenario will be analyzed in each 

balcony type, where the scenarios will be compared among each balcony type. The first 

section will describe, analyze, and compare the recorded data on the balcony scenario in 

the three different balcony types; surrounded by 1 wall, 2 walls, and 3 walls. The second 

section will further focus on the scenario when the balcony is glazed in each balcony type. 

The following section will analyze the scenario when the balcony is glazed and the wall 

separating the interior from the balcony is removed. Each scenario will undergo 

adjustments in several parameters to reduce the impact of glazing on the cooling demand. 

The scenarios of the different models will be further analyzed, discussed, and compared 

focusing on the energy usage and the effect of the glazed balcony on the adjacent space 

and glazed space. Noting that the cooling and heating demand recorded from the 

simulations is the result of the HVAC equipment used in the residential units which is the 

heat pump (mini split wall-deco unit) with alternator compressor. 

The recordings are summarized and presented in tables, charts, and figures, where the 

results are referred to in the related or appendices. 

6.2 Balcony Models Simulation Analysis 

This section analyzes and compares the recordings of space cooling and energy usage in each 

balcony type: B1W, B2W, and B3W. The scenarios include unglazed balconies analysis (B1W-

200, B2W-200, and B3W-200), to allow comparing the adjacent spaces of the glazed scenarios 

to the balcony scenarios. Therefore, the focus will be on the impact of balcony types on the 

cooling demand- since there is no glazing on the balconies. It is essential to focus on the impact 

of balcony type on the cooling demand. However, there is a gap in the literature review on the 

impact of different types of balconies on the energy consumption (2.4.2).  

Chart 6.2.1, Chart 6.2.2, and Chart 6.2.3 indicate the annual energy usage in each month in the 

three models located in “Corniche El Baher” area; B1W-200, B2W-200, and B3W-200. The 

simulations were exported from GBS and arranged in Excel in order to obtain and compare the 

charts.  
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According to the charts below, all models showed highest energy usage in the summer months: 

June, July, and August, exceeding other months’ energy usage.  

 

Chart 6.2.1.Energy usage per month in 

model having balcony surrounded by 1 

wall mode (KWh), Source: Author  

 

Chart 6.2.2.Energy usage per month in model 

having balcony surrounded by 2 walls model 

(KWh),  Source: Author 

 

Chart 6.2.3.Energy usage per month in 

model having balcony surrounded by 3 

walls model (KWh),  Source: Author 

 

Among the total energy usage in the summer months indicated in the previous charts, most of 

this energy is used on space cooling (Chart 6.2.4, Chart 6.2.5, and  

Chart 6.2.6 ).  

Chart 6.2.4, Chart 6.2.5, and  

Chart 6.2.6 indicate the percentage of the annual electric energy use in the three models of the 

three balcony structures, B1W, B2W, and B3W respectively.  

All models showed high percentage of usage of space cooling compared to other electric uses. 

The space cooling in the simulated models recorded up-to 30% of the total energy consumed 

that is the highest electric energy used amongst all. 
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Chart 6.2.4.Energy usage per 

equipment in  model having 

balcony surrounded by 1 

wall, Source: Author, GBS  

 

Chart 6.2.5. Energy usage per 

equipment in  model having  

balcony surrounded by 2 

walls, Source: Author, GBS  

 

Chart 6.2.6.Energy usage per 

equipment in model having 

balcony surrounded by 3 

walls, Source: Author, GBS  

 

The gathered data corroborates with the literature review which states that in Lebanon, energy 

used for space cooling dominates other uses, especially during the summer months, where 

cooling consumes up-to 36% of the total energy in Lebanon (Haase & Amato , 2006; Al-

Hosany & Khalifah, 2002; Azmy & Elghamry, 2018) 

This indicates that most of the residential buildings in Lebanon are not built upon the climate 

of the context, since Lebanon belongs to zone 2A; hot humid climatic zone (ASHRAE, 2004). 

The climatic zone ensures relatively hot climate, thus requires efficient building material and 

design to reduce the cooling demand. Accordingly, architects, and contractors should design 

and choose material based on the climate of the context in order to control energy consumption. 

Based on Chart 6.2.4, Chart 6.2.5, and  

Chart 6.2.6, thebalcony surrounded by 1 wall structure shows the highest percentage of space 

cooling compared to other models. Whereas, the balcony surrounded by 2 walls, and 3 walls 

structure have similar space cooling percentages.  

This result is affected by several variables. Firstly, since the most prominent difference in the 

three models is the balcony structure, then the balcony type is an important factor that affects 

energy consumption.  

The exposure of the envelope to the environment and the different shading offered by the 

balcony in the different balcony types is different. The balcony surrounded by 1 wall has the 

highest space cooling demand (31%), since balcony surrounded by 1 wall has the highest 
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interaction and exposure with the environment compared to other balcony types and provides 

the least shading to the adjacent spaces. This can also be explained by the slight difference 

(0.6%) between the percentages of space cooling between the balconies surrounded by 2 walls 

(26.7%), which is slightly higher than the balcony surrounded by 3 walls (26.1%).  

The higher the building envelope exposure to the outdoor environment, the lower the thermal 

comfort inside the spaces, the highest the energy consumed; and specifically, cooling demand, 

and vice versa. This is based on several parameters; U-value of material used, orientation of 

building and material, and other climatic aspects.  

On the other hand, according to Chart 6.2.4, Chart 6.2.5, and  

Chart 6.2.6 the energy used on heating in the models is minimal. The highest heating demand 

recorded is 0.9%, which is relatively a very low demand compared to other electric equipment 

used (Chart 6.2.4, Chart 6.2.5, and  

Chart 6.2.6). 

This result confirms the observation that buildings in the area are suitable for winter months 

rather than summer months, although it is a hot-humid area and should be the opposite.  

 

Moreover, the energy used on space cooling in the models differed in each month depending 

on the temperature of the location. Chart 6.2.7, Chart 6.2.8, and Chart 6.2.9 indicate the annual 

space cooling in each month in the three models; B1W, B2W, and B3W respectively (KWh).  

 According to the simulations done, months June, July, and August recorded the highest space 

cooling demand (Chart 6.2.7, Chart 6.2.8, and Chart 6.2.9), having the month August record 

the highest energy usage on cooling. 

Similar to the previous energy simulations, the balcony surrounded by 1 wall exceeded the 

models for energy consumed on cooling in August: 1483.9 KWh per 10m2, which is the 

balcony area, and 148.39KWh per m2 (Table 6.2.1).  
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Table 6.2.1.Cooling loads in months June, July, and August for the 3 simulated models; 

balcony surrounded by 1 wall, 2 walls, and 3 walls, Source: Author 

The cooling demand is increased according to the temperature of the context in those months 

(Saida; Corniche El-Baher) (Figure 6.2.1). Figure 6.2.1 represents the annual temperature (C) 

in “Corniche El Baher” area in each month. 

 

Chart 6.2.7.Energy used on cooling per 

month in balcony surrounded by 1 wall 

model (KWh) , Source: Author, GBS 

Simulation 

 

Chart 6.2.8.Energy used on cooling per 

month in balcony surrounded by 2 walls 

model (KWh), Source: Author, GBS 

Simulation 

 

Chart 6.2.9.Energy used on cooling per 

month in balcony surrounded by 3 walls 

model (KWh), Source: Author, GBS 

Simulation 
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Figure 6.2.1. Monthly Temperature in Saida; 

Coastal Zone, Source: Author, GBS Simulation 

 

As the temperature increases, the space cooling demand increases. The increase in operating 

space cooling is to obtain indoor thermal comfort, and compensate the heat exchange through 

the building envelope, especially through glazing. Figure 6.2.1 indicates the monthly 

temperature in “Corniche el Baher” area having August the highest temperature. In the summer 

months, the coastal zone of Lebanon, seafront of Saida, the temperature reaches a maximum 

of 32°c and a minimum of 21°c (Figure 6.2.1). The summer months in Saida are accompanied 

by high direct, diffused, and global solar radiation (Chart 6.2.10, Chart 6.2.11, and Chart 

6.2.12) that results in overheating. This explains the high cooling demand in the models 

especially that the models (balconies) are placed horizontally facing the western elevation and 

overlooking the sea. The western elevation have the highest solar radiation amongst all in 

Lebanon (Ge, McClung, & Zhang, 2013; Azmy & Elghamry, 2018). The spaces overlooking 

the west orientation will result in high operational usages in the summer months, especially if 

not shaded. 

The high solar radiation in summer months on the western elevation can cause greenhouse 

effect in glazed space causing indoor thermal discomfort.  
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Chart 6.2.10.Direct normal 

solar radiation in Corniche 

Baher; Saida, Source: Author, 

GBS Simulation 

 

Chart 6.2.11.Defused horizontal 

solar radiation in Corniche 

Baher; Saida, Source: Author, 

GBS Simulation 

 

Chart 6.2.12.Global Horizontal 

solar radiation in Corniche 

Baher; Saida, Source: Author, 

GBS Simulation 

 

Having B1W model with highest exposure allows direct solar radiation to penetrate in the 

spaces resulting in heat gains, thus resulting in higher cooling demand. 

Moreover, Chart 6.2.13 represents the difference in the operational cooling demand in the 

models in the orientations north-west and south-west. The chart indicated that the orientation 

south-west has higher cooling usage than north-west, since the southern orientation records 

higher solar radiation that the north. 

 

Chart 6.2.13. Cooling demand in the North-West orientation VS South-West orientation 

(KWh), Source: Author 

Since this section is analyzing the results of the scenarios in the models with unglazed 

balconies, then it is necessary to analyze the cooling demand in the adjacent spaces of the 

balconies rather than the balconies itself, since the balcony is an open space. 
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 Analyzing the cooling demand in the adjacent space will assess the impact of shading (from 

the balconies), and the impact of the different balcony types on the space cooling. Analyzing 

the adjacent spaces of the balconies that are not glazed can serve as a benchmark to compare 

further balcony enclosures and simulations. 

Chart 6.2.14 Indicates the cooling demand in the balcony and adjacent spaces on the 3 models 

in the north-west and south-west orientations. 

According to Chart 6.2.14, it is observed that the highest cooling demand was recorded in the 

adjacent space in B1W. This is explained by having the balcony type providing the most 

environmental exposure, and the least balcony shading to the interior space. Moreover, the 

position of the balcony and the adjacent spaces are on the opposing corners of north-west and 

south-west having a high direct solar radiation (Appendix A). 

 

Chart 6.2.14. Cooling demand in KWh for the balcony and adjacent space for each model, 

Source: Author 

The cooling in the adjacent spaces in B2W and B3W indicate lower results respectively (Chart 

6.2.14). 

The cooling demand in B2W and B3W was decreased down to half of the adjacent spaces in 

B1W. This is due to, the shading, the balcony type is providing to the adjacent spaces; the 

higher the shading, the lower the demand and vice versa. 

The mentioned simulations are done on the balcony models that are not yet glazed. Therefore, 

the simulation indicates the impact of the balcony structures on the cooling and energy demand 

on the adjacent spaces (since the balconies are an open space). The balcony surrounded by 1 

wall recorded the highest demand in the adjacent space amongst all, having highest exposure 

and least shading for the interior spaces. 
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 The recordings will allow us to compare the impact of glazing (when balconies are glazed in 

further sections) on the energy demand in comparison to the natural state of design (balcony 

not glazed). 

6.3 Glazed Balcony Models Simulation Analysis 

In this section, the recordings of the glazed balconies in each model will be described and 

analyzed. The annual space cooling and heating recordings of balcony surrounded by 1 wall 

(B1W), 2 walls (B2W), and 3 walls (B3W) models will be discussed respectively. Moreover, 

the cooling and heating demand in the glazed and adjacent spaces will be discussed and 

analyzed, emphasizing on the impact of glazing on the balcony space and adjacent space(s). 

Alternatives will be projected where several parameters in the models will undergo 

modifications in order to decrease energy consumption. Finally, the models’ recordings will be 

compared indicating the difference in performance of glazing in each balcony type. 

6.3.1 Models Simulation Analysis 

This section will analyze the recoding of the glazed balcony in the models B1W-100, B2W-

100, and B3W-100. The analysis will include the annual total cooling and heating demand in 

the model, and the energy consumed specifically in the glazed balcony and adjacent space. The 

heating and cooling demand will be discussed focusing on the impact of glazing on the glazed 

balcony and adjacent space. Table 6.3.1 summarizes the energy consumption in the three 

models; further details on each model will be found and referred to in the Appendices 

(Appendix J, Appendix K, and Appendix L). 
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Table 6.3.1.Annual cooling and heating demand of the three balcony structures, and the heating 

and cooling demand in the glazed balcony and adjacent space, Source: Author 

The results of the energy simulation done on B1W-100 model showed high annual cooling 

demand in the summer months (June, July, and August). According to Table 6.3.1 the space 

cooling for the model recorded highest demand in the month of August (1792.9 Kwh). This 

demand - excluding other electric equipment used- is higher than the US standard set for the 

whole apartment (860 KWh) by 2 times (Bimenyimana, Osarumwense Asemota, Ihirwe, & Li, 

2018; Stoy & Kytzia, 2006). 

Similar to the previous model, the B2W-100 model indicated high-energy usage in summer 

months (Table 6.3.1). However, when observing the recordings of the heating demand versus 

the cooling demand, it is noted that the heating demand is almost minimal compared to the 

cooling. This ensures that the material used in the apartments, and the U-value used in Saida, 

Corniche El Baher area, is not specifically suitable for the climate of the context. The thermal 
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characteristics of the material used perform efficiently in the cold months rather than in the hot 

months.  

B3W-100 model showed that the building material and balcony enclosure are efficient in the 

cold months rather than in the summer months since there is a significant variation between 

the annual cooling and heating demand having the cooling demand in the summer months more 

than 1800KWh (Table 6.3.1).  

Amongst the annual space cooling and heating recorded, the glazed balcony recorded a 

significant share. Table 6.3.1 includes the cooling and heating demand for the glazed balcony 

and the adjacent space to the glazed balcony (living space) to maintain comfortable interior 

spaces in the south-west orientation. Both orientations; the north-west and south-west have 

similar electric demands, having the south-west slightly higher. The south-west is mentioned 

in the table while the north-west will be available in the appendix (Appendix J). 

According to Table 6.3.1, the glazed balcony in B1W-100 consumes a peak of 1819 KWh per 

area of balcony (181.9 KWh/m2) on cooling in summer months in order to achieve indoor 

comfort. Whereas, the heating demand needed in the winter months recorded a maximum of 

1318 KWh (131.8 KWh/m2) (Appendix B and Appendix J).  

The cooling and heating demand of the glazed balcony are relatively high, compared to the US 

standards. This is due to several parameters; glazing type and balcony type. The glazing type 

in the models is single glazing 6mm pane, which has a very high U-value, and thus results in 

excessive heat transfer.  

The high U-value of the glazing type allows heat transfer in summer months resulting in heat 

gains in the glazed balcony. In winter, the U-value of the glazing type allows the transfer of 

heat from the interior space to the outdoor. Both heating and cooling demands is increased in 

the glazed and adjacent spaces to improve indoor quality and compensate the discomfort 

resulting from the heat transfer.  Moreover, the balcony type; B1W-100, imposes large area of 

glazing due to its exposure from 3 elevations thus insulation is minimal in the area.  

Whereas in winter, and during daytime, the direct solar radiation from three exposed elevations 

allows direct solar radiation to penetrate in the glazed space and heat the area without operating 

any electric system for few hours. According to Appendix B and Appendix J, the total heating 

demand in the residential unit (not only in the glazed space) accounts for 1.1% of the total 
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electric demand, which corroborates with the literature that states the efficiency of glazing in 

cold climatic regions during daytime. 

