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ABSTRACT

This study investigated the effect of different glazing types with various window orientations and
Window to Wall Ratio WWR (10%, and 20%) on energy consumption in a typical room in an office building
located in the hot climatic conditions of Aswan, Egypt. This case study was modelled and evaluated using
Design Builder software to attain acceptable environmental performance for the study case while also
investigating its impact on the amount of energy required for cooling, lighting, and heating. The research
revealed that using an embedded nanogel layer between two layers of argon and two layers of single transparent
glazing with (WWR=10%) resulted in a significant reduction in total annual energy use for all directions (North,
West, South, and East), saving 3.66 %, 12.71 %, 6.51 %, and 4.18 % respectively when compared to a single
layer of clear glass (3 mm). Furthermore, the results show that utilizing an integrated nanogel layer between two
layers of argon and two layers of single transparent glazing has about the same efficiency as WWR=10% when
WWR=20%. The study went into further depth to assist decision-makers by using the Pugh matrix to determine
the optimum glazing among the proposed glazing types according to several studied criteria. It was discovered
that utilizing an integrated nanogel layer between two layers of argon and two layers of single transparent
glazing gave the best outcomes, obtaining a score of 3.54, which was higher than any score for the other
proposed glazing types.
Keywords: Energy Efficiency; Nanogel Glazing; Building Orientations; Window to Wall Ratio; Pugh Matrix.

1. INTRODUCTION about 25% of the energy utilized for street
lighting[2] as well as their efforts to reduce energy
Egypt's Sustainable Development Vision 2030, consumption in governmental buildings.
published in February 2016, highlighted the In hot dry climates, the building envelope
country's aims for creating a sustainable energy leads to a significant amount of heat entering the
sector. Egypt's energy industry is the major driver of building. The influence of building envelope
socio-economic  advancement, accounting for features such as walls, windows, and roofs on the
around 13% of the country's current GDP, making energy demand for cooling in buildings has been
economic growth significantly contribute to the studied in many studies. Several studies look at the
country's stability. Therefore, energy conservation influence of windows on cooling and lighting
in buildings is gaining a lot of attention in Egypt, energy demand since they have such a significant
especially among designers and decision-makers. impact on energy consumption when compared to
Because of the fast population growth, which has other building envelope elements[3-6]. Mamdooh
resulted in increased energy consumption and higher Alwetaishi[7], study the impact of glazing to wall
energy prices. Whereas the built environment ratio in different Saudi Arabian microclimate areas.
consumes around 42% of energy in Egypt, Based on a prior study, the researcher looked at the
overcoming the high air temperature due to heat highest feasible glazing ratios in the region: 5%,
waves necessitates increased air conditioners, which 10%, 20%, 30%, and 40% out of the exterior wall.
produce an increase in energy consumption[1]. In According to the research, the south and east
this respect, the government has made many orientations are the worst for gaining the most heat
attempts as a response to the energy crises. In 2015, in all the locations.
Aswan implemented a new project to rationalize Cesari, et al[8], studied the effects of various
Revised:14 Septamber, 2021, Accepted:6 Novamber , 2021 window sizes and glazings on heating and cooling

energy demands in a hospital patient room to

69


mailto:ayman.ragab@aswu.edu.eg

Vol.42, No.1. January2023

determine the energy savings possible by using
larger apertures and to determine the most effective
glazing types. The energy performance of a base
case window with a 25% Window-to-Wall Ratio
(WWR) and a wall-to-ceiling window with a 77%
WWR in rooms facing four different orientations in
Bologna, Italy, was investigated. They found that
the use of larger windows with suitable glazing can
reduce heating and cooling energy consumption.

Yoon et al [9]. conducted a basic study on the
features of energy performance based on glazing
performance, window area ratio, and internal heat
generation while developing office buildings.
Increased internal heating value resulted in a small
reduction in heating energy while considerably
increasing cooling energy demand. Furthermore, the
glazing's poor heat transfer coefficient lowered
conductive  heat  loss, increasing  energy
consumption. Vesna Zegarac Leskovar et al[10].
investigated an architectural design method to
establish an ideal proportion of glazing areas in
prefabricated timber-frame buildings in terms of
energy efficiency, with a particular focus on south-
oriented glazing surfaces.

