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Abstract- With the world’s population increasing rapidly
and industry modernization, building energy consumption is
rising. Over 40% of the world's energy consumption is
generated by buildings, and about 10% of this portion is
consumed by office buildings through its uses of HVAC, office
equipment, and lighting.

Research Problem- In recent periods, Office buildings in
Egypt have consumed a lot of energy to provide adequate
lighting to occupants through windows, which is the reason for
overheating and high thermal losses. It accounts for 60% of the
building’s energy loss.

Research Objective- 1 am conducting this study to determine
whether utilizing Smart windows techniques can help reduce
energy consumption and improve the building performance of
office buildings in Egypt.

Research Methodology-

e  The theoretical part used to review existing theoretical
Studies to collect sufficient data on Windows and how
they impact energy consumption, as well as Smart
Windows techniques in buildings and the differences
between them.

e The applied part used the Design Builder software to
present the effect of Electrochromic Smart windows and
window orientation for office buildings in Egypt. The
analysis showed that the Smart application in Egypt has
improved building performance and energy consumption
significantly reduced by 14%, which is a great
accomplishment.

Results- showed that the annual energy was reduced by
14% due to using optimally designed and controlled Smart-
glazed windows.

Keywords: Smart Materials, Smart Windows,
Electrochromic Material.

1. INTRODUCTION

As the world’s population continues to rise and the
industry becomes more modernized, experts predict a
significant increase in energy consumption within buildings
[1]. Buildings account for 30-40% of all consumed energy
in developed countries, exceeding the necessary amounts for
industrial and transport purposes [2]. Currently, office
buildings in Egypt consume 20% in terms of total energy
through the heating, ventilation, and cooling systems, in
addition to lighting and air conditioning (HVAC) systems
that consume a big percentage of energy consumption
assigned for buildings, accounting for half of the total
consumption [3]. One of the highest measures in solving this
problem is that the energy efficiency of buildings should be
improved.

A. Windows

The envelope of the building plays a crucial role in the
heat transfer between outdoors and indoors because it
behaves as a barrier between the indoor workspaces and the
outside. The environmental performance of a building is
typically determined by its construction and design features
that consider the external climate factors and their impact on
energy consumption [4]. Windows has a significant impact
in controlling the amount of energy consumed as well as the
indoor environment quality in the buildings they serve [5]
and provides daylight and outdoor views to the building’s
occupants, which have been established to be significant for
the comfort of humans. In addition, windows are weak for
the building’s energy performance due to their large thermal
bridge, high thermal losses at the building envelope,
undesired heat gains, and glare [6]. A suitable design of
windows can provide various benefits, such as allowing
enough solar energy and daylight to pass through for natural
lighting and passive heating, reducing heat losses to save
energy used for heating, preventing glare and overheating,
and providing satisfactory views both from inside and
outside of the building [7].

Notably, the characteristics of the windows themselves,
including dimensions, orientation, and placement within the
building facade, play a pivotal role in affecting the windows'
performance and their effect on enhancing the performance
of the internal environment and the amount of used energy in
buildings, considering energy-efficient design decisions for
the building is significant to keep in mind the impact of
building orientation. By choosing the most optimal
orientation, you can minimize direct sun radiation and
improve the energy performance of the building envelope.
This can be achieved using the precise placement of
windows, building openings, and external opaque walls [8].
Traditional windows are typically a fixed component in a
building, and the climate constantly shifts as temperatures
and solar radiation change. Achieving a balance between
Letting daylight, outdoor views, and solar heat while
avoiding glare and overheating can be challenging. A
valuable way to reduce energy consumption in the space can
be by using accessory solar shading devices, like curtains or
Blinds. However, advanced window technologies like
dynamic windows are becoming more popular because of
their ability to adjust to rapidly changing weather and user
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Figure 1. Evolution of windows. [11]

B.  Smart Windows

The emergence of Smart windows presents an excellent
opportunity to reduce the total energy that ventilation,
heating, and air conditioning systems consume and regulate
the amount of sunlight entering a building [12]. The Smart
window is a new adjustable window type that can effectively
manage the amount of daylight that enters a space
intelligently when exposed to external light, electricity, or
heat stimulation [13]. Dynamic fenestration technologies,
like switchable and controlled smart windows, can make a
difference in terms of improving energy performance while
improving occupant comfort when compared with static
windows to increase occupant comfort. The main three
chromic glazing categories of dynamic windows can be
classified into thermal, chemical, and electrochromic [14]. In
this respect, the Smart Windows technology development of
multifunctional holds enormous promise in reducing
building energy consumption [11] by about 10% when
compared to conventional static windows [15]. Specifically,
for building applications, various types of Smart glazing
technologies have been created and shown to work

-4 Global Smart Glass Market Outlook (2018-2024)

(b)

Market Value (USD Million)

[3].