In the model B2W-100, the Table 6.3.1 indicates the cooling demand in the summer months in 

the glazed balcony and adjacent space in the south-west orientation. The table indicates that 

the adjacent spaces (living) recorded slightly higher cooling demand than the glazed balcony. 

This is due to the area of cooling operation. The area of the adjacent space is larger than the 

area of the glazed balcony. Whereas the heating in the adjacent space is, lower than the glazed 

space due to the formation of a buffer zone in the glazed space. The buffer zone reduces the 

heat exchange from the glazed space to the outdoor. Accordingly, the results of B2W-100 

corroborates with the literature review that clearly states that the glazed spaces when separated 

from the interior spaces, allow reduction in the heating demand. Both recordings; the glazed 

balcony and adjacent space, are significantly higher than the US standard. 

In B3W-100 model, according to Appendix L the cooling demand in the glazed balcony in both 

orientations north-west and south-west has similar results. The living area adjacent to the 

glazed balcony shows lower cooling recording (1066 KWh) than the glazed balcony (1506 

KWh) (Table 6.3.1) whereas the heating demand indicates the opposite, having minimal 

heating demand in the adjacent space. This is due to the reason mentioned in the previous 

model (buffer zone formation), and having the spaces surrounded from three elevation, with 

only one elevation with glazing.  

The collected data of the model’s recordings are further analyzed and compared along with 

other scenarios in order to discuss the impact of the glazing on the glazed spaces, and adjacent 

spaces. Several parameters are presented in order to reduce the consumption of the spaces in 

the models. 

6.3.2 Alternative Scenario Simulations 

In order to reduce the electric demand in the models, the following section presents the creation 

of several scenarios for each model having adjusted parameters. The parameters adjusted 

directly affect the energy consumed in the glazed spaces, and especially cooling, according to 

the literature. The modified parameters are; changing the orientation of glazing, decreasing the 

window-to-wall ratio, installing shading on glazing, and replacing the glazing type. Each 

scenario will undergo modifications in the mentioned scenarios by which will be compared to 

the base model in order to identify the efficient parameter that enables cooling reduction in the 

glazed spaces. The initial cost of the parameters implemented will not be considered, since they 

are not the focus of the thesis and will be suggested for further studies. 
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The scenarios were created according to the charts from the Insight 360 (Appendix B, 

Appendix E, and Appendix G) and designed in GBS. The results from GBS are arranged in the 

form of table exported from Excel in order to compare easily the results. 

6.3.2.1 Alternative Scenarios of Model B1W-100 

The following scenario examines the modified parameters in the model B1W-100. 

Table 6.3.2 indicates the annual reduction in cost and KWh of the parameters adjusted on GBS 

compared to the base run of the model B1W-100. Noting the cost per KWh in Lebanon is 0.09 

USD. 

When the window-to-wall ratio was reduced to 30% on the west and southern elevations, there 

was a slight decrease in the energy consumed and cost (95 USD annually). The table shows 

that when the model is rotated 90°; when the balconies are placed on the North elevation rather 

than on the western, the energy usage was reduced by 1516 KWh and cost was reduced by 182 

USD annually.  When the single pane 6mm glazing was replaced by a low-e glazing for hot 

climate, the reduction was 120 USD and 519 KWh annually.  

All the mentioned modifications; glazing, orientation, and window-to-wall modification did 

not make a recognizable reduction on the cost neither energy consumed. Moreover, the price 

of replacing the glazing type with low-e is more than the savings in 30 years (3600 USD).  

When the shading devices are placed on glazing to cover 2/3 of the window, there was a 

reduction of 3570 KWh and 389 USD annually, almost 12000 USD in 30 years. However, 

installing shading devices will affect the view, thus movable shadings can be implemented, but 

this will also increase the initial cost. 

BALCONY 

TYPE 
MODEL 

BASE RUN WWR ORIENTATION GLAZING SHADING 
  

COST KWH COST KWH COST KWH COST KWH COST KWH 

B1W 100 
 $   

4,352  
38293 

 $   

4,257  
37857 

 $   

4,170  
36777 

 $   

4,232  
37774 

 $   

3,963  
34726 

 B1W-

100  

REDUCTION       1.13% 4% 1.30% 9.30%   

Table 6.3.2. Percentage of reduction of each modification in relation to the base run, Source: 

Author 

Briefly, according to Table 6.3.2, the highest reduction occurred when the shading was inserted 

on 2/3 of the glazing. Reducing the solar radiation by shading installation recorded efficient 

results than replacing the glazing type. 

However, since the examined phenomenon is in an existing building, and the possibility to 

decrease window-to-wall ratio or orientation of the building is not possible, then Figure 6.3.1 

shows the result of the scenario when both the glazing and shading are modified. Shading and 
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glazing are the only modifications amongst the mentioned that can be implemented in any 

existing building. 

 

Figure 6.3.1. Modification of Shading and Glazing VS Base run, Source: Author 

 

Figure 6.3.2. Cooling for Shading and Glazing, Source: Author 

The scenario proves that when the shading is installed on 2/3 the window and glazing type is 

replaced by low-e, a reduction of up to 470 USD annually (2800 KWh annually), 14000 USD 

lifecycle reduction (30year) can be attained (Figure 6.3.1), with a reduction of cooling demand 

(28.8% instead of 31.4%) (Figure 6.3.2). However, the initial cost of implementing the 

mentioned strategies is a factor that should be considered in further research. 
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6.3.2.2 Alternative Scenarios of Model B2W-100 

The following scenario examines the modified parameters in the model B2W-100. The results 

are obtained from GBS and inserted to Excel in order to create clear visuals for analysis. Table 

6.3.3 indicates the annual reduction in cost and KWh of the parameters adjusted on GBS 

compared to the base run of the model B2W-100.  

The base model consumes 42084 KWh; 4321 USD annually. According to Table 6.3.3, 

decreasing the window-to-wall ratio to 30% was not efficient since it led to an increase in the 

cooling demand; this is because some of the elevations already had less than 30%. When 

rotating the building, having the main façade overlooking the north elevation, a decrease of 

5.3% occurred (4092 USD). Moreover, when the single pane clear 6mm glazing was replaced 

by low-e glazing, a decrease of up-to 3.6% was conducted (4165 USD) (Table 6.3.3). 

Shading 2/3 of the windows led to a decrease of up-to 8% (3978 USD) (Table 6.3.3). 

BALCONY 

TYPE 
MODEL 

BASE RUN WWR ORIENTATION GLAZING SHADING 
  

COST KWH COST KWH COST KWH COST KWH COST KWH 

B2W 100 
 $   

4,321  
42084 

 $   

4,772  
46416 

 $   

4,096  
40166 

 $   

4,165  
41042 

 $   

3,978  
38948 

 B2W-

100  

REDUCTION       110.00% 5% 2.50% 7.45%   

Table 6.3.3.Percentage of reduction per parameter in relation to the base run, Source: Author 

According to Table 6.3.3, amongst all the modifications done on the model, the shading showed 

the highest efficiency and energy reduction (7.45%). 

However, since as mentioned in the previous section, the only applicable parameters to existing 

buildings is placing shading and replacing the glazing type, therefore, a scenario including both 

parameters is done. 
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Figure 6.3.3. Shading and Glazing, Source: Author 

 

Figure 6.3.4. Cooling decrease when shading and glazing are changed, Source: Author 

The mentioned scenario led to a decrease of up-to 10% from the annual cost and energy 

consumption (Figure 6.3.3). The cooling demand in the model decreased from 27.2% to 24.6% 

(Figure 6.3.4). 
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6.3.2.3 Alternative Scenarios of Model B3W-100 

The last scenario examines the modified parameters in the model B3W-100. Table 6.3.4 

indicates the annual reduction in cost and KWh of the parameters adjusted on GBS compared 

to the base run of the model B3W-100. 

In order to decrease the high cooling demand, several scenarios where created; placing shading 

on 2/3 of the window, replacing the glazing with low-e, rotating the building 90°, and reducing 

the window-to-wall ratio to 30%.  

According to Table 6.3.4, the results of the scenarios showed that the most efficient parameters 

where placing shading devices (a decrease of 7.2 %), and changing the orientation of the 

building by placing the glazed balconies to the north elevation (a decrease of 7 %). Whereas 

adjusting the orientation and replacing the glazing type, tended to increase the energy 

consumed by 1% (Table 6.3.4). 

BALCONY 

TYPE 
MODEL 

BASE RUN WWR ORIENTATION GLAZING SHADING 
  

COST KWH COST KWH COST KWH COST KWH COST KWH 

B3W 100 
 $   

4,576  
43564 

 $   

4,562  
44073 

 $   

4,224  
40616 

 $   

4,600  
44242 

 $   

4,232  
40412 

 

B3W-

100  

REDUCTION       101% 7% 101% 7.20%   

Table 6.3.4. Percentage of several parameters in relation to the base run, Source: Author 

Concerning the applicable parameters to the existing buildings in the area, inserting shading 

on the windows is the only applicable parameters amongst the ones mentioned that can be 

applied.  

 

Figure 6.3.5.Space cooling decrease to 26.3%, Source: Author 

Placing shading devices to cover 2/3 of the window resulted in the reduction of energy 

consumed, especially cooling; from 28.4% to 26.3% (Figure 6.6.81). 



62 

 

6.3.2.4 Conclusion 

When having a glazing in a balcony surrounded by 1 wall structure (B1W-100), the glazed 

space will perform efficiently in winter creating a greenhouse effect, however, the space is 

energy consuming in summer. The most efficient modification to reduce the cooling demand 

in an existing building is not only to replace the single pane glazing with a low-e, but also to 

shade 2/3 of the openings to prevent solar heat gain. However, if in the design phase, placing 

the glazing on the northern façade rather than the western can help prevent heat gain and thus 

cooling demand. In the balcony surrounded by 2 walls (B2W-100), the glazed balcony imposed 

minimal heating demand, especially during the day time, compared to the cooling demand in 

the summer months. The cooling demand in the glazed and adjacent space exceeded the US 

standard for energy consumption. In B1W-300, the model showed high-energy usage 

especially on cooling. However, the model indicated opposing results concerning the 

alternative parameters. When the glazing is changed to low-e, the reduction in energy 

consumption did not occur. The only efficient and applicable parameter was the placement of 

shading. The results of the glazed balconies in the three models will be further compared and 

analyzed in order to derive the impact of glazed balconies on the adjacent space, the impact of 

glazed balconies on cooling, and the impact of balcony type on the cooling demand and energy 

usage. 

6.3.3 Comparing results of the 3 models glazed balconies 

The three models having glazed balconies where simulated and separately analyzed in the 

previous sections. This section will compare and analyze the results of the glazed balcony 

models in order to deduce the performance of each with respect to different balcony types. 

Chart 6.3.1 indicates the cooling demand for the glazed balconies and adjacent spaces in the 3 

models in orientations north-west and south-west.  

Amongst all models, B1W recorded the highest cooling demand, then B2W and B3W 

respectively (Chart 6.3.1). 
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Chart 6.3.1. Cooling demand in glazed balconies and adjacent spaces of the three models, 

Source: Author 

Model B1W has 3 glazed elevations and one wall, and according to Figure 5.3.1, the U-value 

of the wall used in “Corniche El Baher” area is lower than the U-value of the single pane 

glazing used. Therefore, the more the walls surrounding the glazed balcony the higher the 

insulation provided. As the glazing and exposure to direct solar radiation increases, the energy 

consumed increases, and vice versa- similar to models 2 and 3, that respectively have lower 

energy consumption than model 1.  

The demand in the space adjacent to the balcony space varies. In models B1W and B2W, the 

cooling operated in the space adjacent to the balcony is higher than the cooling operated in the 

glazed balcony.  This is due to several reasons that are further discussed, noting that the area 

of the adjacent space is higher than the area of the balcony. Moreover, B3W recorded operated 

cooling in the adjacent space less than the operated cooling in the balcony space. This is due 

to the insulation provided by the 3 surrounding walls and the position of the adjacent space 

prevents direct solar radiation. Moreover, the shading provided from the balcony structure 

decreases heat gains through solar penetration. 

Similarly, the heating demand has records of 949KWh in the cantilevered balcony B1W, and 

decreases in the other models B2W and B3W respectively (Chart 6.3.2). 
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Chart 6.3.2.Heating demand in glazed balconies and adjacent spaces of the three models, 

Source: Author 

The electric usage in the models is affected by several variables. The area of glazing proved to 

cause an increase in the electric usage; cooling demand. The balcony type and type of glazing 

directly affect the energy consumed on cooling in the glazed balcony and adjacent spaces. 

6.3.4 Conclusion 

Briefly, the first model (cantilevered balcony) recorded the highest cooling and heating demand 

amongst all models. When the three models underwent several changes in order to decrease 

the energy usage, each responded differently to the same variable. The first and second model 

resulted in an efficient decrease in energy usage when the glazing is replaced by low-e, and 2/3 

of the windows were shaded; a decrease in cost of up-to 10%. The third model didn’t perform 

efficiently when glazing and shading were adjusted together, since adjusting the glazing 

resulted in an increase in the energy consumed, thus by adjusting the shading only the cost of 

energy used is decreased by 7.2%. 

6.4 Glazed Balcony with Wall Removal Models Analysis 

In this section, the recordings of the glazed balconies where the wall separating the balcony 

from the interior space is removed will be presented and analyzed.  

The annual space cooling and heating recordings of the three balcony structures will be 

discussed respectively. Moreover, the cooling and heating demand in the enlarged glazed 

spaces will be discussed and analyzed, focusing on the impact of glazing on the enlarged space. 

Alternatives will be presented where several parameters in the models will undergo 
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modifications in order to decrease energy consumption. Finally, the models’ results will be 

compared indicating the difference in performance of each balcony type. 

6.4.1 Models Simulation Analysis 

This section will analyze the recoding of the glazed balcony in the models having balcony 

surrounded by 1 wall, 2 walls, and 3 walls in the scenario when the balcony is glazed and the 

wall separating the balcony from the adjacent space is removed (B1W-300, B2W-300, AND 

B3W-300). The analysis will include the total energy consumed in the model, and the energy 

consumed specifically in the glazed enlarged space. In this scenario, the cooling demand will 

be analyzed as the sum of the glazed balcony and interior space since they are one enlarged 

space that demands energy usage. Table 6.4.1 indicates the annual space cooling and heating 

in the balcony structures models, and the sum of cooling and heating in the enlarged space. The 

enlarged space in the table is orientated towards the south-west since the results of north-west 

and south-west are similar with a slight difference. However further details on the models is 

referred to in the appendix (Appendix M, Appendix N, and Appendix O). 
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Table 6.4.1. Annual cooling and heating demand of the three balcony structures, and the 

heating and cooling demand in the glazed enlarged space, Source: Author 

In B1W-300 model, there is a wide variation between the energy usage per month on cooling 

and on heating. According to Table 6.4.1 annual space cooling is extremely higher than heating. 

The space cooling usage recorded a maximum of 1400 KWh, whereas the maximum heating 

recorded was 40 KWh. The high cooling usage is because of the exposure given by the balcony 

structure that allows direct solar radiation. Moreover, the cooling will have to be provided for 

a large area (glazed balcony and living), unlike previous models. 

In the model having a glazed balcony surrounded by 2 walls (B2W-300), the space cooling 

exceeded 1500 KWh in the summer months, whereas in winter, the heating demand reached 

up-to 50 KWh. 
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In the model having a glazed balcony surrounded by 3 walls (B3W-300), similarly, the cooling 

demand is by far higher than the heating demand, this corresponds to the thermal properties of 

material used and design of buildings. 

In the three reviewed models, all models showed similar results having very high cooling 

demand in the whole model with respect to space heating. This explains that beyond the 

balcony structure and glazing type used, the U-value of the building material used in “Corniche 

El Baher” area is not suitable for the climate neither provide insulation from the climatic 

factors. 

