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A B S T R A C T 

 

        Recently, the strategy of adaptation of the local climate 

change and site conditions is always an important issue that 

faces the decision makers, especially reducing energy 

consumption. Governments have great efforts in reducing the 

amount of carbon dioxide as greenhouse gas emission that is 

released into the atmosphere.  

In Egypt, temperatures in summer increase because of the 

intense solar radiation. Thermal environment of office 

buildings is deemed significant to enhance the quality of life. 

The research focuses on how smart glass affect energy 

consumption in office buildings while still getting the most 

natural light. Additionally, the study uses New- Cairo Egypt 

as it considers location. In this study, seven different types of 

glazing are compared and used in office building to see which 

one works best in this regard, in addition to study the effect of 

smart glass on increasing energy efficiency by using the 

simulation tool Energy Plus-Design Builder. Results show 

thermo-chromic and Sega glazing achieved the best results in 

reducing cooling energy consumption and enhancing CO2 

Emissions. Moreover, the total energy consumption for 

cooling of the building decreased by 47.5% than the single 

clear glazing. 
      

 

                                          © 2023 Modern Academy Ltd. All rights reserved

 

1. Introduction 

        In fact, environmental and energy problems are the most critical challenges in the world. Climate 

change is a cause of great concern due to rising temperatures around the world. Therefore, reducing energy 

consumption is the best solution. In hot and dry countries, the outer skin of the building conducts a 

significant amount of heat into the building [1]. The exterior skin plays an important role in the energy 

efficiency of buildings. Windows are a key factor in the heat transferring between indoor and outdoor, 

therefore, a suitable window system is one of the most important energy efficiencies. In many studies, the 

influence of exterior skin of the building such as walls, windows, and roofs on the cooling energy demand 

of the buildings has investigated. For adaptation of the buildings with climate change windows should have 

different properties. The ideal window is one that reflects all infrared (including solar and ambient) and 

Ultraviolet (UV), lets in all visible light, and is completely transparent to internal infrared [2]. 

Egypt is facing significant challenges in office buildings’ energy consumption. It was found that these 

buildings consume 40% of total energy thereto in air and water treatment, lighting 37%, office equipment 
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12%, while remaining 11% is used in construction and manufacture of building materials [3]. However, 

office buildings require expensive cooling systems, which leads to significant increase in energy 

consumption in summer. Rising energy prices led to the need for turning to performance assessment tools 

and green building (GB) rating systems to address energy challenges in Egypt and to evaluate and improve 

buildings energy performance. 

2. Research Objective 

    In this study, we tested an office building using Energy plus software to determine the most suitable and 

intelligent glazing option for office buildings with the primary aim of reducing CO2 emissions and 

improving the building’s energy efficiency. Energy analysis of an office building in Cairo was performed 

with advanced simulation using Design Builder software. In this case study, the performance of seven 

different types of glass as (Double Argon Low E: 4mm low E glass- 16 mm Argon- 4mm clear glass , 

Single low-E coating 6mm, Thermochromic Glazing , Double Aerogel glazing: 6mm glass- 16 mm granular 

aerogel- 6mm glass, Glazing Integrated Photovoltaics, Sage-Glass Double Glazing and Single clear glazing 

3mm) on the facade of an office building in all orientation was analyzed.  

 Additionally, these energy-saving techniques were suggested in this study using various type of glazing 

techniques, which significantly increased the studied office building's energy efficiency. This paper 

examines the impact of the functioning of advance smart glazing in the energy consumption for office 

buildings and compares it with clear glazing in Egypt by simulating the building with all orientation to 

record solar gain, cooling energy consumption and Co2 Emissions. 