When the energy-saving and daylighting
features of a building are examined at the same
time, selecting window glazing becomes more
difficult. Therefore, several studies examined the
impact of different glazing types on lighting energy
demands. Hee, W. J., et al[11], seeking to figure out
how window glazing affects a building's energy and
daylighting efficiency. They identified a number of
criteria for optimum glazing choices, including
thermal properties, optical properties, window
sizing, window orientation, employment region, and
costs. Impact of different window positions and
orientations on energy consumption for lighting in a
typical room in an office building is investigated by
Neveen Azmy et al. They found that a
(WWR 20%) square north-oriented top aperture
with the following proportion (3:1) consumes 25%
less energy than a rectangle window in the lower
west-oriented fagade. Furthermore, they found that
the higher apertures provide the best natural lighting
since the light reaches over 60% of the space[12].

Other studies have looked at utilizing
nanomaterials in exterior windows due to their
thermal  characteristics and  visible  light
transmission[5, 10, 13-18]. Abdelrady, et al [3],
looked at the impact of nanogel glazing in windows
on residential building energy consumption in New
Aswan City, Egypt. They concluded that using an
embedded nanogel layer between two layers of
argon and two layers of single transparent glass with
(WWR = 10%) reduced annual energy usage by
26% when compared to using a single layer of glass.
Ilhara and Gao[19] investigated the impact of a
transparent nanogel granulate glazing system on
office building spandrels in three hot climate cities.

70

The simulations showed that the nanogel might
consume less energy than double-glazed facades.
Rashwan and Farag[20] studied an office building's
reduced energy usage under Aswan weather
conditions. They noticed that the high transparent
windows lost about 60% of the energy. In Al-
Dammam, Saudi Arabia, recent studies were
conducted in single- and multi-story office
buildings. The simulations showed that the nanogel
in the windows might reduce energy usage when
compared to conventional glass (3mm transparent
glazing) [21, 22].

The current research looked at how changing
window glazing affects energy consumption for
cooling and lighting in an office building in New
Aswan City, Egypt, taking into account building
orientations. The study's base casing is a 3 mm glass
window. The Design-Builder software was used to
simulate energy usage. All the instances studied had
a window-to-wall ratio of 10% or 20%.

2. MATERIAL AND METHODS

Previous studies have found that heat
transmission via windows has the highest value
during the day when compared to the rest of the
building envelope[4]. Therefore, this study looked at
the effects of different glazing types in different
building orientations on the energy demand for
cooling and lighting in a standard room in an office
building in Aswan, which has a hot, dry climate. In
this regard, the analysis proceeded through three
major phases. The first phase considered the effect
of the glazing types on the energy demand for
cooling in a standard room in an office building. The
second phase investigated the impact of these
glazing types on the energy demand for lighting in
the buildings. The third phase is to conduct an
overview study of the total energy consumption in
the examined room to find the best glazing type
from the investigated glazing.

2.1. Study Area and Model Description

Egypt is located between latitudes 22° and
32° North and longitudes 25° and 36° East. Egypt's
climate is predominantly hot. According to the
Housing and Building Research Centre (HBRC),
Egypt has eight major regional climates as shown in
Figure 1. Aswan is located in the region of southern
Egypt and has a hot, dry climate. Moreover, Aswan
city stands around 85 meters above sea level and is
879 kilometers from Cairo, with a governorate area
of 34,608 km2. Aswan's climate is hot in the summer
and warm in the winter, and it has the characteristics
of a continental climate; as the maximum and lowest
temperature variations increase over the twenty-four
hours, whether in summer or winter.
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Figure 1. The climatic regions of Egypt[5].

The case study model is an administration
office in a multi-story brick building. Figure 2.
depicts the room geometry, which has the following
dimensions: (3.6 m) width, (5.4 m length), and (3.5
m total height). The wall layers are made up of
0.02m external cement plaster, 0.12m brick, and
0.02m internal cement plaster. The window in the
room is only on one side and has a metal frame. The
study changes the building orientations while
studying the window to wall ratio (WWR) at 10%

and 20%.

Table 1 shows the main characteristics of the
external walls, and the fundamental characteristics
of the elements utilized, which are placed within the
Design-Builder modelling software. Table 2 shows
the specification of the study building's simulation
hypothesis. Moreover, this space is naturally
ventilated except on critical days of the year when
air conditioners are used.

Table 1. The main features of the exterior walls.

Abbreviation Wall layers and materials U-Value (W/m*K)
w1 20 mm Cement Plaster + 120 mm Brick + 20mm 2434
(Commonly used) Cement Plaster '
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Room 5.4x3.6m
Height 3.5m

1 —

Figure 2. The study model characteristics.