In the enlarged spaces; glazed balcony and adjacent space, the electric demand recorded high 

space cooling usage. 

The cooling provided in the enlarged space in B1W-300 records a sum of 3829KWh in the 

peak summer months (according to Table 6.4.1 and Appendix M). The demand is 4 times above 

the US monthly standard (860 KWh) of the residential model (Bimenyimana, Osarumwense 

Asemota, Ihirwe, & Li, 2018; Stoy & Kytzia, 2006). 

In B2W-300, the cooling usage in the enlarged space reached up-to 3700 KWh in the summer 

months (Table 6.4.1 and Appendix N). This cooling demand is extremely high compared to 

US standards and costs up-to to 333$ per month. This cost is spent only cooling the enlarged 

space. 

In B3W-300, the cooling demand in the enlarged space recorded 1741 KWh, costing 156$ per 

month in order to achieve indoor comfort in the glazed space. 

The described results of the models simulated recorded high-energy usage in the enlarged 

space. This is due to several variables, and mainly the increased area of space for cooling 

operation. Moreover, the cooling demand is also affected by several parameters to be modified 

in the following section in order to decrease the energy usage. 

6.4.2 Alternative Scenario Analysis 

Similar to the previous models, the scenarios B1W-300, B2W-300, and B3W-300 will undergo 

several modifications in several parameters in order to reduce the cooling usage in the enlarged 

space, focusing on glazing related parameters. 

In order to reduce the electric demand in the models, the following section presents the creation 

of several scenarios for each model having adjusted parameters. The parameters adjusted 

directly affect the energy consumed in the glazed spaces, and especially cooling, according to 

the literature. The modified parameters are; changing the orientation of glazing, decreasing the 

window-to-wall ratio, installing shading on glazing, and replacing the glazing type. Each 
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scenario will undergo modifications in the mentioned scenarios by which will be compared to 

the base model in order to identify the efficient parameter that enables cooling reduction in the 

glazed spaces.  

The scenarios were created according to the charts from the Insight 360 (Appendix B, 

Appendix E, and Appendix G) and designed in GBS. The results from GBS are arranged in the 

form of table exported from Excel in order to compare easily the results. 

6.4.2.1 Alternative Scenarios of Model B1W-300 

In order to decrease the energy usage especially on cooling, the parameters; orientation, 

shading, glazing, and window-to-wall ratio are modified and simulated for B1W-300 model. 

Table 6.4.2 summarized the reduction occurred upon modifying the mentioned parameters in 

terms of cost and Kwh reduction. Modifying the, orientation, glazing, and window to wall ratio, 

recorded similar results; a decrease by 3%, 1%, and 2% respectively (Table 6.4.2).  

Whereas, shading 2/3 of the windows decreased the energy usage by 9.3% (Table 6.4.2).  

According to Table 6.4.2, the most efficient parameter that allowed significant reduction on 

energy usage was the placement of shading. However, replacing the glazing by low-e recorded 

the minimum decrease (1%). 

BALCONY 

TYPE 
MODEL 

BASE RUN WWR ORIENTATION GLAZING SHADING 
  

COST KWH COST KWH COST KWH COST KWH COST KWH 

B1W 300 
 $   

4,451  
40064 

 $   

4,335  
39312 

 $         

4,319  
38955 

 $   

4,336  
39682 

 $   

4,044  
36316 

 B1W-

300  

REDUCTION       2% 3% 1% 9.30%   

Table 6.4.2. Percentage of reduction with respect to the base run, Source: Author 

Chart 6.4.1 and Chart 6.4.2 indicate the difference in the space cooling percentage in each the 

base run and the model when the shading is placed.  
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Chart 6.4.1. Annual Electric End Use in 

Base Run , Source: Author 

 

Chart 6.4.2. Annual Electric End Use in 

Alternative ( Shading) , Source: Author 

Adjusting the shading only, achieved a decrease in the annual cooling demand by 2.6% (Chart 

6.4.1 and Chart 6.4.2). 

In conclusion, the model showed high-energy usage and space cooling referring to the enlarged 

space that needs cooling and the direct contact with the environment that result in excessive 

heat gain in the summer months. Shading 2/3rd of the windows is the most efficient low cost 

and applicable method to be applied on existing buildings. The recordings will be further 

compared to other models in order to deduce the efficient and inefficient model. 

6.4.2.2 Alternative Scenarios of Model B2W-300 

In the model B2W-300, Table 6.4.3 illustrates the modified parameters and the percentage of 

reduction of each with respect to the base model. Shading, glazing, and rotation decreased the 

energy demand by 7%, 2.4%, and 4% respectively (Table 6.4.3). However, changing the 

window-to wall ratio to 30% relatively did not make any reduction, rather slightly increased 

the demand 1% (Table 6.4.3).  

According to Table 6.4.3, the most efficient parameter was the placement of shading, followed 

by the adjustment of orientation to the north rather than the west, and then the glazing.  

MODEL 
BASE RUN WWR ORIENTATION GLAZING SHADING 

#NAME? 
COST KWH COST KWH COST KWH COST KWH COST KWH 

300 
 $   

4,303  
42716 

 $   

4,345  
43270 

 $         

4,135  
40949 

 $   

4,146  
41683 

 $   

3,980  
39659  B2W-300  

      101% 4% 2% 7.00%   

Table 6.4.3.Reduction percentage with respect to the base run of several parameters, Source: 

Author 
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Figure 6.4.1.Adjustment of shading and glazing VS Base run, Source: Author 

 

Chart 6.4.3. Base run electric use, 

Source: Author 

 

Chart 6.4.4.Alternative model 

electric use, Source: Author 

 

Adjusting the glazing and placing shades on the windows together, achieved a reduction of up-

to 10%, and a reduction in the cooling demand from 26.6% to 23.9% Figure 6.4.1, Chart 6.4.3, 

and Chart 6.4.4).  

In conclusion, the model underwent several readings of recordings in terms of cooling and 

heating in the space model and in the glazed space. Several parameters were modified in order 
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to obtain the efficient parameter. Shading and glazing adjustment prove reduction in energy 

consumption can be obtained in existing buildings. 

6.4.2.3 Alternative Scenarios of Model B3W-300 

Similar to previous models, variables where modified in order to decrease energy intake. Table 

6.4.4 indicate the shading, glazing, orientation, and window-to-wall ratio parameters 

respectively compared to the base run. 

Table 6.4.4 indicates that the most efficient variable is the shading- it decreased the energy 

demand by 7.5% (Table 6.4.4).  

BALCONY 

TYPE 
MODEL 

BASE RUN WWR ORIENTATION GLAZING SHADING 
  

COST KWH COST KWH COST KWH COST KWH COST KWH 

B3W 300 
 $   

4,461  
43169 

 $   

4,405  
42584 

 $         

4,209  
40975 

 $   

4,329  
42250 

 $   

4,126  
39959 

 

B3W-

300  

REDUCTION       1% 5% 2% 7.50%   

Table 6.4.4.Reduction percentage of several parameters with respect to the base run, Source: 

Author 

However, when adjusting shading and glazing, since they are variables that can be adjusted in 

an existing building, a decrease of 9% was achieved (Figure 6.4.2) and a decrease of 2.6% 

specifically on the cooling demand (Chart 6.4.5 and Chart 6.4.6). 

 

Figure 6.4.2.Shading and glazing adjustment VS Base run, Source: Author 
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Chart 6.4.5.Base run electric end 

use, Source: Author 

 

Chart 6.4.6. Alternative electric end 

use, Source: Author 

In conclusion, similar to the previous models, the balcony surrounded by 3 walls recorded high 

energy usage and high cooling usage, whereas the heating was minimal. The model was mostly 

respondent to the shading coefficient. Moreover, when glazing and shading were adjusted 

together, the reduction was recorded per energy use and per cooling specifically.   

 

6.4.2.4 Conclusion 

The three balcony type models underwent similar adjustment to several parameters. The aim 

of the modified parameters is to decrease cooling demand and energy usage resulting from the 

glazing in the glazed balconies. Each parameter performed differently in each balcony type. 

However, shading the 2/3rd of the glazing located on the western elevation was a common 

efficient parameter that recorded reduction in the cooling demand of all three models. 

6.4.3 Comparing all results 

In the three models studied in the previous sections, the space cooling for the whole models 

exceeded the US standards, since all scenarios recorded higher than 860 KWh monthly in the 

summer months; according to the US Energy Information Administration (Chart 6.4.7) 

(Bimenyimana, Osarumwense Asemota, Ihirwe, & Li, 2018; Stoy & Kytzia, 2006). 
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Chart 6.4.7. Space cooling for the three models (KWh), Source: Author 

In the glazed spaces of the models; glazed balcony and the adjacent enlarged space, the cooling 

demand varied in each balcony type, by which some have higher cooling demand in adjacent 

space rather than in the glazed balcony and others vice versa.  

Chart 6.4.8 indicates the cooling demand in the glazed spaces in the three models; B1W, B2W, 

and B3W. 

In the summer months, the cooling demand of both spaces (glazed balcony and adjacent space) 

recorded highest demand for B1W (3829 KWh monthly in summer), and least cooling demand 

for B3W (1741 KWh) (Chart 6.4.8). The glazed spaces are using energy for cooling 4 times 

more than the US standard for the whole residential apartment.  

 

Chart 6.4.8. Cooling demand for glazed balcony and 

adjacent space, Source: Author 

 

Chart 6.4.9. Heating demand for glazed balcony and 

adjacent space, Source: Author 
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Chart 6.4.9 indicates the heating demand for the glazed spaces in the three models. The chart 

indicates that the heating demand in the glazed spaces is relatively lower than the cooling by 

up to 2 times in the peak winter months. 

This indicates that glazed spaces are efficient in the winter months more than in the summer 

months, especially the balcony surrounded by 3 walls structure (585 KWh), this is due to many 

reasons (Chart 6.4.9). Firstly, the thermal properties of the glazing used transmits heat and solar 

radiation which forms green-house effect in the glazed space; it is useful in the winter months 

in daytime but will cause excessive heat gain in the summer months and thus the increase of 

the cooling demand. Although it decreases the heating usage in winter months, it helps in the 

formation of molds in the structure and high humidity, which affects the structure. 

Moreover, the cooling and heating demands are affected by the areas operated. As the area of 

the space increases, the energy usage increases in order to cover and achieve thermal comfort 

in all the space. This explains the high-energy usage in the three models compared to other 

scenarios (when the living area is not enlarged). 

When modifying the parameters mentioned in the scenarios in order to decrease the energy 

demand, each model performed differently with each parameter, noting that the cost of 

implementation is disregarded in the thesis. Table 6.4.5 indicates the efficient parameters in 

each model. The most efficient and common parameter amongst all is the placement of the 

shading.  

When placing shades on 2/3rd of the windows, all the models recorded high saving energy 

demand, unlike other parameters. This parameter also affects the direct vision and view to the 

outside. Adjusting the window-to-wall ratio in the models did not affect the energy use, and in 

some models, it slightly increased the demand. However, changing the rotation of the building 

by rotating the glazed spaces from west to north in these specific models did not have the 

highest efficient impact on the energy unlike the previous models.  

 Shading and replacing the single pane glazing by double low-e glazing efficiently reduced the 

demand and cost in all the models (Table 6.4.5). Nevertheless, when replacing the glazing 

alone without the placement of the shading, the decrease did not exceed the 2% on the total 

annual energy usage of the models. 

 

Table 6.4.5.Annual energy use in the base model and alternative model, Source: Author 

BASE/ year ALT/ year Cost Decrease Cooling Decrease Adjusted

B1W $4,451 $4,044 407 2.60% Shading

B2W $4,303 $3,887 416 2.70% Shading and Glazing

B3W $4,461 $4,053 408 2.60% Shading and Glazing
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Figure 6.4.3 indicates the reduced cost of energy usage per year in the three models when 

adjustments are applied. The most respondent model to the adjustments applied is the balcony 

surrounded by 2 walls model. The reduction was 416$ annually, 12480$ per 30 years 

disregarding the initial cost of implementation. 

 

Figure 6.4.3.Annual energy use in the base model and alternative model, Source: Author 

The models in this section were compared to each other indicating the most efficient and 

respondent model to the varied parameters. All models showed high recordings, even higher 

than previous models due to the increase in the area of cooled and heated spaces. The results 

of the models will be discussed and analyzed in order to answer the research question and aim 

of thesis. 

6.4.4 Conclusion 

This section described and analyzed thoroughly the results of enlarged glazed space in models 

B1W, B2W, and B3W. All models recorded high space cooling usage in the models, and 

especially in the enlarged spaces. The models underwent several modifications in the 

parameters in order to reduce the cooling usage, most of the models responded to the glazing 

and shading parameters that allowed a reduction of up-to 2.7% on cooling in the models. The 

recorded results will be further compared, analyzed and discussed amongst each other to 

deduce the impact of glazing and balcony type on cooling in the glazed spaces and adjacent 

spaces. 

6.5 Discussion and Analysis 

 In the previous sections, all three models with three scenarios each were simulated, and results 

were praised. Accordingly, results will be further discussed. The following section will analyze 

and compare the results of cooling and energy usage in all balcony spaces of the three model. 

The second section will analyze the results of the previous models concerning the impact of 
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glazed balconies on the adjacent spaces. The last section will provide projections that are 

capable in reducing the energy consumed on cooling in the spaces. 

6.5.1 Balcony Space Analysis 

This section will compare and analyze the cooling demand for the balcony space scenario in 

all the models; balcony surrounded by 1 wall, 2 walls, and 3 walls, when the balcony is glazed, 

and when the interior wall is removed, and the balcony space. The balcony spaces simulated 

are facing the sea with no shading or adjacent building affecting their performance. However, 

this scenario- amongst several scenarios- can be simulated in future studies to study the impact 

of adjacent buildings on the glazed balconies. 

Chart 6.5.1 and Chart 6.5.2 indicate the cooling and heating demands in the balcony spaces. 

Firstly, balcony having a 1 wall structure (cantilevered) recorded highest cooling and heating 

demand in all scenarios. This is due to the exposure from 3 elevations, and the thermal 

characteristic of the glazing found in the 3 elevations allows poor insulation and excessive heat 

gain in the western elevation on the coast.  

In contrary, balcony surrounded by 3 walls; having only 1 elevation overlooking the west, 

recorded the least cooling and heating demand.  

The energy use and cost for cooling and heating in balcony surrounded by 1 wall and 2 walls 

structure each can reach up-to 2.3 times the energy usage of cooling and heating in the balcony 

surrounded by 3 walls per month. 

 

Chart 6.5.1. Cooling demand for the balcony 

space in the three balcony types (KWh), 

Source: Author 

 

Chart 6.5.2.Heating demand for the balcony 

space in the three balcony types (KWh), 

Source: Author 

 

Moreover, Chart 6.5.3 and Chart 6.5.4 indicated that the cooling and heating demands when 

the balcony is glazed (100) and when the balcony is glazed and adjacent space is enlarged 
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(300), recorded relatively high demand compared to when the balcony is not glazed (200) in 

all models.  

The cost of the energy demand in the glazed and enlarged space models (100 and 300) is 1.5 

times the energy demand of the balcony models per month.   

 

 

Chart 6.5.3.Cooling demand for the balcony 

space in the three scenarios of different 

balcony types (KWh), Source: Author 

 

Chart 6.5.4. Heating demand for the balcony 

space in the three scenarios of different 

balcony types (KWh), Source: Author 

 

Accordingly, the models with the highest cooling demand are when the scenarios have a 

balcony with 1 wall structure and when the balcony is glazed, and the adjacent space is 

enlarged.  