3. Literature Review 

3.1. Egypt’s Climate Conditions 
According to the world climate classification, Egypt is in a dry region [4]. Solar energy is abundant in Egypt. It enjoys 

solar radiation of 2000-3200 kWh/m2/year [5]. The duration of sunshine is approximately 9-11 hours per day, 

depending on Egypt's particular location in the Sun Belt region [5]. However, Egypt's desert conditions also lead to 

high summer temperatures and high dust levels, both of which have negative effects on solar technologies. They can 

lead to rapid deterioration of solar equipment. Despite these challenges, solar technology could be widely used 

throughout Egypt [6]. The three months with the most precipitation, January, December, and February, each had 47 

mm. With an average of 18 mm, January is the month with the most precipitation. Cairo receives 74 mm of 

precipitation each year. Cairo's yearly mean temperature is 27 °C. The year's warmest month, July, has an average 

temperature of 33°C. The coldest month in Cairo is typically January when the average high is 19°C. The difference 

in temperature between July, the hottest month, and January, the coldest month, is 14°C. The highest amount of 

precipitation occurred in January, and the least amount occurred in September, a difference of 18mm as shown in    

Fig. 1. 
 

 

 

Fig 1. The Climate Graph of Cairo, Egypt (http://www.cairo.climatemps.com) 

http://www.cairo.climatemps.com/
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3.2. Thermal properties of Window glazing types 

The Solar Heat Gain Coefficient (SHGC), which ranges from 0 to 1, [7] measures the amount of solar 

radiation that enters a space through fenestration and radiates heat into space. A lower SHGC value is 

preferable. [6]. The characteristics that are most heavily focused on when designing windows are the U-

value, solar heat gain coefficient (SHGC), visual transmittance (VT), and air leakage. [8] These numbers 

vary widely and are entirely determined by the kind of window. However, installing a window with low 

SHGC and U-values is the most popular wish. Additionally, it must have apparent transmittance level (VT) 

[9]. Thermal properties of window glazing types like:  

U-Value/ Thermal transmittance a measure of the efficiency of heat transmission through the 

fenestration; the lower the U-value, the better, the unit of measurement is W/m²K [10]. 

R-value- is the inverse of thermal conductivity or the ability of a material to resist heat flow, the unit of 

measurement is K m²/W. 

Visible Light Transmission- The percentage of visible light that passes through the glass. The higher the 

VLT percentage, the more daylight. Also known as Tv, Tvis and LT. it is also measured perpendicular to 

the surface in the wavelength interval 380-780 nm [11]. 

Window to Wall Ratio (WWR)-The window-to-wall ratio (WWR) plays an important role in improving 

building design in terms of energy demand. It is observed that the higher the percentage, the higher the 

cooling load value [12]. 

3.3.Glazing Components 

The thermal response of a window is governed by the physical characteristics of its parts. Any changes to 

the window's design alter one or more of these heat transfer modes, which in turn has an impact on the 

window's overall U-value., e.g., A decrease in the window's overall U-value is seen as a result of adding an 

additional glass layer, which lessens heat transfer through conduction [13]. According to Bitaab et al. [14], 

increasing the air gap from 12 to 21 mm reduces energy loss through the window by 5.1%. The thickness 

of the glass, the quantity of layers, and the type of insulation used in the space between the glass layers are 

all related to similar benefits. Common glazing types/variations include the following: [15] 

• Glass thickness.  

• Numbers of layers.   

• Interspace gap.  

• Filled gas/airspace insulation medium. 

Fig. 2 illustrated how each of the three modes occurs through a window. Conduction occurs through the 

window frame and glass panes. While radiation happens through every component of the window, 

convection only occurs between the layers of glass or on top of glass panes [16]. 

 

Fig 2. Heat loss mechanism demonstrated in a double-glazed window [16] 
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3.4.Smart Glazing  

Smart glass technology is available in both passive and active forms. Either photochromic (light-sensitive) 

or thermochromic (heat-sensitive) materials serve as the functional layer in passive technologies [17]. They 

are referred to as passive because they respond automatically to changes in the sun's UV rays or radiant 

heat [18]. Users cannot change tint or opacity, but an electrical charge is not necessary [19], as shown in 

Fig.3. 

 

Fig 3. The smart glass category includes both passive and active technologies [18] 

Smart windows, smart insulation, smart façades, smart systems, and smart technological equipment 

solutions like smart management systems are just a few examples of the technological innovations used in 

the construction of "smart envelopes," which are designed to provide the best conditions for users in terms 

of thermal comfort, indoor wellbeing, effective energy conservation, and effective use of the environment. 

A smart envelope's adaptive response could be passive, active, or a combination of the two. There is no 

interference from occupants during passive reactions [20]. 