Table 2. Specification of the simulation hypothesis of the study building

Item Specification
Type Standgrd room in
an office building
Location Aswan City- Egypt
Floor area 19.44 m?
Floor height 35m
Occupancy (Persons) 3 per room
Window-to-wall ratio 10%, and 20%
Lighting 300 Lux
HVAC 1split air conditioner
Cooling setpoint 25°C
Heating setpoint 18 °C
Air infiltration (ACH) 0.70
Open plan office occupancy schedule 9:00-17:00

2.2. Glass Specifications

To assist designers and decision-makers,
the performance of various glazing types with
various building orientations is quantified and
ranked in terms of energy savings for lighting and

cooling. The study investigates the effect of six
types of glazing on the energy demand for cooling
and lighting. The characteristics of the windows as
window layers, Solar heat gain coefficient
(SHGC), Visible light transmittance, and U-Value
are presented in Table 3.

Table 3. Characteristics of the windows

Abbreviation Window layers and materials

Solar heat gain

Visible light U-Value

coefficient SHGC)  transmittance (W/m?-K)
G1 3 mm Clear glass 0.861 0.898 5.894
G2 6 mm Clear glass 0.819 0.881 5.778
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6 mm Clear glass + 13 mm Air + 6

G3 0.703 0.781 2.665
mm Clear glass

Ga 6 mm Clear glass + 13 mm Argon 0.704 0.781 2511
+ 6 mm Clear glass

G5 6 mm Clear glass + 10 mm nanogel 0.52 0.373 2132
+ 6 mm Clear glass

6 mm Clear glass + 13 mm Argon
G6 + 10 mm nanogel + 13 mm Argon 0.35 0.3 0.45

+ 6 mm Clear glass

2.3. Simulation Processes and Input Weather Data

The Design-Builder software in its fourth
edition (V.4.0.0.105) was used as a model utilizing
the dynamic thermal simulation for various glazing
types. The study's basic case comprises a single 3
mm clear glass, which represents the most common
type of glazing in Egypt. The building plan was
created in 2D AutoCAD and then exported to the
simulation software for testing.

The Design-Builder software includes
various (Energy Plus Weather) epw files for
Egyptian cities that are more compatible with the
US Department of Energy's official website. These
epw files are text-based CSV files that include a
year's worth of hourly weather variables for the
investigated area. To simulate the present climatic
conditions in the city, the climate file for Aswan
city in the simulation software has been updated
with another imported file from the meteorological
station (Hobo U30) at Aswan University for the
year 2020[3, 4]. Since this EPW file containing
weather data cannot be directly updated, it is first
converted to a CSV file in order to receive different
extracted meteorological data from the weather
station. After changing the climatic parameters in a
new CSV, the changed CSV is exported to a new
EPW that is utilized as input data in Design Builder
software.

3. RESULTS AND DISCUSSION

The annual energy consumption for cooling
and lighting purposes were plotted using the findings
from the simulations for the investigated window
glazings in the Aswan climate. The energy model
was conducted using a window to wall ratio of
(WWR= 10%, WWR= 20%) and varied window
orientations to determine how different glazing types
affected the building's energy performance. The
determined energy saved in all cases was compared
to the base case (G1).

3.1. The effect of window glazing on the energy

demand for cooling.
The simulation results for the various window

glazings are shown in Figure 3 a, and b. The
simulation process was created with window to wall
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ratio (WWR=10). For the WWR= 10%, the (G6)
window (with nanogel and argon layers) gave the
best results compared to other types of windows in
terms of annual energy consumption for cooling
purposes, and annual energy savings. All building
orientations showed an improvement in terms of
energy consumption for cooling. For the North,
West, South, and East directions, this window saved
15.2%, 22%, 19%, and 17.4% of annual energy,
respectively, compared to the (G1) window. While
the (G5) window (nanogel layer) exhibited annual
energy consumption reductions of 8.5%, 10%, 15%,
and 9.6%, respectively, for the North, West, South,
and East orientations. These percentages are higher
than those for a double-glazed window with an air
(G3) or argon (G4) layer in between the glass in all
orientations. In terms of annual energy savings, the
(G3) and (G4) achieve roughly the same results with
6.6%, 5.2%, 7%, and 6.4% for the North, West,
South, and East directions, respectively. In all
investigated building orientations, the (G2) window
(with thicker glass) has a modest effect, saving just
1% till 2.5% all over the building orientations
compared to the basic case (G1). As a result, the
most energy-efficient glazing type among the tested
types in terms of cooling energy consumption is
(G6), which also had the best performance in the
west orientation, reducing the annual energy required
for cooling by 445.46 kWh in the west direction
which registered the best performance among all
directions. While it had the worst performance in the
North orientation, reducing the annual energy
required for cooling by 278.78 kwh.