Chart 6.5.5 indicated the cooling demand for the 3 scenarios; balcony, glazed balcony, and 

glazed balcony with enlarged space, in the three balcony structures B1W, B2W and B3W. The 

chart aims to compare the scenarios (100, 200, and 300) with respect to the balcony types 

(B1W, B2W, and B3W). The cantilevered balcony model having enlarged glazed balcony 

recorded the highest cooling demand amongst all per month (B1W-300: 1469KWh).  The 

mentioned recording is 1.7 times greater than the US cooling demand standard for the whole 

apartment (860 KW per month) (Bimenyimana, Osarumwense Asemota, Ihirwe, & Li, 2018; 

Stoy & Kytzia, 2006). 
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Chart 6.5.5.Cooling demand to all balcony spaces in the 3 models in the three scenarios, 

Source: Author 

 

Moreover, model B1W-100, showed similar results to B1W-300. Noting that the only 

difference between scenarios 100 and 300 is the wall removal; scenario 300 is almost double 

the area of 100 whereas scenario 100 only include the cooling in the glazed balcony. 

This explains that the impact of the cooling demand is not the enlarged space (the bigger the 

area that needs to be cooled the more the cooling demand), but the glazing area and balcony 

type. Having bigger glazing ratio; 3 elevations, led to the increase in the demand compared to 

other models. Since the only difference between B1W-100 and B1W-200 is the glazing on the 

balcony, thus the glazing can lead to a significant increase in cooling in the interior spaces. The 

mentioned data corroborates with the literature that clearly states the relation of glazing with 

the increase in energy consumed (2.4.1). 

By comparing the scenario B1W-300 with the same balcony structure but without the balcony 

enclosure B1W-200, an increase of 151% in cooling demand and energy cost in the balcony 

space, having a difference of up-to 5000 USD in 30 years only in the balcony space. 
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Chart 6.5.6.The difference in cost (USD) between the scenarios B1W-300 and B1W-200 in 1 

month,  summer season (3months), and 30 years, Source: Author 

In conclusion, the balcony spaces in the models simulated proved the relation of glazing ratio 

and area on the cooling demand and declined the relation of the operated area of space with 

cooling demand. Therefore, the balcony surrounded by 1 wall recorded the highest demand 

amongst all due to the highest glazing ratio in the western orientation. 

6.5.2 Adjacent Space Analysis 

The following section will compare and analyze the cooling demand for the space adjacent to 

the balcony in all scenarios in order to identify the effect of the glazing trend on the energy 

usage in the adjacent space.  

Chart 6.5.7 and Chart 6.5.8 indicate the total cooling and heating demand respectively to the 

space adjacent to the glazed balcony in the 3 balcony types; balcony surrounded by 1 wall, 2 

walls, and 3 walls, in order to indicate the impact of balcony type on the adjacent space. 

According to Chart 6.5.7 and Chart 6.5.8, the cooling and heating demand in the adjacent space 

is at its highest in the cantilevered balcony structure (B1W). Having a space adjacent to a 

cantilevered balcony can consume up-to 1.7 times on cooling than the balcony surrounded by 

2 walls, and up-to 1.6 times than the balcony surrounded by 3 walls. The higher the glazing 

area, the higher the effect not only on the glazed space but on the adjacent space too. 
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Chart 6.5.7.Cooling demand in the space 

adjacent to the glazed balcony in the three 

balcony types, Source: Author 

 

Chart 6.5.8. Heating demand in the space 

adjacent to the glazed balcony in the three 

balcony types, Source: Author 

 

However, Chart 6.5.9 and Chart 6.5.10 indicate the total cooling and heating demands 

respectively of the different scenarios 100, 200, and 300, in order to indicate the impact of 

scenarios on the cooling demand, and the impact of the glazed balcony on the adjacent spaces. 

 The highest space cooling and heating of the adjacent spaces are when the balcony is not 

glazed (scenarios 200: B1W-200, B2W-200, and B3W-200), secondly when the balcony is 

glazed (scenarios 100: B1W-100, B2W-100, and B3W-100), and finally, the least demand is 

when the balcony is glazed, and the space is enlarged (scenarios 300: B1W-300, B2W-300, 

and B3W-300).  

 

Chart 6.5.9.Cooling demand in the space 

adjacent to the glazed balcony in the three 

scenarios, Source: Author 

 

Chart 6.5.10.Heating demand in the space 

adjacent to the glazed balcony in the three 

scenarios, Source: Author 
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This indicates the difference in the performance and effect of the different glazing scenarios 

on the adjacent space.  

A glazed balcony can perform efficiently when it is separated from the adjacent space. When 

the glazed balcony is separated from the adjacent space, a buffer zone between the outdoor 

environment and the adjacent space is formed. This buffer zone allows minimum heat exchange 

between the outdoor and the adjacent space in the summer and winter. In summer, it minimizes 

the direct solar radiation and direct heat exchange, and accordingly reduces cooling demand 

by 1.3 times from when the balcony is not glazed. In winter, it creates a greenhouse effect and 

reduces the heating demand in the adjacent space by 1.3 times from when the balcony is not 

glazed. 

The glazed balcony in both scenarios 100 and 300 proved to decrease the cooling demand in 

the adjacent space compared to when the balcony is not glazed. 

 

Chart 6.5.11. Cooling and heating demand in all models, Source: Author 

Chart 6.5.11 indicates that the cantilevered model having a balcony that is not glazed (B1W-

200) recorded the highest cooling demand amongst all models; 2070 KWh which is 2.4 times 

higher than the accepted US standard calculated for the whole residential apartment per month 

(860 KWh) (Bimenyimana, Osarumwense Asemota, Ihirwe, & Li, 2018; Stoy & Kytzia, 2006). 

This is because there is no buffer zone that separates the excess heat from the interior space 

like other scenarios having glazed balconies. 

To elaborate on the impact of glazed balcony on the adjacent space, Chart 6.5.12 indicates the 

difference between the cooling cost of B1W-200 with B3W-100; balcony VS glazed balcony 

on the impact of adjacent space. The comparison is between the highest cooling demand VS 
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lowest cooling demand in the adjacent space. B1W-200 recorded an increase of 10554 USD in 

30 years in the cantilevered balcony than the other model. 

 

Chart 6.5.12.Difference in cost (USD) between the scenarios B1W-200 and B3W-100 in 1 

month, summer season (3months), and 30 years in the adjacent space, Source: Author 

When comparing B1W-200 with B1W-300 (Chart 6.5.13), minimal reduction was recorded; 

519USD in 30 years. This proves that not only the glazing type affects the cooling in the 

adjacent space, but the balcony type and glazing area is the most important factors. 

 

Chart 6.5.13.Difference in cost (USD) between the scenarios B1W-300 and B1W-200 in 1 

month, summer season (3months), and 30 years in the adjacent space, Source: Author 
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The glazing showed effective and efficient recording on the adjacent spaces to the glazed 

balconies. Having a glazed balcony and separated from the interior is the most efficient method 

that reduces heating and cooling usage in all months. 

6.5.3 Alternative Adjustment Analysis 

The simulated models and scenarios recorded high-energy usage, therefore, parameters were 

modified and adjusted in order to compare with the base models and identify the efficient 

parameter. 

The scenarios underwent several parameters that were found efficient in the literature review. 

Firstly, the orientation of the glazing was adjusted. According to the charts exported from 

Insight360, rotating the building 90 degrees; orienting the glazed balconies facing the north 

rather than the west, can reduce the energy consumed. This is because the western elevation 

has the highest solar radiation amongst the day and especially in the summer months.  

Chart 6.5.14 indicates the reduced ratio between the north orientation and the west orientation. 

All models showed significant reduction having the most respondent scenario is B3W-100 with 

a reduction of 352 KWh per year compared to the base model of B3W-100 when the balconies 

are oriented to the west. 

 

Chart 6.5.14.The reduction occurred when changing the orientation of the models with respect 

to the base model per (KWh), Source: Author 

The second parameter tested is replacing the single 6mm single pane glazing with low-e hot 

climate glazing. The low-e glazing has a lower U-value than the glazing used in the area. 
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the exterior and the glazed balcony space. According to Chart 6.5.15, the scenario that highly 

responded to the glazing replacement is B2W-300 with a reduction of 157 KWh compared to 

the base model. 

 

Chart 6.5.15. The reduction occurred when replacing the glazing of the models with respect to 

the base model per (KWh), Source: Author 

The parameter window-to-wall ratio was also tested, knowing the importance of glazing ratio 

on energy consumed. The window-to-wall ratio was reduced to 30% in the western elevation 

rather than having the elevation fully glazed. However, according to Chart 6.5.16, minimal 

reduction occurred in this parameter, having B1W-300 the most respondent to the reduction 

(116KWh). This explains that the ratio of glazing does not affect the energy consumed in the 

glazed spaces.  
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Chart 6.5.16.The reduction occurred when adjusting the window-to-wall ratio of the models 

with respect to the base model per (KWh) , Source: Author 

The final parameter adjusted that showed importance in reduction of energy in the literature 

review was the installation of the shading. The models underwent installing shading on 2/3rd 

of the windows in the western elevation in all the scenarios. Chart 6.5.17 indicated the annual 

reduction of energy consumed between the modified models and the base model. The reduction 

in KWh occurred in all models, having B1W-300 the most respondent model to reduction 

amongst all (a reduction of 407 KWh). 

 

Chart 6.5.17. The reduction occurred when placing the shading on the models with respect to 

the base model per (KWh), Source: Author 
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The models responded differently to each parameter adjusted. Nevertheless, according to Chart 

6.5.18, the most efficient parameter that obtained the highest annual energy reduction in all 

scenarios of the 3 models is the placement of shading. Shading recorded the highest reduction 

amongst all parameters, then glazing, orientation, and window-to wall ratio respectively. 

However, shading installation and glazing replacement are two parameters that can be modified 

in existing buildings in the studied area. 

 

Chart 6.5.18. Annual reduction of several parameters in relation to the base model (KWh), 

Source: Author 

When applying shading on 2/3rd of the windows, and changing the glazing type to low-e, Chart 

6.5.19 recorded the highest reduction occurred. The adjustment of shading and glazing proved 

efficient and highest reduction in cost and energy consumed in all the models. 
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Chart 6.5.19. Annual reduction of shading and glazing together in compared to other 

parameters (KWh), Source: Author 

According to Chart 6.5.20, the simulated parameters; shading and glazing recorded significant 

reduction in the cost; up-to 500 USD annually, 15000 USD per 30 years. 

 

 

Chart 6.5.20.Annual reduction in the glazed scenarios when adjusting the shading and glazing 

(KWh), Source: Author 
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In conclusion, many alternatives can be projected in order to reduce the energy consumption 

in the glazed spaces. Placing shading devices and replacing the glazing type is one method. 

However, the shading is a wide technology that has several concepts and characteristics; 

whether movable, static, horizontal, and vertical. Therefore, considering several types of 

shading in the future work on glazed balconies in the coast of Lebanon would be interesting. 

Nevertheless, architects and contractors should be aware of the impact of glazing in several 

aspects in the building (glazing type, window-to-wall ratio, and orientation) in order to design 

efficient buildings that abide by the climate of context rather than introducing alternatives to 

the building. 

6.6 Conclusion 

The glazed balconies perform differently in each scenario. By examining the three models and 

the three developed scenarios, it is noted that the balcony type and glazing area has a major 

impact on the energy consumed on cooling in the spaces. As the glazing area and exposure to 

the environment ratio increases, the need for cooling increases. This explains why the balcony 

surrounded by 1 wall recorded the highest cooling demand in the summer months. Although 

the glazed balcony resulted in high energy usage, when separated from the adjacent space it 

performs efficiently. The glazed balcony when separated from the adjacent living spaces 

creates a buffer zone and thus reduces the usage of cooling in the summer months in the 

adjacent space, whereas the glazed balcony records high-energy usage.  

The glazed balcony improves the performance of the adjacent spaces more than when the 

balcony is not glazed (1.3 times less). Moreover, the material of the glazing used in the 

buildings should be suitable for the climate put in. The U-value of the material used should be 

considered in the early phases in order to decrease the heat exchange and improve the thermal 

comfort.  

Briefly, the spontaneous trend of glazed balconies directly affects the cooling demand 

depending on the interior wall separation and balcony type.  If to reduce the cooling demand, 

the placement of shading and low-e glazing can efficiently decrease down to 10% of the annual 

cooling demand -from the heat pump (mini split wall-deco unit) with alternator compressor- 

disregarding the initial cost of implementation. 
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7. Projections and Conclusions 

This chapter summarizes the findings and offers projections for the glazed balconies in the 

“Corniche El Baher” area of the Lebanese coastal zone and Lebanese sea fronts. It seeks to 

answer the research questions raised in the thesis that could be set as a benchmark for the sea 

fronts of Lebanon with similar characteristics. Several methodologies were implemented in 

order to understand the impact of glazing on the cooling demand, the impact of the balcony 

type on glazed balconies, and the impact of glazed balconies on the adjacent space. The 

research type applied in the thesis is verifying by simulation. In order to answer the research 

questions, several simulations underwent using architectural software that estimate energy 

consumed.  

Upon the simulations underwent, it was clear that the chaotic trend of glazed balconies 

performs differently depending on the climate, orientation, balcony type, and glazing type. 

Through the recordings of the simulations and data analysis, it is indicated that the building 

material used in the “Corniche El Baher” area is not applicable for the climate of the area. The 

material allows excessive heat gains in the residential buildings due to the high U-value 

material, mainly glazing. Moreover, the orientation of the placement and area of glazing does 

not favor the indoor thermal comfort. These factors result in excessive electric operation, 

especially cooling to compensate the discomfort resulting from the glazing. 

In the glazed balconies, the balcony type and area of glazing exposure directly affect the energy 

consumed on cooling. The glazed cantilevered balcony proved to record the highest cooling 

demand amongst all balconies. The less the walls surrounding the balcony structure, the higher 

the energy consumed on cooling. 

The simulations also proved that there is no direct relation between the operational cooling and 

the area of the space need to be cooled. This is because when the interior wall separating the 

balcony from the adjacent space is removed, the cooling demand did not increase, whereas 

when the area of the glazing increased, the cooling demand increased.  

However, the space adjacent to the glazed balcony consumes less cooling demand that the 

space adjacent to a balcony. This explains the formation of the buffer zone between the adjacent 

space and glazed balcony that decreases the heat transfer to the interior spaces. When 

comparing the three scenarios: balcony, glazed balcony, and glazed balcony with wall removal, 

the highest cooling consumed is in the adjacent space to the balcony.  

The thesis indicated the importance of the effect of the balcony type on the cooling demand, 

which is minimal in the literature review and elaborated on the local spontaneous glazing trend. 
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Several projections and alternatives were introduced in order to decrease the energy consumed 

in existing buildings by which the instalment of shading recorded the highest decrease. 

However, the shading technology was not elaborated in the thesis due to the focus of the thesis. 

It would be interesting for further future work to experiment the effect of different shading 

technologies on the glazed balconies and cooling demand. Moreover, the initial cost of the 

installed shading devices compared to the cost in reduction of cooling could also be researched, 

in addition to the impact of shading on the vision to the outside.  

Moreover, the thesis only focused on the glazing material of the glazed balcony disregarding 

the glazing frame. The frame of the glazing directly affects the heat transfer in the interior 

space that would also be suggested as a further research study.  

This research proved the impact of glazed balconies and indicated the efficient and inefficient 

scenarios by simulation and validation. 

The thesis can be used as a benchmark that assesses the impact of glazed balconies in the sea 

fronts having similar climate characteristics and facing the western orientation. 
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Appendix A Balcony Model B1W-200 

In the following method, three models will be designed and simulated, having similar plans but 

each with a different balcony structure (surrounded by 1 wall, 2 walls, and 3 walls). Moreover, 

each model of the three models will undergo several variables to be simulated; when the 

balcony is glazed, when the balcony is glazed and the wall separating the balcony from the 

adjacent space is removed, and when the balcony is not glazed. All three models with their 3 

variables undergo similar steps. Therefore, in this section 1 model will be explored as a sample 

to other models (other models will be mentioned in the appendence). 