The three types of chromic (thermochromic, photochromic, and electrochromic) devices that make up 

dynamic smart glazing units are suspended particle devices, liquid crystal devices, and chromic devices. 

They can also be separated into active and passive glazing, as shown in Fig. 3. Active glazing systems can 

be managed by a building management system (BMS) that responds to occupant demands and 

environmental changes. EC glazing provides better protection from solar and UV radiation than SPD and 

LCD glazing. Passive glazing systems do not need electrical stimuli; they change their properties 

themselves due to natural stimuli (e.g., heat and light). The prior art on the chromogenic and other 

technologies. Fig. 4 shows that photochromics, thermochromics, thermotropics, gasochromics and 

electrochromic which are the most promising for using in smart windows classification [21]. 

 

Fig 4. Dynamic glazing classification [21] 

3.5.Sage Glass Description 

Saint-Gobain Group's Sage Glass is an inventive electrochromic glass product. By adding adaptive, clever, 

and more efficient glazing to buildings, it transforms them much more than just using conventional glass 
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options. This dynamic glass gradually changes from clear to tinted (and back again) while staying 

transparent by using a low voltage current. This guarantees the greatest level of comfort for those using the 

building and allows for the control of light, heat, and glare without ever obstructing the view of the outside. 

With Sage Glass, you can manually or automatically change the tint thanks to a control system. Automatic 

mode is the most efficient for controlling energy use. After a set period, such as 30 minutes, the system 

switches to automatic mode [22]. Fig. 5 shows Smart Glazing types. 

 

Fig 5. Smart Glazing types [22]  

3.6.Advanced glazing technology 

Presently available glazing technologies typically fall into three categories: highly insulating glazing, 

electricity-generating glazing and optically switchable (or smart) glazing as shown in Fig. 6 [23]. 

 

 

Fig 6. Categories of advanced glazing technologies [23] 

The common glass-related materials are covered in this section. In the sections that follow, we'll talk 

about photochromic materials, thermochromic and thermotropic materials, electrochromic materials, 

nanocrystal in-glass, and electrokinetic pixel window technology [24], As illustrated in table 1. 

Table 1. Conventional glazing materials 

Materials 

Photochromic materials 

[25] 

 

 

When exposed to ultraviolet and shortwave 

visible radiation, organic and inorganic 

compounds undergo a reversible color change 

known as the photochromism phenomenon. This 

phenomenon was first observed at the end of the 

19th century.  
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Thermochromic and 

thermotropic materials 

[26] 

Smart windows based on thermochromic 

materials can regulate the amount of solar 

radiation that enters a building by changing color 

in response to changes in the ambient 

temperature.  

Gaso-chromic materials 

[27] 

With gas chromic windows, it may be possible 

to combine the use of renewable energy with 

user comfort. 

 

Electrochromic 

materials 

(Sage Glass Description) 

[28] 

 

An electrochromic window unit is made up of 

two glass substrates and a few microns thick 

five-layer coating (transparent conductive, 

electrochromic donor, ion conductive 

electrolyte, electrochromic host, and transparent 

conductive).  

Nanocrystal in-glass 

[29] 

The most promising electrochromic new 

technology now is the nanocrystal in-glass 

composite window. 

 

Electrokinetic pixel 

window technology 

[30,31] 

The system employs two planar electrodes, 

controlling an electrophoretic dispersion of 

particles of 2 biprimary, complementary colors 

characterized by opposite electrical charges. 
 

 

 

4. Methodology:  

This study is divided into two parts: 

4.1. Theoretical approach: Analysis of the different types of smart glazing including examination of the 

building envelope components' specifications used in office building, as well as the results of several 

earlier studies that found ways to utilize less energy and decrease Co2 emissions. 

4.2. Practical Methodology: The practical approach was adapted by using the user-friendly environmental 

modelling program "Design Builder," which specializes in simulating energy usage, Energy Plus 

calculations use various data handling techniques and are based on ASHRAE definitions. Analysis of 

comparison and evaluation of their efficiency in achieving thermal comfort standards and energy 

consumption when adapting the cooling loads of the base case and the suggested smart glazing cases. 