Figure 4 shows that WWR=20% results are
less efficient than WWR=10% findings. The amount
of heat gained has dramatically increased with higher
window-to-wall ratios due to higher thermal transfer
by window glazings. Since, temperature differences
and solar radiation are the main reasons for
increasing the amount of heat transferred by window
glazings. While thermal transfer in walls is merely
caused by temperature differences. These findings
are consistent with previous studies that investigate
the relationship between window-to-wall ratio and
the total heat transferred through building
envelop[23, 24]. In all building orientations, the (G6)
window performed the best of all evaluated glass
types. When compared to the (G1) window, (G6)
saves 12.6%, 25.6%, 22.3%, and 21%in the
northern, western, southern, and eastern directions,
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respectively. The (G5) window also performed well performance of the glazing types evaluated when
following (G6). When compared to (G1), (G5) compared to the (G1). Consequently, in terms of
reduces cooling energy consumption by 7.2%, cooling energy consumption, the most energy-
12.4%, 12.8%, and 10.5% for the northern, western, efficient glazing type among the evaluated types is
southern, and eastern orientations, respectively. For (G6), which also had the highest performance in the
all building orientations, (G4) is somewhat more west orientation, lowering the annual energy required
efficient than (G3). While (G2) has the lowest for cooling by 494.68 kWh.
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Figure 3. Cooling simulation results for window glazings (WWR=10%): energy consumption and saving.

The low thermal conductivity of nanogel free air at ambient pressure. Furthermore, when
relative to argon or air allows for the excellent compared to various types of double-glazed fillers,
thermal insulation of nanogel-based widows. the nanogel exhibited a reduced heat transmission.
Nanogel also restricts airflow through small pores. This might be because nanogel has a lower solar heat
The condensed effect within the nanopores of gain coefficient and U-value (0.35 and 0.45 W/m?K,
nanogel caused the embedded air inside the respectively) than ordinary double glazing (0.75 and
nanopores to have a lower thermal conductivity than 2.71 W/m’K).
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Figure 4. Cooling simulation results for window glazings (WWR=20%): energy consumption and saving.

was discovered that the amount of energy used for
3.2. The effect of window glazing on the energy lighting purposes has increased in all cases. Almost,
the southern and eastern fagcade use the least amount

demand for lighting. of energy for lighting each year. It might be due to

The annual energy required for lighting and the sun’s movement in the sky's dome, which causes
the annual energy savings of the building with the sun rays to fall on these facades during working
various glazing types is depicted in Figures 5 a, and hours. For the WWR= 20%, it was observed that
b. For WWR=10%, and WWR=20%, the results (G6) consumed 451.52 kWh with an increasing
show an increase in the amount of energy used for amount of about 238.59 kWh compared to (G1) in
lighting purposes in (G6) as compared to (G1). When the northern direction. Furthermore, in the West,
comparing all cases and investigated orientations, it South, and East directions, it used 348.62 kWh,
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339.19 kwh, and 379.68 kWh, respectively. In
general, lighting energy requirements in the eastern
and southern orientations do not exceed 200 kWh in
(G1) and (G2), respectively. This is due to their
higher visible light transmittance than other glazing
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types, as well as the building orientation, which
allows sunlight to pass through these windows during
working hours. (G3), and (G4) have the same results
in all building orientations in terms of lighting energy
due to their identical visible light transmittance.
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Figure 5. Lighting simulation results for window glazings (WWR=10%): energy consumption and saving.

When WWR= 10% was utilized instead of
WWR= 20%, the findings for lighting energy
purposes were less favorable. For WWR= 10%, it
was discovered that the annual energy required for
lighting increased by 71.3%, 51.4%, 89%, and 85.7%
in the following directions, respectively (north, west,
south, and east). Similarly, while utilizing (G5)
instead of (G1), the annual energy demand for
lighting increased by 61.3%, 40.8%, 69.1%, and
70.9% for north, west, south, and east directions,
respectively. When compared to (G1), (G3), and
(G4) have almost the same impact, raising the annual
energy demand for lighting by 7.3% to 13.9 %. In the
instance of (G6), the annual energy demand for
lighting increased by 113.80 kWh, 80.14 KkWh,
135.35 kWh, and 123.42 kWh in the north, west,
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south, and east directions, respectively. When
utilizing (G1) for the same directions, it increased by
117.12 kWh, 73.38 kWh, 57.76 kWh, and 90.98
kWh compared to the same window glazing in case
of WWR=20%.