The buildings observed in “Corniche El Baher” area belong to the 70s era, where most of the 

buildings are not high-end or highly finished and constructed. The buildings in the specified 

area have their main elevation orientated to the west, to overlook the sea. Accordingly, most 

of the buildings are horizontally placed on the street having a glazed western façade.  

According to the mentioned data, a similar building typology will be modeled on Revit (2020). 

A typical plan will be designed, having balconies and horizontal façade overlooking the west 

orientation.  

Revit 2020 was used to design each model, since Revit is an architecture software that allows 

architects to design plans, and 3Ds. Revit has the plugin feature that allows energy analysis. 

Energy Plus is an energy engine of Revit which will be used to create energy models, and 

export heating and cooling report for each space of the model. Insight360 and Green Building 

Studio (GBS) are also Autodesk software and plugins on Revit, by which the model designed 

on Revit is energy analyzed on both Insight 360 and Green Building Studio which will further 

estimate cooling loads per month on the total model. 

The orientation will be the first variable, since the focus of the thesis is the glazed balconies 

overlooking the west orientation. However, the balconies are not only overlooking the west, 

but also the north-west, and south-west (since they are placed at the corners).  

These two orientations will be taken into consideration for each scenario- balcony structure. 

Moreover, the cooling demand will be the focus, thus only summer months will be considered 

during the analysis. Finally, the simulations will also consider the cooling demand when the 

balcony is not closed, when the balcony is closed and the interior wall is removed, and when 

the balcony is closed and the interior wall is not removed. When studying the cooling demands 

in the mentioned variable, it is a necessity to also include the cooling demand for the room 



ii 

 

adjacent to the balcony in order to record the impact of the glazed balcony on the adjacent 

spaces.  

The variables mentioned will result in having 3 models where each have 3 scenarios, in which 

they will be analyzed and assessed. The preliminary outcomes will be proposed in order to 

insert the data into Excel to create tables and charts for the ease of analyzing the data. 

The following is a sample of a repetitive method done on all three models. 

 A typical plan was designed on Revit having a balcony structure surrounded by only 1 wall 

(Figure 1). The balcony was located on the west orientation. The plan was designed according 

to the building typology, orientation, and appearance of the buildings found in the observation. 

 

Figure 1.Typical plan to be used for simulations for balcony structure surrounded by 1 wall 

overlooking the west orientation, Source: Author 

The thermal properties of the materials used in the model are similar to the properties used in 

the area (the properties that are usually used on the coast of Lebanon) (Figure 5.3.12) (Azmy 

& Elghamry, 2018; Annan, Ghaddar, & Ghali, 2014; Assaad, Habchi, Ghali, & Ghaddar, 

2018). 
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Figure 2.Thermal properties of materials used in the area, Source: Author 

The glazing used in the buildings is the single glazing (6mm single pane) that has a cheap price 

and a very high U-value. (U= 5.88 W/m2k). Moreover, the occupation of the apartment will 

also have to be identified to give further accuracy (Figure 5.3.23).  

 

Figure 6.6.1.Home occupancy, Source: Author 

The location was inserted; “Corniche El Baher Area”, and the weather station was chosen. 

According to the location indicated, two weather stations where observed, one near Joun area, 

and one in Jiyeh area, but knowing that Jiyeh is on the coast and similar to Saida city, therefore 

Jiyeh weather station was chosen. Joun is relatively higher than Saida, and therefore using the 

weather station will not give accurate results (Figure 5.3.34). 
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Figure 6.6.2.Location and weather station are identified, Source: Author 

The mentioned data will be similar for all models to be analyzed. The typical plan for this 

balcony structure will undergo several simulations for several variables to estimate the cooling 

load; balcony, glazed balcony, and glazed balcony with wall removed. The following sections 

will explore each scenario for the first model and mention the preliminary outcomes of each 

without analyzing them.  

For the first simulation of this balcony structure, the typical plan designed in Revit was used 

(Figure 1), true north was projected having the balconies overlooking the west orientation.  

In order to analyze the plan through energy software mentioned, room tags should be added to 

the spaces and spaces should be identified. Each space of the plan is identified by specifying 

the building type of each with the occupation, balcony, bathroom, bedroom, kitchen, etc… The 

occupation was inserted in the field of home occupancy.  

Now that the model is ready for energy simulation, the energy model is created, generated, and 

optimized, by which the analysis will result in Insight 360 and GBS (Figure 6.6.3). 
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Figure 6.6.3. Energy model is created, Source: Author 

Moreover, the report and schedule for heating and cooling generated by Energy Plus plugin in 

Revit can be exported, which shows the cooling demand for each space in the apartments. 

By generating the energy model, energy analysis of the model can be viewed and extracted by 

visiting Insight 360 website, and GBS website. Insight 360 and GBS will show detailed energy 

analysis on the model, and be easily extracted (Figure 6.6.4). GBS can allow to extract cooling 

demand for each month of the year.  

 

Figure 6.6.4.Insight360 project homepage, Source: Author, GBS 
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Figure 6.6.5. GBS project homepage, Source: Author, GBS 

In addition, GBS allows to modify certain variables and compare the cost between the base run 

(results of the model) with an alternative run (results of modified variables) (Figure 6.6.5).  

After the accessibility of Insight 360, GBS, and Energy plus, it is possible to go through the 

result, arranging the data, and start analyzing.  

The preliminary outcomes are the results extracted from Energy Plus, Insight 360, and GBS. 

As mentioned, the focus is on the balcony and the adjacent room, taking into consideration the 

spaces on the north-west and spaces on south-west. Table 1 indicates the cooling load for the 

balcony space located on the north-west orientation, resulting in 1672 Watts. Table 2 indicates 

the cooling demand for the living space that is adjacent to the balcony space on the north-west 

orientation, having 2766 Watts. 
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Table 1.Cooling Load report for balcony space located on the North-West orientation, 

Source: Author, REVIT 

 

Table 2. Cooling Load report for space adjacent to balcony located on the North-West 

orientation, Source: Author, REVIT 

Table 3 indicates the cooling load for the balcony space located on the south-west orientation, 

resulting in 1672 Watts. Table 4 indicates the cooling demand for the living space that is 

adjacent to the balcony space on the south-west orientation, having 2876 Watts. 
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Table 3. Cooling Load report for balcony space located on the South-West orientation, 

Source: Author, REVIT 

 

Table 4.Cooling Load report for space adjacent to balcony located on the South-West 

orientation, Source: Author, REVIT 

Insight360 obtains several energy results by which only the thesis concerned where selected to 

be further analyzed in the thesis. The first scenario (balcony) in the first model type (surrounded 

by 1 wall) has a mean cost of 21 USD per m2 annually (Figure 6.6.6). 
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Figure 6.6.6. Benchmark comparison between model and ASHRAE 20.1 and ASHAE 2030, 

Source: Author, INSIGHT360 

The following figures (Figure 6.6.7, Figure 6.6.8, Figure 6.6.9, and Figure 6.6.10) from 

Insight360 indicate several modifications and factors that have direct impact on energy 

consumed in the scenario. 

Figure 6.6.7 indicates the impact of orientation of the building, and mainly the balcony 

position, with respect to energy consumed, illustrating several modifications of orientation. 

Figure 6.6.8 shows  the different glazing types used in the model and how the energy 

consumed is affected.  
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Figure 6.6.7. Building orientation 

chart indicating orientation 

adjustments that reduces the cost 

/m2, Source: Author, 

INSIGHT360 

 

Figure 6.6.8. Chart indicating 

glazing types and their effect on 

cost consumed on energy, 

Source: Author, INSIGHT360 

 

Figure 6.6.9. Chart indicating 

difference in energy consumption 

when window to wall ratio is 

reduced (on the western facade) , 

Source: Author, INSIGHT360 

 

Figure 6.6.10. Chart indicating 

window shading and their effect 

on energy consumption, Source: 

Author, INSIGHT360 

 

Moreover, GBS was used to extract cooling loads per month for the whole apartment. Chart 

6.6.1, Chart 6.6.2, and Chart 6.6.3 represent the cooling demand (kWh) in the summer months; 

June, July, and August, respectively. 

 



xi 

 

 

Chart 6.6.1. Cooling load in 

June, Source: Author, 

INSIGHT360 

 

Chart 6.6.2. Cooling load 

in July, Source: Author, 

INSIGHT360 

 

Chart 6.6.3. Cooling load in 

August, Source: Author,  

 

According to the charts resulting from Insight360  (Figure 6.6.7, Figure 6.6.8, Figure 6.6.9, 

and Figure 6.6.10) , variables such as window-wall-ratio, orientation, glazing type, and 

shading, can be modified in GBS inorder to impact the performance of the enclosure and 
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result in reduction of enery consumption. The performancfe of both the base run and 

alternative run can be compared and modified to get the best result.  

 

Figure 6.6.11. Figure extracted from GBS indicating the ability to design alternatives and 

compare with base run, Source: Author, GBS 

After finishing the first scenario in the first model, the results can now be inserted in excel, and 

tables and charts can be excluded. Moreover, the other scenarios can be designed and simulated 

similarly to the first scenario. 

Appendix B Glazed Balcony Model; B1W-100 

The second simulation for the first model – balcony structure surrounded by 1 wall- is when 

the balcony is closed and glazed. The plan used for this simulation is the same typical used for 

the first simulation, but the balcony is glazed.  



xiii 

 

 

Figure 6.6.12. Plan used for second simulation having glazed balconies overlooking the west 

orientation, Source: Author 

Figure 6.6.12 was designed on Revit, similarly to the first simulation true north was projected 

having balconies overlooking the west, the thermal properties of the material used were 

inserted.  Room tags, spaces, building type, and occupancy where indicated. Location and 

weather station were also inserted. 

The model will be energy simulated, so energy model is created, generated, and optimized.  

 

Figure 6.6.13. Energy model for glazed balcony without wall removal is created, Source: 

Author 

When the energy model is created, results can be obtained from Energy Plus, Insight 360, and 

Green Building Studio. 
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The heating and cooling report indicated the cooling demand for the specified spaces; the 

glazed balcony and the adjacent space in the south-west and north-west orientation. Table 5 

and Table 6 indicate the cooling demand for the glazed balcony (2527 W) and the living space 

adjacent to the glazed balcony (2705 W) respectively on the north-west orientation.  

 

 

Table 5. Cooling Demand for glazed balcony on the North-west orientation, Source: Author, 

REVIT 
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Table 6. Cooling Demand for adjacent space to the glazed balcony on the North-west 

orientation, Source: Author, REVIT 

The south-west orientation resulted 2527W for cooling in the glazed balcony (Table 7), and 

2705 W in the living area (Table 8). 

 

Table 7. Cooling Demand for glazed balcony on the South-west orientation, Source: Author, 

REVIT 
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Table 8. Cooling Demand for adjacent space to the glazed balcony on the south -west 

orientation, Source: Author, REVIT 

Similar to the first scenario, Inisght360 compares the cost per m2 of the model and compares 

it with ASHRAE 90.1 as a benchmark (Figure 6.6.14), showing the difference between the 2.  

 

Figure 6.6.14. Benchmark comparison between model and ASHRAE 20.1 and ASHAE 2030, 

Source: Author, INSIGHT360 

The following figures (Figure 6.6.15, Figure 6.6.16, Figure 6.6.17, and Figure 6.6.18) are 

conducted from Insight360 that shows several modifications and factors that have direct impact 

on energy consumed in the scenario and benchmark comparison.  

Figure 6.6.15 indicates the impact of orientation of the building, and mainly the balcony 

position, with respect to energy consumed, showing how the consumption changes when the 

orientation is modified. Figure 6.6.16 shows the different glazing types used in the model and 

how the energy consumed is affected for each glazing type. 
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Figure 6.6.15. Building 

orientation chart indicating 

orientation adjustments that 

reduces the cost /m2, Source: 

Author, INSIGHT360 

 

Figure 6.6.16. Chart indicating 

glazing types and their effect on 

cost consumed on energy, Source: 

Author, INSIGHT360 

 

Figure 6.6.17. Chart indicating 

difference in energy consumption 

when window to wall ratio is 

reduced (on the western facade) , 

Source: Author, INSIGHT360 

 

Figure 6.6.18. Chart indicating 

window shading and their effect 

on energy consumption, Source: 

Author, INSIGHT360 

 

Finally, Chart 6.6.4, Chart 6.6.5, and Chart 6.6.6 are extracted from Green Building Studio 

indicating the space cooling demand for the model in months June, July, and August 

respectively. 
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Chart 6.6.4. Cooling load in 

June, Source: Author, GBS 

 

Chart 6.6.5. Cooling load in 

July, Source: Author, GBS 

 

Chart 6.6.6. Cooling load 

in August, Source: Author, 

GBS 

 

Appendix C Glazed Balcony with Wall Removal Simulation; B1W-300 

The third simulation for the first model – balcony structure surrounded by 1 wall- is when the 

balcony is closed and glazed, and the wall (glazed door) separating the balcony from the 

interior is removed, creating a large living space. The plan used for this simulation is the same 

typical used for the first, and second simulation, but the wall is removed. 

 

Figure 6.6.19. Plan used for third simulation having glazed balconies overlooking the west 

orientation and enlarged livable space, Source: Author 

Figure 6.6.19 was designed on Revit, similarly to the previous simulations true north was 

projected having balconies overlooking the west, the thermal properties of the material used 

were inserted. Room tags, spaces, building type, and occupancy where indicated. Location and 

weather station were also chosen. The model will be energy simulated, so energy model is 

created, generated, and optimized (Figure 6.6.20). 
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Figure 6.6.20. Energy model for glazed balcony when wall is removed, Source: Author 

Now that the energy model is created, results can be obtained from Energy Plus, Insight 360, 

and Green Building Studio. 

The heating and cooling report indicated the cooling demand for the specified spaces; the 

glazed balcony space and the adjacent space that is open to it; living and dining, in the south-

west and north-west orientation. Table 9 and Table 10 indicate the cooling demand for the 

glazed balcony (2532 W) and the living space adjacent to the glazed balcony (2678 W) 

respectively on the north-west orientation.  

 

Table 9. Cooling Demand for glazed balcony on the North-west orientation, Source: Author, 

REVIT 



xx 

 

 

Table 10. Cooling Demand for adjacent space to the glazed balcony on the North-west 

orientation, Source: Author, REVIT 

The south-west orientation resulted 2532 W for cooling in the glazed balcony (Table 11), and 

2786 W in the living area (Table 12). 

 

Table 11. Cooling Demand for glazed balcony on the South-west orientation, Source: Author, 

REVIT 
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Table 12. Cooling Demand for adjacent space to the glazed balcony on the south -west 

orientation, Source: Author, REVIT 

Similar to the previous scenarios, Inisght360 showed that the model has a 19.8 USD for every 

m2 annually, which is above the ASHRAE benchmark. (Figure 6.6.21) 

 

Figure 6.6.21. Benchmark comparison between model and ASHRAE 20.1 and ASHAE 2030, 

Source: Author, INISGHT360 

The following figures (Figure 6.6.22, Figure 6.6.23, Figure 6.6.24, and Figure 6.6.25) are 

conducted from Insight360 that shows several modifications and factors that have direct impact 

on energy consumed in the scenario and benchmark comparison.  
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Figure 6.6.22 indicates the impact of orientation of the building, and mainly the balcony 

position, with respect to energy consumed, showing how the consumption changes when the 

orientation is modified. Figure 6.6.23 shows the different glazing types used in the model and 

how the energy consumed is affected for each glazing type. 