The research methodology is outlined in the following chart. First, the office building was selected as 

the activity building. Next, the main goals of the study were established, including reducing solar heat 

gain through various types of glazing, increasing energy efficiency, and lowering carbon footprint. The 

most recent data on the climate region was obtained using Climate Consult, and Energy Plus (Design 

Builder V.7) was used to simulate the use of electricity and determine the range of CO2, as shown in 

Figure7. 

The evaluation and simulation performed on a model of an office building in New Cairo. The researchers 

simulated various glass types "according to previous results" that can increase energy consumption for the 

envelope of the building. The adaptation of the various glazing types (Single low-E coating 6mm, Double 

clear glazing: 6mm clear glass-12 mm air -6mm clear glass, Double Argon Low E: 4mm low E glass- 16 

mm Argon- 4mm clear glass, Thermochromic Glazing, Sage-Glass Double Glazing, Glazing Integrated 
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Photovoltaics), recording the results of each element separately, and comparing them in terms of energy 

efficiency.  

 

Fig 7. Methodology of the research 

4.3.Case Study Description  

The case study is situated near the Cairo Airport and has a semi-square layout, Fig. 8 shows its location. 

The structure consists of five regular floors and a basement; the first floor is for commercial use, and the 

top four floors are used as offices. The office building was constructed in 2018 and is situated in the 5th 

settlement of North 90th Street in New Cairo. The first four floors' glazing is clear, transparent single 

glazing with no thermal break. 

The lack of natural ventilation and the large external glass surfaces used in current office buildings influence 

the air quality and thermal comfort of employees, which has an effect on their health, productivity, and 

adaptability. Based on this, a proposed office building with about 85% single-glazed surface area was 

chosen as the case study. Figs. 9,10, 11,12 depict the building model made by the simulation program tools. 

[32,33]. As a result, the occupants of this building experience a thermal burden, necessitating the extensive 

use of mechanical technologies to provide thermal comfort.  
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Fig 8. Lay-out and 3D view for the case study (Design Builder Software) 

  

Fig 9. Internal plan for the case study (Design Builder Software) 

  

Fig 10. View of South façade, North facade (Design Builder Software) 

  

 

 

                           

Fig 11. View of Axonometric of the building, a-South, b-East facade (Design Builder Software) 

 

 

 

a-  

b-  
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4.4.Input Data 

Design-Builder dialogues allow loading data into the model spaces (Activity, Construction, Openings, 

Lighting, HVAC, Outputs, and CFD dialogues). Activity dialogues define building usage data, including 

data on occupancy, internal temperature set points, equipment loads and schedules, ventilation rates, and 

illuminance levels. Lighting dialogues identify lighting power densities for general and task lighting. 

Construction dialogues identify generic construction data; opening dialogues identify fenestration data and 

glazing type [34]. Tables 2,3 summarize this data.  

Table 2.  Design Value for simulation input parameters in Design Builder. 

Project Name 781 office building 

Building type Office 

Owner UPM Group and others are renting out offices. 

Total Simulated area 50X120 M2 

Window to wall ratio 80-95% 

Transmittance degree 10-40% 

Illuminance set point  500 LUX 

Lighting density 6.4 W/m2 (by consuming 5 Lamps each one using 40 watt/hour) 

HVAC Temperature 24 0C 

Occupancy 4 persons:3 men and 1 woman (0.16 person /m2) 

Lighting density 6.4 W/m2 (by using 4 Lamps each lamp consumes 40 watt/hr) 

Equipment The office room contain 4 lab tops and 1 printer consume 550 watt/hr. 

 

Table 3. The proposed wall types of alternatives 

Walls Ground Floor Slab 

  

Roof Slab Typical Floor Slab 
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5. Case Study Simulation 

For one of the office buildings in New Cairo, simulation was done because office buildings typically require 

natural light and cooling. The simulation's output was broken down for solar gain, efficient cooling energy 

consumption, daylight saving, and light cargo to estimate how stylishly different types of glazing perform 

in comparison to transparent glazing. Fig. 13 shows the adaptation of Saga Double Glazing and their 

relationship with their annual saving energy. Where it is quite clear that the most effective optimization 

was the Saga Double Glazing by the 25% energy consumption, and table 4 shows Glazing types and Values. 