In general, when comparing all of the
examined glazing types with (G1), it was discovered
that the efficacy of the glass in terms of annual
energy required for lighting purposes ranged from
(G2) to (G6). Furthermore, the annual energy
required for lighting is not greater than 565.32 kWh,
and the largest difference between the worst glazing
type (G6) and the standard (G1) is not greater than
238 kWh in all studied directions. Figure 6 shows the
result of energy usage for lighting purposes

(WWR=20 %).
G3 G4 GS Gé&
[ CENN [ |I l\

G2
00% —=——
Glazing types

-60.0%

80.0%

-120.0%

@ North B West South East

(b) energy savings percentages.

Figure 6. Lighting simulation results for window glazings (WWR=20%): energy consumption and saving.

3.3. The effect of the glazing types on total energy

consumption in buildings.

This study aims to investigate the best glazing
for office buildings in Aswan in terms of energy
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consumption for cooling and lighting by using a
standard room and taking into consideration various
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building orientations. The study showed the different
performances of the used glazing types. While some
glazing types performed well in terms of cooling
energy consumption, they performed poorly in terms
of lighting energy consumption in the investigated
WWR. The other types of glazing showed a
completely different performance, as they saved a lot
of energy for lighting purposes, while the demand for
energy in terms of cooling purposes increased
steadily. For example, despite (G6) exhibited its
better efficiency in terms of cooling energy needed
when compared to other glazing types, (G6) has the
lowest performance among the other tested glazing
types in terms of energy required for lighting
purposes. This is mainly attributed to the visual
transmittance of the double-glazed layer (0.92) which
is higher than that of nanogel glazing (0.3). While
(G6) has the lowest U-value among all glazing types.
On the other side, for the WWR=20%, (G1) saves
energy required for lighting purposes by more than
112% of total energy consumed by (G6) in the
northern direction. While it shows the worst
performance in terms of energy needed for cooling
among all studied cases. Furthermore, (G1) shows
the best performance for lighting purposes in all
building orientations. In the western direction and
WWR=20%, it saves about 66.2% of total energy
consumed for lighting compared by (G6). In the
southern orientation and WWR=20%, it saves about

75.4% for the same purposes. While the energy-
saving is 101.5% in the eastern orientation for the
same WWR.

Where WWR=10%, (G6) decreases the
annual energy demand for cooling in the western
direction by 22% when compared to (G1). While
also increasing the annual energy required for
lighting by 66.2 %. Generally, the total amount of
energy consumed by (G6) has decreased when
compared to other glazing types, even though the
annual energy demand for lighting has been
increased by a higher rate.

Heating energy consumption was calculated
on an annual basis. Thermal characteristics across the
hot dry climate are primarily responsible for the low
amount of energy required for heating in these
locations. As a result, the amount of energy needed
for heating might be overlooked when compared to
the amount of energy required for cooling and
lighting. However, the influence of different types of
glazing types on annual energy usage for cooling,
heating, and lighting is shown in Figure 7 for both
WWR=10% and WWR=20%. Where the results
show that hot, dry regions require more energy for
cooling than they do for lighting, this necessitates the
use of glass with a low heat transfer coefficient, such
as (G6), while yet allowing for enough natural
illumination.
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Figure 7. Energy consumption for cooling, heating, and lighting considering different building orientations:
(WWR=10%), and (WWR=20%)

3.4. The procedure for selecting the optimum glazing
types for office buildings.

Choosing the best glazing does not rely just
on thermal and optical properties; it is a complicated
process that is influenced by a variety of criteria. The
Pugh matrix was used in this study to identify the
appropriate glazing in Egypt's hot desert areas
according to these different criteria. All the
investigated criteria were locally weighted based on a
questionnaire that was administered to fifty
employees in the office buildings of Aswan city. The
Pugh matrix, named after its creator Stuart Pugh, is a
decision-making tool for comparing competing
notions to a fundamental concept. It is based on a set
of established, weighted criteria, the comparison of
alternatives to a fundamental solution, the
multiplication of evaluations with the corresponding
weightings, and the subsequent addition of the
weighted evaluations. The Pugh Matrix, also known
as the Pugh Method, Pugh Analysis, Pugh concept,
Pugh controlled convergence or decision-matrix
method. The Pugh Matrix's success stems from its
simplicity. The tool is not too mathematical and is
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pretty straightforward to use. However, it has a track
record of producing the same results as
mathematically intensive methods, although with far
less effort. It consists of a table with the following
columns: category, criteria, weight, and the
investigated alternatives.