 

Figure 6.6.22. Building orientation chart 

indicating orientation adjustments that reduces 

the cost /m2, Source: Author, INSIGHT360 

 

Figure 6.6.23. Chart indicating glazing types 

and their effect on cost consumed on energy, 

Source: Author, INSIGHT360 

 

Figure 6.6.24. Chart indicating difference in 

energy consumption when window to wall ratio 

is reduced (on the western facade) , Source: 

Author, INSIGHT360 

 

Figure 6.6.25. Chart indicating window 

shading and their effect on energy 

consumption, Source: Author, INSIGHT360 

 

Finally, Chart 6.6.7, Chart 6.6.8, and Chart 6.6.9 are extracted from Green Building Studio 

indicating the space cooling demand for the model in months June, July, and August 

respectively. 
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Chart 6.6.7. Cooling load in 

June, Source: Author 

 

Chart 6.6.8. Cooling load in 

July, Source: Author 

 

Chart 6.6.9. Cooling load in 

August, Source: Author 

 

 

Appendix D Balcony Simulation; B2W-200 

The second model is also designed on REVIT using the same plan as the first model with some 

modifications in order to design a balcony surrounded by 2 walls (Figure 1). The model will 

then be simulated into 3 scenarios where each scenario will examine several variables to 

estimate the cooling load; balcony, glazed balcony without removal of interior wall, and glazed 

balcony without the removal, having all balconies to be examined overlooking the west 

orientation. 
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Figure 6.6.26. Typical plan to be used for simulations for balcony structure surrounded by 2 

walls overlooking the west orientation, Source: Author 

For the first simulation of this structure, the plan was projected to true north having the 

balconies overlook the west orientation. The materials inserted in the model are the same 

material used in the area, where their thermal properties are inserted similar to the previous 

model; roof, walls, window frames, glazing type, and slabs. 

Room tags, spaces, building type, room type, and occupation where identified.  

For further accurate estimation, the location was identified – “Corniche El Baher Area”- and 

the weather station closest to the focus area was chosen. Now that the model is ready for energy 

simulation, the energy model is created, generated, and optimized, by which the analysis will 

result in Insight 360 and Green Building Studio. 
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Figure 6.6.27. Energy model is created, Source: Author 

Moreover, the report and schedule for heating and cooling generated by Energy Plus plugin in 

Revit can be exported, which shows the cooling demand for each space in the apartments. 

The preliminary outcomes of the second model’s first scenario are the results of the heating 

and cooling report, Insight 360, and Green Building Studio. Table 13 indicates the cooling load 

for the balcony space located on the north-west orientation, resulting in 1308 Watts. Table 14 

indicates the cooling demand for the living space that is adjacent to the balcony space on the 

north-west orientation, having 1944 Watts. 
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Table 13. Cooling Load report for balcony space located on the North-West orientation, 

Source: Author, REVIT 

 

Table 14. Cooling Load report for space adjacent to balcony located on the North-West 

orientation, Source: Author, REVIT 
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Table 15 indicates the cooling load for the balcony space located on the south-west orientation, 

resulting in 1341 Watts. Table 16 indicates the cooling demand for the living space that is 

adjacent to the balcony space on the south-west orientation, having 1985 Watts. 

 

Table 15. Cooling Load report for balcony space located on the South-West orientation, 

Source: Author, REVIT 
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Table 16. Cooling Load report for space adjacent to balcony located on the South-West 

orientation, Source: Author, REVIT 

Insight360 obtains several energy results by which only the thesis concerned where selected to 

be further analyzed in the thesis. The first scenario (balcony) in the second model type 

(surrounded by 2 walls) has a mean cost of 20 USD per m2 annually (Figure 6.6.28). 
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Figure 6.6.28. Benchmark comparison between model and ASHRAE 20.1 and ASHAE 2030, 

Source: Author, INSIGHT360 

The following figures (Figure 6.6.29, Figure 6.6.30, Figure 6.6.31, and Figure 6.6.32) from 

Insight360 indicate several modifications and factors that have direct impact on energy 

consumed in the scenario. 

Figure 6.6.29 indicates the impact of orientation of the building, and mainly the balcony 

position, with respect to energy consumed, illustrating several modifications of orientation. 

Figure 6.6.30 shows the different glazing types used in the model and how the energy 

consumed is affected.  
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Figure 6.6.29. Building orientation 

chart indicating orientation 

adjustments that reduces the cost 

/m2, Source: Author 

 

Figure 6.6.30. Chart indicating 

glazing types and their effect on 

cost consumed on energy, Source: 

Author 

 

Figure 6.6.31. Chart indicating 

difference in energy consumption 

when window to wall ratio is 

reduced (on the western facade) , 

Source: Author 

 

Figure 6.6.32. Chart indicating 

window shading and their effect 

on energy consumption, Source: 

Author 

 

Moreover, Green Building Studio was used to extract cooling loads per month for the whole 

apartment. Chart 6.6.10, Chart 6.6.11, and Chart 6.6.12 represent the cooling demand (kWh) 

in the summer months; June, July, and August, respectively. 
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Chart 6.6.10. Cooling load in June, Source: 

Author 

 

Chart 6.6.11. Cooling load in July, 

Source: Author 

 

Chart 6.6.12. Cooling load in August, Source: 

Author 

 

Appendix E Glazed Balcony Simulation; B2W-100 

The second simulation for the second model is when the balcony is closed and glazed, and the 

wall (glazed door) separating the balcony from the interior is not removed. The plan used for 
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this simulation is the same typical used for the first simulation (Figure ), but the balcony is 

glazed.  

 

Figure 6.6.33. Plan used for second simulation having glazed balconies overlooking the west 

orientation, Source: Author 

Figure 6.6.33 was designed on Revit, similar to previous simulations, all setting and 

modifications are applied to get accurate energy estimation for the selected area. The model 

will be energy simulated, so energy model is created, generated, and optimized (Figure 6.6.34).  

 

Figure 6.6.34. Energy model for glazed balcony without wall removal is created, Source: 

Author 
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When the energy model is created, results can be obtained from Energy Plus, Insight 360, and 

Green Building Studio. 

The heating and cooling report indicated the cooling demand for the specified spaces; the 

glazed balcony and the adjacent space in the south-west and north-west orientation. Table 17 

and Table 18 indicate the cooling demand for the glazed balcony (1818 W) and the living space 

adjacent to the glazed balcony (1948 W) respectively on the north-west orientation.  

 

 

Table 17. Cooling Demand for glazed balcony on the North-west orientation, Source: Author 
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Table 18. Cooling Demand for adjacent space to the glazed balcony on the North-west 

orientation, Source: Author 

The south-west orientation resulted 1862 W for cooling in the glazed balcony (Table 19), and 

1989 W in the living area (Table 20). 

 

Table 19. Cooling Demand for glazed balcony on the South-west orientation, Source: Author 
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Table 20. Cooling Demand for adjacent space to the glazed balcony on the south -west 

orientation, Source: Author 

Figure 6.6.35 is derived from Insight 360, indicating that the second scenario of the second 

model has a 19.4 USD cost for every m2 annually, and compares it with ASHRAE benchmark.  

 

 

Figure 6.6.35. Benchmark comparison between model and ASHRAE 20.1 and ASHAE 2030, 

Source: Author 
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The following figures (Figure 6.6.36, Figure 6.6.37, Figure 6.6.38, and Figure 6.6.39) are 

conducted from Insight360 that shows several modifications and factors that have direct impact 

on energy consumed in the scenario and benchmark comparison.  

Figure 6.6.36 indicates the impact of orientation of the building, and mainly the balcony 

position, with respect to energy consumed, showing how the consumption changes when the 

orientation is modified. Figure 6.6.37 shows the different glazing types used in the model and 

how the energy consumed is affected for each glazing type. 

 

Figure 6.6.36. Building orientation 

chart indicating orientation 

adjustments that reduces the cost 

/m2, Source: Author 

 

Figure 6.6.37. Chart indicating 

glazing types and their effect on 

cost consumed on energy, Source: 

Author 

 

Figure 6.6.38. Chart indicating 

difference in energy consumption 

when window to wall ratio is 

reduced (on the western facade) , 

Source: Author 

 

Figure 6.6.39. Chart indicating 

window shading and their effect on 

energy consumption, Source: 

Author 
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Finally, Chart 6.6.13, Chart 6.6.14, and Chart 6.6.15 are extracted from Green Building Studio 

indicating the space cooling demand for the model in months June, July, and August 

respectively. 

 

Chart 6.6.13. Cooling load in June, Source: 

Author 

 

Chart 6.6.14. Cooling load in July, Source: 

Author 

 

Chart 6.6.15. Cooling load in August, Source: 

Author 

 

Appendix F Balcony Surrounded by Three Walls Structure; B3W-200 

The third and final model is also designed on REVIT using the same plan as the first model 

with some modifications in order to design a balcony surrounded by 3 walls (Figure ). The 

model will also undergo 3 scenarios, similar to the previous model. 
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Figure 6.6.40. Typical plan to be used for simulations for balcony structure surrounded by 3 

walls overlooking the west orientation, Source: Author 

For the first simulation of this structure, the plan was projected to true north having the 

balconies overlook the west orientation. All modifications are done as previous models. Energy 

model is created (Figure 6.6.41). 

  

 

Figure 6.6.41. Energy model is created, Source: Author 

Moreover, the report and schedule for heating and cooling generated by Energy Plus plugin in 

Revit can be exported, which shows the cooling demand for each space in the apartments. 
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The preliminary outcomes of the third model’s first scenario are the results of the heating and 

cooling report, Insight 360, and Green Building Studio. Table 21 indicates the cooling load for 

the balcony space located on the north-west orientation, resulting in 832 Watts. Table 22 

indicates the cooling demand for the living space that is adjacent to the balcony space on the 

north-west orientation, having 2796 Watts. 

 

Table 21. Cooling Load report for balcony space located on the North-West orientation, 

Source: Author 
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Table 22. Cooling Load report for space adjacent to balcony located on the North-West 

orientation, Source: Author 

Table 23 indicates the cooling load for the balcony space located on the south-west orientation, 

resulting in 832 Watts. Table 24 indicates the cooling demand for the living space that is 

adjacent to the balcony space on the south-west orientation, having 2869 Watts. 

 

Table 23. Cooling Load report for balcony space located on the South-West orientation, 

Source: Author 
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Table 24. Cooling Load report for space adjacent to balcony located on the South-West 

orientation, Source: Author 

Insight360 obtains several energy results by which only the thesis concerned where selected to 

be further analyzed in the thesis. The first scenario (balcony) in the third model type 

(surrounded by 3 walls) has a mean cost of 19.6 USD per m2 annually (Figure 6.6.42). 
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Figure 6.6.42. Benchmark comparison between model and ASHRAE 20.1 and ASHAE 2030, 

Source: Author 

The following figures: Figure 6.6.43, Figure 6.6.44, Figure 6.6.45, and Figure 6.6.46, from 

Insight360 indicate several modifications and factors that have direct impact on energy 

consumed in the scenario. 

Figure 6.6.43 indicates the impact of orientation of the building, and mainly the balcony 

position, with respect to energy consumed, illustrating several modifications of orientation. 

Figure 6.6.44 shows the different glazing types used in the model and how the energy 

consumed is affected.  
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Figure 6.6.43. Building orientation 

chart indicating orientation 

adjustments that reduces the cost 

/m2, Source: Author 

 

Figure 6.6.44. Chart indicating 

glazing types and their effect on cost 

consumed on energy, Source: 

Author 

 

Figure 6.6.45. Chart indicating 

difference in energy consumption 

when window to wall ratio is 

reduced (on the western facade) , 

Source: Author 

 

Figure 6.6.46. Chart indicating 

window shading and their effect on 

energy consumption, Source: 

Author 

 

Moreover, Green Building Studio was used to extract cooling loads per month for the whole 

apartment. Chart 6.6.16, Chart 6.6.17, and Chart 6.6.18 represent the cooling demand (kWh) 

in the summer months; June, July, and August, respectively. 
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Chart 6.6.16. Cooling load in June, Source: 

Author 

 

Chart 6.6.17. Cooling load in July, 

Source: Author 

 

Chart 6.6.18. Cooling load in August, Source: 

Author 

 

Appendix G Glazed Balcony Simulation; B3W-100 

The second simulation for the third model is when the balcony is closed and glazed, and the 

wall (glazed door) separating the balcony from the interior is not removed. The plan used for 
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this simulation is the same typical used for the first simulation, but the balcony is glazed (Figure 

6.6.47).  

 

Figure 6.6.47. Plan used for second simulation having glazed balconies overlooking the west 

orientation, Source: Author 

Figure 6.6.47 was designed on Revit, similar to previous simulations, all setting and 

modifications are applied to get accurate energy estimation for the selected area. Energy model 

is created (Figure 6.6.48).  

 

Figure 6.6.48. Energy model for glazed balcony without wall removal is created, Source: 

Author 
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When the energy model is created, results can be obtained from Energy Plus, Insight 360, and 

Green Building Studio. 

The heating and cooling report indicated the cooling demand for the specified spaces; the 

glazed balcony and the adjacent space in the south-west and north-west orientation. Table 25 

and Table 26 indicate the cooling demand for the glazed balcony (1506 W) and the living space 

adjacent to the glazed balcony (1066 W) respectively on the north-west orientation.  

 

 

Table 25. Cooling Demand for glazed balcony on the North-west orientation, Source: Author 
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Table 26. Cooling Demand for adjacent space to the glazed balcony on the North-west 

orientation, Source: Author 

The south-west orientation resulted 1506 W for cooling in the glazed balcony (Table 27), and 

1066 W in the living area (Table 28). 

 

Table 27. Cooling Demand for glazed balcony on the South-west orientation, Source: Author 
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Table 28. Cooling Demand for adjacent space to the glazed balcony on the south -west 

orientation, Source: Author 

Figure 6.6.49 is derived from Insight 360, indicating that the second scenario of the second 

model has a 18.7 USD cost for every m2 annually, and compares it with ASHRAE benchmark.  
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Figure 6.6.49. Benchmark comparison between model and ASHRAE 20.1 and ASHAE 2030, 

Source: Author 

The following figures (Figure 6.6.50, Figure 6.6.51, Figure 6.6.52, and Figure 6.6.53) are 

conducted from Insight360 that shows several modifications and factors that have direct impact 

on energy consumed in the scenario and benchmark comparison.  

Figure 6.6.50 indicates the impact of orientation of the building, and mainly the balcony 

position, with respect to energy consumed, showing how the consumption changes when the 

orientation is modified. Figure 6.6.51 shows the different glazing types used in the model and 

how the energy consumed is affected for each glazing type. 

 

Figure 6.6.50. Building orientation chart 

indicating orientation adjustments that 

reduces the cost /m2, Source: Author 

 

Figure 6.6.51. Chart indicating glazing 

types and their effect on cost consumed on 

energy, Source: Author 
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Figure 6.6.52. Chart indicating difference 

in energy consumption when window to 

wall ratio is reduced (on the western 

facade) , Source: Author 

 

Figure 6.6.53. Chart indicating window 

shading and their effect on energy 

consumption, Source: Author 

 

Finally, Chart 6.6.19, Chart 6.6.20, and Chart 6.6.21 are extracted from Green Building Studio 

indicating the space cooling demand for the model in months June, July, and August 

respectively. 

 

Chart 6.6.19. Cooling load in June, Source: 

Author 

 

Chart 6.6.20. Cooling load in July, Source: 

Author 
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Chart 6.6.21. Cooling load in August, Source: 

Author 

 

Appendix H Glazed Balcony with Wall Removal Simulation; B3W-300 

The third simulation for the third model is when the balcony is closed and glazed, and the wall 

(glazed door) separating the balcony from the interior is removed, creating a large living space. 