Table 4. Glazing types and Values 

 Glass type and description U-value SHGC VLT 

1 Single clear 6mm 5.778 0.819 0.811 

 Single low-E coating 6mm 3.447 0.65 0.84 

2 Double clear glazing: 6mm clear glass-12 

mm air -6mm clear glass 

2.685 

 

0.703 

 

0.781 

 

3 Double Argon Low E: 4mm low E glass- 16 

mm Argon- 4mm clear glass 

1.548 

 

0.587 

 

0.761 

 

4 Double Aerogel glazing: 6mm glass- 16 

mm granular aerogel- 6mm glass 

0.21 

 

0.42 

 

0.520 

 

5 Thermochromic Glazing 2.130 0.569 0.578 

6 Sage-Glass Double Glazing 1.267 0.287 0.393 

7 Glazing Integrated Photovoltaics 5.894 0.861 0.898 

6. Results and Discussion 

6.1.Types of glazing's impact on cooling energy efficiency at all orientations 

Each type of glass' annual total energy consumption for cooling was calculated and expressed in kWh/m2. 

The peak of the cooling energy consumption curve occurs in July and August as a result of the increased 

solar radiation entering the office building through its walls. 
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Fig 12. parameters of the adaptation for the case study 

For cooling, energy is currently in high demand in Upper Egypt. The results of the monthly cooling energy 

usage for all types of smart glass in comparison to clear glass 3 mm are shown in table 5. Energy use 

increases in the summer because cooling load requirements grow. The Thermochromic, Sage-Glass Double 

Glazing and Glazing Integrated Photovoltaics significantly reduces the heat from the sun, reducing the need 

for the air conditioner. In all viewpoints, it can be shown that Thermochromic and Sage-Glass Double 

Glazing uses less cooling energy than clear glass. When compared to single glazing, cooling demand is 

reduced by adapting double aerogel and double argon low E windows, however there are some differences 

between the double-glazing types. Additionally, Single low-E coating glass required more cooling energy 

in the summer than other varieties of glass because of an increase in the transmission of solar radiation.  

 

The design-builder's internal gain analyses determined the energy consumption rates for things like office 

electricity, lighting, cooling, domestic hot water, and heating. DHW stands for energy needed to heat the 

water, which is determined by the number of office rooms and dwelling units, the type of water heater, the 

distribution system, the fuel type, and the amount of heated floor space. In order to compare the various 

glazing types, as shown in Table 5, the monthly fuel breakdown charts in the design-builder were used. In 

the context of the internal gain, some numbers were incomprehensible, but they were viewed as 

inconsequential in the scheme of the overall results. By simulating all the types of smart glazing as shown 

in Fig. 14, the tests conducted illustrated that the Sage-Glass Double Glazing consumed the least energy 

(152615 kWh), followed by the Thermochromic Glazing (154674kWh) with minor differences. On the 

other hand, the Single clear glazing 6mm had the highest consumption rate (250674 kWh) with an obvious 

difference, as illustrated in Fig. 15. 

 



Shaimaa H. et al./ The International Journal for Engineering and Modern Science- IJEMS 2(1) (2023) 22011 

pg. 12 

 

Table 5. Fuel total of Type of glazing in Design Builder Simulation tool 

Double Argon Low E: 4mm low E glass- 16 mm 

Argon- 4mm clear glass 

Single low-E coating 6mm 

 

 
 

The annual average amount of Electricity 160298 kWh The annual average amount of Electricity 164377 kWh 

Thermochromic Glazing Double Aerogel glazing: 6mm glass- 16 mm granular 

aerogel- 6mm glass 

  
The annual averag amount of Electricity 154674 kWh The annual averag amount of Electricity 160298 kWh 

Glazing Integrated Photovoltaics Sage-Glass Double Glazing 

 

 

The annual averag amount of Electricity 156469 

kWh 
The annual averag amount of Electricity 

152615 kWh 
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Fig 13. Cooling loads for the different type of glazing (Design Builder Software) 

 

Fig 14. Total Energy consumption Comparison of single clear glazing and saga double glazing (Design Builder Software) 

 

6.2.Effect of Glazing types on Solar Gain at all orientations 

Effect of glazing types on solar gain for windows of different types of advanced glazing, the results show 

that Thermochromic glazing, double aerogel glazing, and saga Glass double glazing achieve better results 

with a little difference comparing to other types, up to 75% reduction in solar gain exterior window. Using 

double argon low E almost gives results less than single low E coating, up to 35% reduction in solar gain. 