The proposed glazing types were studied
using numerous criteria derived from three major
categories. These include environmental, economic,
and technical categories. All generated criteria were
weighted using a paper questionnaire based on the
office buildings occupants' knowledge of the criteria
and their relevant priorities. The occupants' responses
were evaluated on a scale of 0 to 5 based on the
priority of each criterion. A value of 0 indicates that
this criterion is not necessary. A score of one is
considered poor, while a score of two is considered
fair. A score of 3 is considered average, while a score
of 4 is considered good. 5 is an outstanding rating.
Figure 8 displays the outcomes of the expert
responses for each criterion.
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3.4. 1. Environmental criteria
3.4.1.1. Climate control

The technological advancements of the
twentieth century opened up nearly unlimited
possibilities. New glazing techniques, for example,
give more control over the building envelope. In
addition to its fundamental function of allowing light
through the glass, it has now evolved an additional
property in response to modern needs for climate
control, sound control, and risk control. In this
section, climate control will be focused on.

The following are some of the major
performance parameters for solar control glass:

1. Solar Heat Gain Coefficient (SHGC).
2. Insulation U Value
3. Shading Coefficient (SC).

According to the International Association of
Certified Home Inspectors (IACHI), previous studies
have shown that the lower the values of each
parameter, the better the performance of the various
glass types. If cooling is a primary priority in hot dry
climates, windows, and skylights with an SHGC of
less than 0.40 are typically recommended. While the
recommended average U-values for windows is
2W/m°K. The reference glazing in this study is (G1),
which is 3mm Clear Glass. As a result, all of the
investigated glazing types are more efficient than
(G1)[25].

3.4.1.2. Daylight illuminance level and distribution

The fundamental element to improve building
energy efficiency is to reduce illuminance demand
during daylight hours. Illuminance refers to the
amount of light that reaches the surface. It is
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generally expressed in lux units[26]. Radiance engine
simulation in Design-Builder Software is used to
simulate daylight illuminance levels. The visible
fraction of the light spectrum that passes through a
glazing material is referred to as its optical property.
It usually varies between 90% for transparent glass
and 10% for highly reflective coated glazing. The
type of glazing, the number of panes, and the
presence of coatings that might impact transparency
all influence this factor[27]. A high visual
transmittance indicates more daylight in an area and,
in most cases, lower electric lighting demands.

3.4.1.3. Sound control

The sound reduction will increase with greater
glass thickness. This is especially true at lower
frequencies. Sound reduction decreases slightly as
the glass area increases, but not enough to make a
noticeable impact in most architectural glass sizes. In
addition to the glass thickness, the rubber gaskets are
critical in creating a hermetic seal to the window or
door assembly to prevent air leakage and hence
sound transmission through the air. As a result, with
the same installation characteristics as rubber
gaskets, the glass thickness is regarded as a
fundamental key to noise reduction. In general, the
most common glass thicknesses utilized in
soundproof windows are combinations of 4mm
panes or greater[28].

3.4.2. Economic criteria
3.4.2.1. Initial cost
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The initial cost of the chosen glazing is
calculated by taking into account the costs of
procurement, transportation, and installation (Eq.

(1)[29]

IC=P+T+I (1)

where IC is the initial cost; P is the purchase
cost; T is the transportation cost, and | is the
installation cost. Companies frequently provide
information on both purchase and installation costs.
The transportation cost for each glazing type takes
into account the distance between the manufacturer
and the site.

3.4.2.2. Energy cost

The cooling and lighting requirements for
each glass type were simulated using Design-Builder
(DB) software. The annual cost of energy
consumption per unit is always calculated in
Egyptian Pounds (EGP) using a commercial rate
defined by the Egyptian Ministry of Electricity and
Renewable Energy (Table 4).

Table 4. The electricity price for commercial

buildings.
Bracket Category (KWh)  Price (EGP)
First 0:100 0.65
Second 101:250 1.2
Third 251:600 14
Fourth 601:1000 1.55
Fifth more than 1000 1.6

3.4.2.3. Maintenance cost

To keep glazing systems operating effectively
during their lifespan, annual maintenance costs must
be incurred. Cleaning and repairing are both included
in the cost of maintenance. As operational expenses,
they must be calculated in future values. The annual
maintenance cost for glazing systems is 1% of the
purchase cost. This rate was converted to a future
value using the following equation (Eqg. (2))[29].

n 1

M,, = tho(cg +Re))
)

where Mrv is the cost of maintenance in the
future; Cl denotes cleaning costs, Re denotes repair
costs, and 7 denotes the life cycle period. The number
of a year is t, and the real interest rate is 7" (%).