Figure 6.6.54 is the plan used for this simulation. 

 

Figure 6.6.54. Plan used for third simulation having glazed balconies overlooking the west 

orientation and enlarged livable space, Source: Author 
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Figure 6.6.54 was designed on Revit, the model will be energy simulated, so energy model is 

created, generated, and optimized (Figure 6.6.55). 

 

Figure 6.6.55. Energy model for glazed balcony when wall is removed, Source: Author 

 

Now that the energy model is created, results can be obtained from Energy Plus, Insight 360, 

and Green Building Studio. 

The heating and cooling report indicated the cooling demand for the specified spaces; the 

glazed balcony space and the adjacent space that is open to it; living and dining, in the south-

west and north-west orientation. Table 29 and Table 30 indicate the cooling demand for the 

glazed balcony (1243 W) and the living space adjacent to the glazed balcony (1176W) 

respectively on the north-west orientation.  
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Table 29. Cooling Demand for glazed balcony on the North-west orientation, Source: Author 

 

Table 30. Cooling Demand for adjacent space to the glazed balcony on the North-west 

orientation, Source: Author 
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The south-west orientation resulted 1243 W for cooling in the glazed balcony (Table 31), and 

1176 W in the living area (Table 32).

 

Table 31. Cooling Demand for glazed balcony on the South-west orientation, Source: Author 
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Table 32. Cooling Demand for adjacent space to the glazed balcony on the south -west 

orientation, Source: Author 

Inisght360 showed that the model has a 18.7 USD for every m2 annually, which is above the 

ASHRAE benchmark (Figure 6.6.56). 

 

Figure 6.6.56. Benchmark comparison between model and ASHRAE 20.1 and ASHAE 2030, 

Source: Author 

Appendix I Glazed Balcony with Wall Removal Simulation; B2W-300 

The third simulation for the second model is when the balcony is closed and glazed, and the 

wall (glazed door) separating the balcony from the interior is removed, creating a large living 

space. The plan used for this simulation is the same typical used for the first, and second 

simulation but the wall is removed (Figure 6.6.57). 
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Figure 6.6.57. Plan used for third simulation having glazed balconies overlooking the west 

orientation and enlarged livable space, Source: Author 

Figure 6.6.57 was designed on Revit, the model will be energy simulated, so energy model is 

created, generated, and optimized (Figure 6.6.58). 

 

 

Figure 6.6.58. Energy model for glazed balcony when wall is removed, Source: Author 

 

Now that the energy model is created, results can be obtained from Energy Plus, Insight 360, 

and Green Building Studio. 
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The heating and cooling report indicated the cooling demand for the specified spaces; the 

glazed balcony space and the adjacent space that is open to it; living and dining, in the south-

west and north-west orientation. Table 33 and Table 34 indicate the cooling demand for the 

glazed balcony (4025 W) and the living space adjacent to the glazed balcony (1026 W) 

respectively on the north-west orientation.  

 

 

Table 33. Cooling Demand for glazed balcony on the North-west orientation, Source: Author 
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Table 34. Cooling Demand for adjacent space to the glazed balcony on the North-west 

orientation, Source: Author 

The south-west orientation resulted 4081 W for cooling in the glazed balcony (Table 35), and 

1079 W in the living area (Table 36). 

 

Table 35. Cooling Demand for glazed balcony on the South-west orientation, Source: Author 
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Table 36. Cooling Demand for adjacent space to the glazed balcony on the south -west 

orientation, Source: Author 

Inisght360 showed that the model has a 19.3 USD for every m2 annually, which is above the 

ASHRAE benchmark. (Figure6.6.59) 
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Figure6.6.59. Benchmark comparison between model and ASHRAE 20.1 and ASHAE 2030, 

Source: Author 

 

The following figures (Figure 6.6.60, Figure 6.6.61, Figure 6.6.62, and Figure 6.6.63) are 

conducted from Insight360 that shows several modifications and factors that have direct impact 

on energy consumed in the scenario and benchmark comparison.  

Figure 6.6.60 indicates the impact of orientation of the building, and mainly the balcony 

position, with respect to energy consumed, showing how the consumption changes when the 

orientation is modified. Figure 6.6.61 shows the different glazing types used in the model and 

how the energy consumed is affected for each glazing type. 
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Figure 6.6.60. Building orientation 

chart indicating orientation 

adjustments that reduces the cost 

/m2, Source: Author 

 

Figure 6.6.61. Chart indicating 

glazing types and their effect on cost 

consumed on energy, Source: 

Author 

 

Figure 6.6.62. Chart indicating 

difference in energy consumption 

when window to wall ratio is 

reduced (on the western facade) , 

Source: Author 

 

Figure 6.6.63. Chart indicating 

window shading and their effect on 

energy consumption, Source: 

Author 

 

Finally, Chart 6.6.22, Chart 6.6.23, and Chart 6.6.24 are extracted from Green Building Studio 

indicating the space cooling demand for the model in months June, July, and August 

respectively. 
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Chart 6.6.22. Cooling load in June, Source: 

Author 

 

Chart 6.6.23. Cooling load in July, Source: 

Author 

 

Chart 6.6.24. Cooling load in August, Source: 

Author, Source: Author 

 

 

Appendix J B1W-100 Glazed Balcony Surrounded by 1 Wall 

The following section will analyze the recoding of the glazed balcony in the model having 

balcony surrounded by 1 wall. The analysis will include the total energy consumed in the 

model, and the energy consumed specifically in the glazed balcony and adjacent space. 
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Moreover, several modified parameters will be discussed in order to maintain energy reduction 

and comfort in the spaces. 

The results of the energy simulation done on the glazed balcony surrounded by 1 wall model 

showed high cooling demand in the summer months (June, July, and August).  Chart 6.6.25 

indicates the space cooling for the whole apartment in the model. The space cooling for the 

balcony surrounded by 1 wall model recorded high demand in the month of August (1792.9 

Kwh). This demand -the cooling demand excluding other equipment used- is higher than the 

US standard for the whole apartment 860 KWh by 2 times (Bimenyimana, Osarumwense 

Asemota, Ihirwe, & Li, 2018; Stoy & Kytzia, 2006). 

 

 

Chart 6.6.25. Chart indicating cooling demand per month (KWh) , Source: Author 

Amongst the space cooling demand recorded from Chart 6.6.25, the glazed balcony recorded 

a significant share. Chart 6.6.26 indicates the cooling demand for the glazed spaces only and 

the space adjacent (living space) to maintain a comfort indoor. Both orientation; the north-west 

and south-west have similar cooling demand, having the south-west slightly higher (Chart 

6.6.26). 
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Chart 6.6.26.Chart indicating the cooling demand in south-west and north-west orientation, 

Source: Author 

The glazed balconies need a peak of 1819 KWh cooling in summer months in order to achieve 

indoor comfort (Chart 6.6.26). Whereas, the heating demand needed in the winter months is a 

maximum of 1318 KWh (Appendix B). The cooling and heating demand of the glazed balcony 

are relatively high compared to the standard. This is due to several parameters; glazing type 

and balcony type. The glazing type in the model is single glazing 6mm pane which has a very 

high U-value and thus results in excessive heat gain in the summer and heat transfer. The 

glazing type allows heat transfer in summer resulting in high temperature in the glazed balcony, 

and allows heat in the interior space to transfer to the outdoor in the winter, thus both demand 

will be increased to improve indoor quality and comfort. Moreover, the balcony type has a high 

exposure from three elevation and thus does not provide a barrier or insulation to the outdoor.  

Accordingly, the model has a result of 4352 USD annual electric usage of which the cooling 

demand accounts for 31.4% of the total energy usage (Figure 6.6.64). 

However, during day time, in winter months, and there is direct solar radiation on the glazed 

balcony, the area is heated rapidly and allows comfort for few hours during the day without 

heating demand. According to Figure 6.6.64, the heating accounts for 1.1% of the total electric 

demand which corroborates with the literature that states the impact of glazing in cold climates. 
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Figure 6.6.64. Annual Electric energy Use for Balcony surrounded by 1 wall model having 

glazed balconies, Source: Author 

Accordingly, in order to reduce the cooling demand, several scenarios where tested by which 

parameters where modified in order to analyze how the variables are affecting the cooling 

demand in the spaces and achieve efficient results. Scenarios where created according to the 

Insight 360 charts (Appendix B). In order to examine the impact on each orientation, glazing, 

window-to-wall ratio, and shading on the energy consumed and annual energy cost, each 

variable is compared with the base run of the results of the model to achieve reduction on 

cooling and energy consumption. 

Figure 6.6.65 shows when the model is rotated 90°; when the balconies are placed on the North 

elevation rather than on the western. The energy usage was reduced by 1516 Kwh and cost was 

reduced by 182 USD annually.   

 

Figure 6.6.65. Modified orientation VS Base run, Source: Author 

When the single pane 6mm glazing was replaced by a low-e glazing for hot climate, the 

reduction was 120 USD and 519 KWh annually. Both mentioned modifications; glazing, and 

orientation, did not make a recognizable impact on the cost neither energy consumed. 
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Moreover, the price of replacing the glazing type with low-e is more than the savings in 30 

years (3600 USD) (Figure 6.6.66). 

 

Figure 6.6.66. Modified glazing type VS Base run, Source: Author 

When the shading devices are put on windows to cover 2/3 of the window, there was a 

reduction in coast by 389 USD annually, almost 12000 USD in 30 years (Figure 6.6.67). But, 

when the window-to-wall ratio was reduced to 30% on the west and southern elevations, there 

was a slight decrease in the energy consumed (95 USD annually) (Figure 6.6.68). 

 

Figure 6.6.67. Shade Modification VS Base run, Source: Author 
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Figure 6.6.68. WWR modification VS Base run, Source: Author  

Briefly, according to Table 37, the highest reduction occurred when the shading was inserted 

on 2/3 of the glazing. Reducing the solar radiation by shading recorded efficient results that 

replacing the glazing type. 

BALCONY 

TYPE 

MODE

L 

BASE RUN WWR 
ORIENTATI

ON 
GLAZING SHADING 

  
COS

T 

KW

H 

COS

T 

KW

H 

COS

T 
KWH 

COS

T 

KW

H 

COS

T 

KW

H 

B1W 100 

 $   

4,35

2  

3829

3 

 $   

4,25

7  

3785

7 

 $   

4,170  

3677

7 

 $   

4,23

2  

3777

4 

 $   

3,96

3  

3472

6 

 

B1

W-

100  

REDUCTI

ON       1.13% 4% 1.30% 9.30%   

Table 37. Table indicating percentage of reduction of each modification in relation to the base 

run, Source: Author 

However, since the examined phenomenon is in an existing building, and the possibility to 

decrease window-to-wall ratio or orientation of the building is not possible, then Figure 6.3.1 

shows the result of the scenario when both the glazing and shading are modified. Shading and 

glazing are the only modifications that can be implemented in any existing building. The 

scenario proves that when the shading is 2/3 the window and glazing type is low-e, a reduction 

of up to 470 USD annually, 14000 USD lifecycle reduction (30year) can be attained (Figure 

6.6.69), with a reduction of cooling demand (28.8% instead of 31.4%) (Figure 6.6.70). 
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Figure 6.6.69. Modification of Shading and Glazing VS Base run, Source: Author 

 

Figure 6.6.70. Cooling for Shading and Glazing, Source: Author 

When having a glazed balcony in a balcony surrounded by 1 wall structure, the glazed space 

will perform efficiently in winter creating a greenhouse effect, however, it is very energy 

consuming in summer. The most efficient modification to reduce the cooling demand in an 

existing building is to not only replace the single pane glazing with a low-e, but also shade the 

openings to 2/3 to prevent solar gain. However, if in the design phase, placing the glazing on 

the northern façade rather than the western can help prevent heat gain and thus cooling demand. 

Appendix K B2W-100 Glazed Balcony Surrounded by 2 Wall 

This section will analyze the results of the glazed balcony and adjacent space in model having 

balcony surrounded by 2 walls. The heating and cooling demand will be discussed focusing on 

the impact of glazing on the glazed balcony space. Moreover, modifications will be projected 

emphasizing on the most efficient parameter. 
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Similar to the previous model, the balcony surrounded by 2 wall model indicated high energy 

usage in summer months. However, when observing the recordings of the heating demand 

versus the cooling demand (Chart 6.6.27), it is noted that the heating demand is almost minimal 

compared to the cooling. This ensures that the material used in the apartments, and the U-value 

used in Saida, Corniche El Baher area, is not specifically suitable for the climate of the context. 

The thermal characteristics of the material used perform efficiently in the cold months rather 

than in the hot months.  

 

Chart 6.6.27.Annual heating demand VS cooling in the model, Source: Author 

Chart 6.6.28 indicates the cooling demand per month in summer in the glazed balcony and 

adjacent space in the north-west and south-west orientations. The graph indicates a higher 

recordings in the south-west orientation than the north-west similar to the previous model. This 

corroborates with the literature that states the higher energy demand in the southern and 

western orientations. 
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Chart 6.6.28.Cooling demand for the glazed balcony and the adjacent space in the north-west 

and south-west orientation , Source: Author 

In the south-west and north-west orientation, the adjacent spaces (living) recorded higher 

cooling demand than the glazed balcony (Chart 6.6.28). Although both recordings; the glazed 

balcony and adjacent space are significantly higher than the US standard. 

This collected data will be further analyzed and compared with the model having no balcony 

enclosure to discuss the impact of the glazing on the glazed spaces, and also the impact of 

glazed spaces on the adjacent spaces. 

According to the high energy demand induced from the graphs, several scenarios were done 

with modifications in several parameters in order to compare with the base model and analyze 

the most efficient parameter. 

The base model consumes 42084 KWh; 4321 USD annually. According to Figure 6.6.71, when 

rotating the building, having the main façade overlooking the north elevation, a decrease of 

5.3% occurred (4092 USD). 
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Figure 6.6.71. Rotation modification VS Base run, North orientation VS West orientation, 

Source: Author 

Moreover, when the single pane clear 6mm glazing was replaced by low-e glazing, a decrease 

of up-to 3.6% was conducted (4165 USD) (Figure 6.6.72). 

 

Figure 6.6.72. Glazing modification VS Base run, Source: Author 

Shading 2/3 of the windows led to a decrease of up-to 8% (3978 USD) (Figure 6.6.73). 

Whereas, decreasing the window-to-wall ratio to 30% was not efficient since it led to an 

increase in the cooling demand, since some of the elevations already had less than 30% (Figure 

6.6.74). 
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Figure 6.6.73. Shading modification VS Base run, Source: Author 

 

Figure 6.6.74.WWR modification VS Base run, Source: Author 

BALCONY 

TYPE 
MODEL 

BASE RUN WWR ORIENTATION GLAZING SHADING 
  

COST KWH COST KWH COST KWH COST KWH COST KWH 

B2W 100 
 $   

4,321  
42084 

 $   

4,772  
46416 

 $   

4,096  
40166 

 $   

4,165  
41042 

 $   

3,978  
38948 

 

B2W-

100  

REDUCTION       110.00% 5% 2.50% 7.45%   

Table 38.Table indicating percentage of reduction per parameter in relation to the base run, 

Source: Author 

According to Table 38, amongst all the modifications done on the model, the shading showed 

the highest efficiency and energy reduction (7.45%). 
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However, since as mentioned in the previous section, the only applicable parameters to existing 

buildings is placing shading and replacing the glazing type, therefore, a scenario including both 

parameters is done. 

The mentioned scenario led to a decrease of up-to 10% from the annual cost and energy 

consumption (Figure 6.6.75). The cooling demand in the model decreased from 27.2% to 

24.6% (Figure 6.6.76). 