From Fig. 16 that shows the results of solar gain exterior window for single glazing compared to selected 

types of advanced glazing, critical results for these cases are obtained. The results are less efficient when 

using Glazing Integrated Photovoltaics and thermochromic glazing SHG=85% and 50% respectively 

findings compared to the base case with single clear glazing. The amount of heat gained has dramatically 

increased with single clear glazing 3mm with (186973.5 kWh) due to higher thermal transfer by window 

glazing’s while the Sage-Glass Double Glazing , Double Aerogel glazing: 6mm glass- 16 mm granular 

aerogel- 6mm glass, Double Argon Low E: 4mm low E glass- 16 mm Argon- 4mm clear glass and Single 

low-E coating 6mm with 69807 kWh, 65464 kWh, 105728 kWh1520100kWh respectively, as shown in 

Figs. 17, 18, and Fig. 19 shows solar Gain Exterior Window for all glazing types. 
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Fig 15. Solar Gains Exterior Window for the Glazing integrated photovoltaics and Single Low E 

  

Fig 16. Solar Gains Exterior Window for Double Aerogel glazing and Double Argon LOW E glazing (Design Builder Software) 

  

Fig 17. Solar Gains Exterior Window for the Thermochromic glazing and SaGA Glass Double Glazing (Design Builder 

Software) 
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Fig 18. Solar Gain Exterior Window for the optimization of glazing types. 

 

6.3.Effect of Glazing types on Co2 Emissions at all orientations 

Glass production CO2 emissions are now a significant source of building CO2 emissions, which has 

garnered much more attention [35]. Based on the building's fuel consumption for the HVAC system and 

the operation of other activities like running lights and computer equipment, a carbon dioxide analysis has 

been done for the seven types of glazing used in the research. The analysis of both the highest emitting 

month and the annual average revealed that the Sage-Glass Double Glazing and the Thermochromic 

Glazing have the lowest emissions. On the other hand, the Single clear glazing 6mm, as shown in table 6, 

had the highest emission. 

Even though the widespread use of Double Aerogel glazing: 6mm glass- 16 mm granular aerogel- 6mm 

glass achieve 90757kg and Sage-Glass Double Glazing 8840.55 insulating glass units in earlier generations 

of buildings significantly reduced CO2 Emissions while the single clear glazing achieve the highest value 

of CO2 emissions with 127319 kg as shown in Fig. 20. 

Additionally, the CO2 emissions levels were reduced by an annual average of 78% after using Sage-Glass 

Double Glazing. This shows that Sage-Glass Double Glazing could be considered a very effective strategy 

in CO2 emissions reduction.  

By deducting the performance of a baseline building with single-glazed windows, glazing-dependent 

building energy consumption and CO2 emission were examined. CO2 savings because of advanced glazing 

is more than a factor of two higher in summer months than in winter months in Egypt. 

A Significant impact of reducing the Cooling loads (kWh) was achieved due to developing the Glazing 

system that stemmed in reducing glass (SHGC), U-value, and increasing Light Transmission Values (LT). 

Fig. 21 shows the outcomes of the skilled adaptation for each criterion: 

 

• Energy Conservation and Reduction of the Environmental Factors: Owing to mixed mode 

ventilation in the advanced glazing systems, energy conservation is provided because of reducing 

the usage of mechanical air conditioning systems. And the advanced glazing type protects the 

building against external factors.  

 

• Carbon footprint Reduction: Efficient advanced Glazing can reduce Carbon Footprint for the 

building, now that they have an additional tool, engineers and specifiers can lessen the 

environmental footprint impact of the building they are designing. 
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• Increase Building Value: By requiring less heating, cooling, and ventilation, smart glass lowers 

energy expenses. By choosing the Blackout state, which prevents structures from overheating, it 

lessens the need for these by blocking 99% of light. 

 

• Thermal Comfort aims: Using smart applications and cutting-edge technologies that integrate 

with communication technology within building components, smart architecture helps to achieve 

the thermal comfort Development Goals. 