3.4.2.4. Replacement cost

Several studies have advised that such
windows be replaced after 30 years. The reason for
this is that after this period, maintenance becomes
unprofitable. The costs of the whole replacement
stage are almost included in the future value.
Following the destruction of glazing systems, a resale
for recycling procedure is carried out to generate
revenue and lower the overall replacement cost. In
any case, the replacement process is on hold until the
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decision-makers decide to renovate the entire

building[30].

3.4.3. Technical criteria

3.4.3.1. Locally available

One of the most significant elements that aid
the spread of the glazing industry is the availability
of raw materials locally. The glazing industry is one
of the numerous sectors that can be found in many
different countries. However, the creation of new
types of glass filled with gases such as air, argon, or
nanomaterials, demanded the presence of these
nanoparticles locally. These resources may not be
readily available, necessitating the purchase of these
items on the worldwide market while paying the cost
of shipping, which raises the total cost.

3.4.3.2. Easy installing and applicability

Glass production has a long history that
returned to about 3500 BC, when it is thought that
glass was first artificially manufactured in Egypt and
Mesopotamia for use as jewels. Since then, methods
have progressed from handicraft to high-tech
industrial processes, and the variety of glass kinds
and uses has increased dramatically. Glass melting
necessitates the use of two types of raw materials:
various types of sand and recycled glass. These raw
ingredients are combined and put into a furnace,
where they are melted to produce molten glass at
about 1500°C. The molten glass is then removed
from the furnace and formed before being cooled.
While the aerogels are one of the lightest solid
materials yet discovered. They are made by mixing a
polymer with a solvent to make a gel, then removing
the liquid and replacing it with air. Aerogels are
highly porous and have a very low density. They
have a sturdy feel about them. This transparent
material is regarded as one of the best available for
insulation[31]. In general, Egypt has a long history of
glass manufacturing. However, it does not have the
same track record when it comes to nanomaterials
and their applications in the glass industry.

3.4.3.3. Lightweight

Due to their impact on transportation costs as
well as their effect on the potential of being applied,
lightweight materials have a considerable impact on
the selection process of construction materials.
Considering the lightweight for each glazing type,
there is no significant difference in terms of
lightweight when comparing (G1), and (G2), as
opposed to (G3), (G4), (G5), and (G6).

3.5. The Pugh matrix evaluation results for optimal

glazing type selection
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The values used to evaluate each criterion are
listed in (Table 5). The optimum value for each
criterion was determined by selecting the minimum
or maximum value. While the measuring unit for
each criterion was defined. For the environmental
category, the U-value (W/m?-K) is used as an
indicator for evaluating the efficiency of climate
control. Visible light transmission is considered the
main indicator for evaluating the daylight
illuminance level. While the used glazing thickness
(mm) contributes to a significant impact in terms of
sound control. All proposed criteria for the economic
category were measured by (EGP/m?). Three criteria
make up the technical category. The lightweight is
measured in (kg/ m?). While other factors such as
local availability, ease of installation, and application
are evaluated as points. If the glazing type is locally
available, the local availability criterion is set to (1).
It takes the value (0) if it is not locally available. For
the second criterion “ease of installation and
application”, the proposed glazing was rated
according to the widespread of each glazing. Since
(G1), and (G2) are the most commonly used

glazings, they gained (1) point according to their
easier installation compared to other glazing types.
Other glazings rated from 0.8 to 0.2 due to their
various degrees of ease of installation. Even though it
was extensively used in Egypt, the (Gl) was
regarded the reference glazing. As a result, (G1) has
a value of (1) for all criteria. In addition, all
suggested glazing types were rated based on the
values of (G1). (G1) was used as a reference glazing
to be compared to other examined glazing types. By
using the Pugh matrix, all other investigated glazing
types were compared to the reference glazing (G1).
As shown in Table 6, (G6) had the highest score of
3.54 out of all the glazing types evaluated. (G3) and
(G4) tied for second place with a score of 1.09.
According to the comparison matrix, the poorest
glazing type is (G2) with a score of 0.9. In more
detail, the substantial superiority of (G6) glass over
other types of glass is owing to its high efficiency in
terms of the environmental category, where (G6)
glass scored 3.28, while none of the other types of
glass tested scored more than 0.74.