 

 

Figure 6.6.75. Shading and Glazing, Source: Author 

 

Figure 6.6.76. Cooling decrease when shading and glazing are changed, Source: Author 

In the balcony surrounded by 2 walls, the glazed balcony imposed minimal to heating demand, 

especially during the day time, compared to the cooling demand in the summer months. The 

cooling demand in the glazed balcony and adjacent space exceeded the US standard for energy 
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consumption. The results of the glazed balcony surrounded by 2 walls will be further compared 

to other models in order to derive the impact of glazed balconies on the adjacent space, the 

impact of glazed balconies on cooling, and the impact of balcony type on the cooling demand 

and energy usage. 

Appendix L B3W-100 Glazed Balcony Surrounded by 3 Walls 

The following section will analyze the impact of glazing on the balcony surrounded by 3 walls 

model. The cooling and heating demand of the glazed balcony and adjacent space will be 

discussed. Scenarios indicating several modifications in order to decrease the energy 

consumption will be presented and compared to the base run. 

The last scenario of the first model is when the balcony is glazed in a 3 wall surrounded balcony 

structure (loggia). Similar to the previous sections, the building material and balcony enclosure 

assured that the performance in the cold months is better than in the summer months (Error! 

eference source not found.Chart 6.6.29), especially that the cooling demand in the summer 

months is more than 1800KWh (Chart 6.6.30). 

 

Chart 6.6.29.Graph indicating cooling demand VS heating in the balcony surrounded by 3 wall 

structure, Source: Author 
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Chart 6.6.30.Cooling demand per month (KWh) , Source: Author 

According to Chart 6.6.31 the cooling demand in the glazed balcony in both orientations north-

west and south-west has similar results. The living area adjacent to the glazed balcony shows 

a lower cooling recording (1066 KWh) than the glazed balcony (1506 KWh) (Chart 6.6.31). 

 

Chart 6.6.31.cooling demand for glazed balcony surrounded by 3 walls, 

Source: Author 

In order to decrease the high cooling demand, several scenarios where created; placing shading 

on 2/3 of the window, replacing the glazing with low-e, rotating the building 90°, and reducing 

the window-to-wall ratio to 30% (Figure 6.6.77, Figure 6.6.78, Figure 6.6.79, and Figure 

6.6.80).  
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Figure 6.6.77. Shading Placement VS Base Run, Source: Author 

 

Figure 6.6.78. Glazing modification VS Base run, Source: Author 
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Figure 6.6.79.Orientation adjustment VS Base run, Source: Author 

 

Figure 6.6.80.WWR adjustment VS Base run, Source: Author 

The results of the scenarios showed that the most efficient parameters where placing shading 

devices (a decrease of 7.2 %), and changing the orientation of the building by placing the glazed 

balconies to the north elevation (a decrease of 7 %). Whereas adjusting the orientation and 
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replacing the glazing type, tended to increase the energy consumed by 1% (according to Table 

39). 

BALCON

Y TYPE 

MOD

EL 

BASE 

RUN 
WWR 

ORIENTATI

ON 
GLAZING SHADING 

  
COS
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KW
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COS
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KW
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COS
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KW

H 

COS

T 

KW

H 

COS

T 

KW

H 

B3W 100 

 $   

4,57

6  

435

64 

 $   

4,56

2  

440

73 

 $   

4,224  

4061

6 

 $   

4,60

0  

442

42 

 $   

4,23

2  

404

12 

 

B3

W-

100  

REDUCTI

ON       101% 7% 101% 7.20%   

Table 39. Table indicating the percentage of several parameters in relation to the base run, 

Source: Author 

Concerning the applicable parameters to the existing buildings in the area, inserting shading 

on the windows is the only applicable parameters amongst the ones mentioned that can be 

applied. Placing shading devices to cover 2/3 of the window resulted in the reduction of energy 

consumed, especially cooling; from 28.4% to 26.3% (Figure 6.6.81). 

 

Figure 6.6.81.Space cooling decrease to 26.3%, Source: Author 

In conclusion, similar to the previous models, the scenario showed high energy usage 

especially on cooling. However, the scenario indicated opposing results concerning the 
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alternative parameters. When the glazing is changed to low-e, the reduction in energy 

consumption didn’t occur. The only efficient and applicable parameter was the shading. This 

scenario will be compared to other models, in order to further target the thesis objectives and 

answer the research questions. 

Appendix M B1W-300 Glazed Balcony Surrounded by 1 Wall Model 

The following section presents the reading and analysis of the scenario having glazed balcony 

surrounded by 1 wall and the interior wall is removed. In this scenario, the cooling demand 

will be analyzed as the sum of the glazed balcony and interior space since they are one enlarged 

space that demands energy usage. The section will pass upon the cooling and energy usage in 

the model, and project several modifications in order to reduce energy consumption. 

In this model, the simulation of total energy usage per month indicated a high range between 

space cooling and heating, having space cooling extremely higher than heating according to 

Chart 6.6.32 and Chart 6.6.33. The space cooling usage recorded a maximum of 1400 KWh, 

whereas the maximum heating recorded was 40 KWh. The high cooling usage is because of 

the exposure given by the balcony type which provides high direct solar radiation. Moreover, 

the cooling will have to be provided for a large area (glazed balcony and living), unlike 

previous models. 

 

 

Chart 6.6.32.Graph indicating space heating 

per month, Source: Author 

 

Chart 6.6.33.Graph indicating space cooling 

per month, Source: Author 

 

The cooling provided in the enlarged space; glazed balcony and living, records a sum of 

3829KWh in the peak summer months (according to Table 40 and Chart 6.6.34). The demand 

is 4 times above the US monthly standard (860 KWh) of the whole residential model 

(Bimenyimana, Osarumwense Asemota, Ihirwe, & Li, 2018; Stoy & Kytzia, 2006). 
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Chart 6.6.34. Chart indicating the cooling 

demand in the glazed balcony and adjacent 

space in the north-west and south-west 

orientations, Source: Author 

 

 

 

Table 40. Table indicating the cooling 

demand for the glazed balcony and 

adjacent space, Source: Author 

 

 

The north-west and south-west orientations showed similar results with a slight increase in the 

cooling demand in the south-west orientation, this is because of the heat gains induced from 

the direct solar radiation from the west and south (Table 40). 

In order to decrease the energy usage especially on cooling, the parameters; orientation, 

shading, glazing, and window-to-wall ratio are simulated. Modifying the, orientation, glazing, 

and window to wall ratio, recorded similar results; a decrease by 3%, 1%, and 2% respectively 

(Figure 6.6.82, Figure 6.6.83, and Figure 6.6.85).  

 

Figure 6.6.82.North Orientation VS Base run, Source: Author 
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Figure 6.6.83.Glazing adjustment VS Base run, Source: Author 

 

Figure 6.6.84.Shading placement VS Base run, Source: Author 
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Figure 6.6.85.WWR adjustment VS Base run, Source: Author 

Whereas, shading 2/3 of the windows decreased the energy usage by 9.3% (Figure 6.6.84).  

According to Table 41, the most efficient parameter that allowed significant reduction on 

energy usage was the placement of shading. However, replacing the glazing by low-e recorded 

the minimum decrease (1%). 
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ORIENTATI
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GLAZING SHADING 

  
COS
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KW
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COS
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COS
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KW
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COS

T 

KW

H 

B1W 300 

 $   

4,45

1  

400

64 

 $   

4,33

5  

393

12 

 $         

4,319  

3895

5 

 $   

4,33

6  

396

82 

 $   

4,04

4  

363

16 

 

B1

W-

300  

REDUCTI

ON       2% 3% 1% 9.30%   

Table 41.Table indicating the percentage of reduction with respect to the base run, Source: 

Author 

Chart 6.6.35 and Chart 6.6.36indicate the difference in the space cooling percentage in each 

the base run and the model when the shading is placed. Adjusting the shading only, achieved a 

decrease in the annual cooling demand by 2.6% (Chart 6.6.35 and Chart 6.6.36). 
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Chart 6.6.35. Annual Electric End Use in 

Base Run , Source: Author 

 

Chart 6.6.36. Annual Electric End Use in 

Alternative ( Shading) , Source: Author 

 

In conclusion, the model showed high energy usage and space cooling referring to the enlarged 

space that needs cooling and the direct contact with the environment that result in excessive 

heat gain in the summer months. Shading 2/3rd of the windows is the most efficient low cost 

and applicable method to be applied on existing buildings. The recordings will be further 

compared to other models in order to deduce the efficient and inefficient model. 

Appendix N B2W-300 Glazed Balcony Surrounded by 2 Walls Model 

The following section presents and analyzes the recording of the model having a balcony 

surrounded with 2 walls and enlarged glazed space. The energy usage, space cooling and 

heating of the space area discussed, focusing on the cooling demand in the balcony enclosure.  

Chart 6.6.37 and Chart 6.6.38 indicate the space cooling and heating in the model per month 

(KWh). 

In the model having a glazed balcony surrounded by 2 walls, the space cooling exceeded 1500 

KWh in the summer months, whereas in the winter it reached up-to 50 KWh (Chart 6.6.37 and 

Chart 6.6.38). 
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Chart 6.6.37.Space Heating for model having 

glazed balcony surrounded by 2 walls, 

Source: Author 

 

Chart 6.6.38.Space Cooling for model 

having glazed balcony surrounded by 2 

walls, Source: Author 

 

Specifically in the glazed space; glazed balcony and living area, the cooling demand reached 

up-to 3700 KWh in the summer months (Table 42 and Chart 6.6.39). This cooling demand is 

extremely high compared to US standards and costs up-to to 333$ per month. This cost is spent 

only cooling the glazed and living area having 0.09 USD / kWh. 

 

Chart 6.6.39. Chart indicating cooling demand, 

Source: Author 

 

 

 

Table 42. Cooling demand in glazed space 

and living area, Source: Author 

 

In order to reduce this cost, similar to the methods applied on the previous scenarios, several 

variables were modified in order to identify the most efficient parameter that can reduce the 

cost on space cooling.  Shading, glazing, and rotation decreased the energy demand by 7%, 

2.4%, and 4% respectively (Figure 6.6.86, Figure 6.6.87, and Figure 6.6.88). However, 

changing the window-to wall ratio to 30% relatively didn’t make any reduction, rather slightly 

increased the demand 1% (Figure 6.6.89).  
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Figure 6.6.86.Placement of shading VS Base run, Source: Author 

 

Figure 6.6.87.Replacement of glazing VS Base run, Source: Author 
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Figure 6.6.88.Modified orientation VS Base run, Source: Author 

 

Figure 6.6.89.Modified WWR VS Base run, Source: Author 

According to Table 43, the most efficient parameter was the placement of shading, followed 

by the adjustment of orientation to the north rather than the west, and then the glazing.  
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MODEL 
BASE RUN WWR ORIENTATION GLAZING SHADING 

#NAME? 
COST KWH COST KWH COST KWH COST KWH COST KWH 

300 
 $   

4,303  
42716 

 $   

4,345  
43270 

 $         

4,135  
40949 

 $   

4,146  
41683 

 $   

3,980  
39659 

 B2W-

300  

      101% 4% 2% 7.00%   

Table 43.Table indicating the reduction percentage with respect to the base run of several 

parameters, Source: Author 

Adjusting the glazing and placing shades on the windows together, achieved a reduction of up-

to 10%, and a reduction in the cooling demand from 26.6% to 23.9% (Figure 6.6.90, Chart 

6.6.40, and Chart 6.6.41). 

 

Figure 6.6.90.Adjustment of shading and glazing VS Base run, Source: Author 
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Chart 6.6.40. Base run electric use, 

Source: Author 

 

Chart 6.6.41.Alternative model 

electric use, Source: Author 

In conclusion, the model underwent several reading of recordings in terms of cooling and 

heating in the space model and in the glazed space. Several parameters were modified in order 

to obtain the efficient parameter. Shading and glazing showed reduced recordings and can be 

obtained in existing buildings. 

Appendix O B3W-300 Glazed Balcony Surrounded by 3 Walls Model 

In the model having an glazed balcony surrounded by 3 walls, similarly, the cooling demand 

is by far higher than the heating demand, this corresponds to the thermal properties of material 

used and design of buildings (Chart 6.6.42 and Chart 6.6.43).  
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Chart 6.6.42.Space Heating for model 

having glazed balcony surrounded by 3 

walls, Source: Author 

 

Chart 6.6.43.Space Heating for model having 

glazed balcony surrounded by 3 walls, 

Source: Author 

The cooling demand in the glazed balcony in the north-west and south-west orientation is 

similar having an energy usage of 1741 KWh, costing 156$ per month in order to achieve 

indoor comfort in the glazed space.  

 

Chart 6.6.44. Cooling demand in glazed space, 

Source: Author 

 

 

 

 

Table 44. table indicating cooling 

demand in glazed space, Source: Author 

 

 

Similar to previous models, variables where modified in order to decrease energy intake. Figure 

6.6.91, Figure 6.6.92, Figure 6.6.93, and Figure 6.6.94 indicate the shading, glazing, 

orientation, and window-to-wall ratio parameters respectively compared to the base run. 
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Figure 6.6.91.Shading Placement VS Base run, Source: Author 

 

Figure 6.6.92.Glazing replacement VS Base run, Source: Author 
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Figure 6.6.93.Rotation adjustment VS Base run, Source: Author 

 

Figure 6.6.94.WWR adjustment VS Base run, Source: Author 

Table 45 shows that the most efficient variable was shading, which decreased the energy 

demand by 7.5% (Figure 6.6.91).  

 

 



xcii 

 

BALCON

Y TYPE 

MOD

EL 

BASE RUN WWR 
ORIENTATI

ON 
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COS

T 

KW

H 

COS

T 

KW
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COS
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KW
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COS

T 

KW
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COS

T 

KW

H 

B3W 300 

 $   

4,46

1  

4316

9 

 $   

4,40

5  

4258

4 

 $         

4,209  

4097

5 

 $   

4,32

9  

4225

0 

 $   

4,12

6  

3995

9 

 

B3

W-

300  

REDUCTI

ON       1% 5% 2% 7.50%   

Table 45.Table indicating reduction percentage of several parameters with respect to the base 

run, Source: Author 

However, when adjusting shading and glazing, since they are variables that can be adjusted in 

an existing building, a decrease of 9% was achieved (Figure 6.6.95) and a decrease of 2.6% 

specifically on the cooling demand (Chart 6.6.45 and Chart 6.6.46). 

 

Figure 6.6.95.Shading and glazing adjustment VS Base run, Source: Author 
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Chart 6.6.45.Base run electric end 

use, Source: Author 

 

Chart 6.6.46. Alternative electric 

end use, Source: Author 

In conclusion, similar to the previous models, the balcony surrounded by 3 walls recorded high 

energy usage and high cooling usage, whereas the heating was minimal. The model was mostly 

respondent to the shading coefficient. Moreover, when glazing and shading were adjusted 

together, the reduction was recorded per energy use and per cooling specifically.   

 

 

Figure 6.6.96. Building orientation 

chart indicating orientation 

adjustments that reduces the cost /m2, 

Source: Author 

 

Figure 6.6.97. Chart indicating glazing 

types and their effect on cost consumed 

on energy, Source: Author 
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Figure 6.6.98. Chart indicating 

difference in energy consumption 

when window to wall ratio is reduced 

(on the western facade) , Source: 

Author 

 

Figure 6.6.99. Chart indicating window 

shading and their effect on energy 

consumption, Source: Author 

 

Finally, Chart 6.6.47, Chart 6.6.48, and Chart 6.6.49 are extracted from Green Building Studio 

indicating the space cooling demand for the model in months June, July, and August 

respectively. 

 

Chart 6.6.47. Cooling load in June, Source: 

Author 

 

Chart 6.6.48. Cooling load in July, Source: 

Author 
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Chart 6.6.49. Cooling load in August, Source: 

Author 

 

 

 

 

 

 