The selection of the best glazing is a difficult process that is influenced by several factors, not just thermal 

and optical characteristics. Table 7 shows some of the key performance criteria for smart control glass. 

Table 6. Type of glazing in Design Builder Simulation tool 

 Double Argon Low E: 4mm low E glass- 16 mm Argon- 

4mm clear glass 

 

 
 

The annual average Co2 emissions is 97140 kg. 

 Glazing Integrated Photovoltaics 

 

 

 

 

 

The annual average Co2 emissions is 98284 kg. 

 

 

 

Double Aerogel glazing: 6mm glass- 16 mm granular 

aerogel- 6mm glass 

 

 

 

 

 

 

 

The annual average Co2 emissions is 90757 kg. 
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 Sage-Glass Double Glazing 

 

 

 
 

The annual average Co2 emissions is 8840.55 kg. 

 

 

 

Thermochromic Glazing 

 

The annual average Co2 emissions is 93732 kg. 

 

 

Single low-E coating 6mm 

 

The annual average Co2 emissions is 99612 kg. 

 Single Glazing clear 3mm 

 

 

The annual average Co2 emissions is 97319 kg. 
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Fig 19. Comparison for Carbon dioxide produced in the building due to operation during one year for the different types of 

glazing. 

 

Fig 20. Result of adaptation of different glazing type on sustainable approach. 

 

7. Conclusion 

The development of glass façades and the rise in office buildings over the past ten years have had an effect 

on both the indoor and outdoor climate. This analysis highlights some of the most crucial ideas regarding 

how much energy is used by buildings.  Building performance can be improved by choosing and using the 

proper type of building glazing at an early stage of the design process.  

According to the findings, a building can use up to 25% of its total energy load for cooling load through 

type of advanced glazing in office building, so the influence of the building envelope on energy 

consumption should not be disregarded. By using Sage-Glass Double Glazing and Thermochromic Glazing 

can successfully reduce solar transmission through windows and its detrimental impact on building energy 

consumption and CO2 Emissions.  

 

 

Single clear 3mm

Single low-E coating
6mm

Glazing Integrated
Photovoltaics

Double Argon Low E:
4mm low E glass- 16

mm Argon- 4mm clear…

Double Aerogel glazing:
6mm glass- 16 mm
granular aerogel-…

Thermochromic Glazing

Sage-Glass Double
Glazing

Co2 Emissions kg
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Table 7. key performance criteria for smart control glass. 
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Single Glazing clear 3mm 
       ✓     ✓   

Single low-E coating 6mm 
✓   ✓    ✓ ✓ ✓      

Glazing Integrated 

Photovoltaics 

✓ ✓   ✓ 

 

✓         

Double Argon Low E: 

4mm low E glass- 16 mm 

Argon- 4mm clear glass 

✓   ✓    ✓     ✓ ✓ ✓ 

Double Aerogel glazing: 

6mm glass- 16 mm 

granular aerogel- 6mm 

glass 

✓ ✓   ✓  ✓ ✓ ✓   ✓ ✓ ✓ ✓ 

Thermochromic Glazing 
✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Sage-Glass Double 

Glazing 

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

 

 

On another hand using Double Argon Low E: 4mm low E glass- 16 mm Argon- 4mm clear glazing and 

Double Aerogel glazing: 6mm glass- 16 mm granular aerogel- 6mm glazing almost give very close results 

in reduction of cooling loads compared to the base case. Additionally, Single clear 3mm glazing represents 

the worst choice for cooling loads demand, which is not give much effect on cooling loads.  
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Appendix  

List of Abbreviations 

•   Green building (GB)  

• Solar Heat Gain Coefficient (SHGC), 

• visual transmittance (VT) 

• Ultraviolet (UV) 

• Thermal transmittance (U-Value) 

• Temperature difference per unit of heat flux (R-value) 

• Visible Light Transmission(VLT) 

• Window to Wall Ratio (WWR) 

• Building management system (BMS) 

• Suspended particle devices (SPD) 

• Liquid crystal devices (LCD) 

• Electrochromic devices (EC) 

• Thermochromic glazing 

https://designbuilder.co/
https://en.wikipedia.org/wiki/Heat_flux