Table 5. Results for each criterion across all investigated glazing types

Units

Optimum

Category Criteria value Gl G2 G3 G4 G5 G6
Climate control W/m*-K min 5.894 5778 2665 2511 2132 0.45
Environmental Daylight illuminance - max 0.898 0.881 0.781 0.781 0.373 0.3
level and distribution
Sound control mm max 003 006 025 025 022 048
Initial cost EGP/m? min 1450 1570 1963 2355 2826 5055
Economic Energy cost EGP/m? min 1039 1019 976 976 929 855
Maintenance cost EGP/m? min 415 466 674 934 1193 1322
Replacement cost EGP/m? min 1919 3140 4536 6281 8026 8900
Locally available points max 1 1 1 1 0 0
Technical Easy installing and points max 1 1 0.8 0.6 0.4 0.2
echnical — applicability
Lightweight kg/m? min 7.5 15 27.36 30.17 30.23 30.87

* The initial and maintenance costs were provided by a) www.alibaba.com and b) Arab Contractor Company, Egypt.
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Table 6. Pugh matrix for the selection of the appropriate glazing type

Local G1 G2 G3 G4 G5 G6
Criteria Sub-criteria Weight . Weight : Weight . Weight . Weight . Weight . Weight
% Rating scogr’e Rating sco?fe Rating scogr’e Rating scogr’e Rating scoge Rating scoge
3 Climate control 55 1.00 055 1.02 056 221 122 235 129 276 152 1310 721
EQ  Dalonillumnance .5 100 025 098 025 087 02 08 022 042 011 033 008
52 evel and distribution
z S Sound control 15 100  0.15 0.50 008 012 002 012 002 014 002 006 001
45 0.43 0.40 0.65 0.69 0.74 3.28
. Initial cost 40 1.00  0.40 0.92 037 074 030 062 025 051 020 029 0.2
€ Energy cost 40 1.00  0.40 1.02 041 106 042 1.06 0.42 1.12 0.45 1.22 0.49
§  Maintenance cost 15 1.00  0.15 0.89 013 062 009 044 007 035 005 031 005
Y Replacement cost 5 1.00  0.05 0.61 003 042 002 031 002 024 001 022 001
35 0.35 0.33 0.29 0.26 0.25 0.23
—  Locally available 40 1.00  0.40 1.00 040 100 040 100 040 000 000 000 0.0
[&] . .
g  Easyinstallingand 35 100 035 100 035 080 028 060 021 040 014 020 007
o applicability
= Lightweight 25 1.00 025 0.50 043 027 007 025 006 025 006 024 006
20 0.20 0.18 0.15 0.13 0.04 0.03
Total score 100 0.98 0.90 1.09 1.09 1.03 3.54
Rank 4 5 2 2 3 1
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4. CONCLUSIONS

The research aims to improve the energy
efficiency of an office building in Aswan, Egypt,
which has a hot, dry climate. A building model was
created to evaluate the influence of various window
glazing types on the energy consumption for cooling
and lighting. The results demonstrated numerically
that the suggested glazing type (G6) can significantly
lower the energy consumption for cooling in hot dry
locations. This efficacy was reduced in the other
tested window glazing types due to their high thermal
conductivity values, and solar heat gain coefficient
(SHGC). On the other hand, (G6) demonstrated the
poorest performance among the investigated window
glazing types in terms of energy required for lighting
due to its low visible light transmittance value. In
general, the results revealed that when compared to
the energy required for lighting and heating, the
energy required for cooling has the greatest impact
on the overall energy of buildings in hot and dry
regions. Furthermore, when the window to wall ratio
WWR=10 %, (G6) indicated a decrease in total
energy ranging from 3.66 % to 12.71 % in all
orientations of the building. While (G6) likewise
showed the best performance among all glazing types
examined when WWR= 20%. It reduces overall
energy consumption by an average of 1.9% to
14.41% for all building orientations. Using the Pugh
matrix to assist decision-makers, it becomes obvious
that (G6) is the best choice provided via this study
after analyzing all of the categories and the criteria
generated from these categories. G6 exhibited the
best score (3.54) compared to the other types of
glazing. In this perspective, it is feasible to state that
the suggested glazing (G6) with WWR = 10%
considerably reduces overall energy consumption in
office buildings located in hot dry climates.
However, the work does not address the potential
effects of the proposed glazing types on the reduction
of ambient temperature in these buildings, although
this study shows that cooling requires a significant
amount of energy when compared to other energy
uses such as lighting and heating. This is a wonderful
topic for future research. However, the work's results
are restricted to the owverall energy consumption
evaluated and the data collected using simulation
software (Design Builder). To conclude, the energy
demand for cooling in hot, dry climates should be
prioritized at the early stages of architectural design
since it promotes the sustainability concept in these
buildings.
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