Figure 2. Global Smart Glass Market (2018-2024) [11]

Innovative and efficient solution for building envelopes once
compared to traditional static windows [10].

We can see how far windows have come since their
rudimentary beginnings in the sixteenth century. Those early
versions were made with unglazed openings made of stone
mullions or wooden frames. However, as time has passed,

windows have evolved dramatically in terms of design,
purpose, size, pane quality, and overall function. [11], as
shown in “Fig 17

C. Chromic Materials

The so-called 'color-changing' material group includes the
following Smart materials:
[J  Thermochromics: It’s a material whose color changes

as changes in the temperature.

Architecture and furniture design use this phenomenon to
display the person’s earlier presence at a specific position or
on a piece of furniture as a new technique for expression. As
an example, furniture and consumer goods products of
Jurgen Mayer H.’s are sensitive to body heat and display a
colorized imprint that fades with the time of someone who
was sitting on the furniture.
Thermochromic materials used on the building’s exterior
have similarly always aroused interest. Unfortunately, the
main problem with using presently available thermochromic
paints for facades is that they are exposed to infrared rays
from the sun rays, which can cause the material to be
damaged and lose its ability to change color [16].

Figure 3. Memories of touch via thermochromic material [16]

[J  Chemochromics: It’s the material that color changes due
to exposure to specific chemical environments

This phenomenon is employed in developing double-pane

windows with changing color when in contact with the

hydrogen gas in the space between the two panes. With the

assistance of a catalyst layer, the WO3 coating changes from

colorless to dark blue and reduces light transmissivity [17].

[1  Electrochromic: It changes color after applying a
voltage to this material.
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The first significant technology that manufacturers of
windows and facades have invested in was the
Electrochromic material. The forming layers of the
electrochromic component can be very thin and inserted
easily between conventional glazing materials. Many
companies have been developing products that integrate
these characteristics into systems that range in size from a
small residential window to a building’s curtain wall.
Electrochromic windows can have their relative transparency
and color tint electrically controlled [16].

Figure 4. EC windows colors [18]

D. Smart Glazing Systems

For Smart glazing, many technologies have been
suggested and even commercialized. These technologies are
characterized by two principal categories: passive and active
systems. [19]:

[l Passive glazing systems automatically switch their tint
level in response to changes in environmental factors
(such as temperature or solar radiation). As opposed to
that, by external signals based on widely used electrical
flows, the active glazing systems may be controlled to
switch from one tint state to another [3]. Passive glazing
technologies include some materials such as
thermochromic (TC) whose color change and their
visual properties change automatically in response to
temperature changes [20], in addition to gasochromic
(GC) materials, whose transparency level changes
through the integration of diluted hydrogen gas [21].

Active glazing systems consist of materials such as
electrochromic (EC) glazing whose optical properties
change by using a direct current (DC) voltage [22].
Some active glazing systems aren’t commonly used for
windows, such as suspended particle devices (SPD) and
liquid crystal devices (LCD) that work using alternative
current (AC) [3]. Better solar and UV radiation
protection is provided by EC glazing better than SPD
and LCD glass. [23] Active dynamic windows,
including electrochromic, are a significant tool for
creating advanced, innovative building envelopes that
enable better freedom in architectural design, improve
energy efficiency, and improve visual and thermal
comfort allows an entire building shell with climate

Adaptation that can adjust to any weather condition or user
preference [24].

The switchable Smart windows, like Thermochromic (TC)
glazing, Electrochromic (EC) glazing, and Thermotropic (TT)
glazing, give the ability to control solar and transmittance in
a dynamic manner of daylight in rejoinder to the
environmental variables [25]. Among them, the researchers
have focused on electrochromic Smart windows due to their
features, like active regulation, lower energy consumption,
quick response time, and vibrant color [26]. Electrochromic
windows have many studies that may be found, but limited
ones are accessible on thermochromic and photochromic
windows [6].

E.  Electrochromic Glazing Material

The first one who used the electrochromic material to
Fabricate Smart windows, Lampert and Granqvist et al. in
the early 1980s (Energy-saving daylight system) for
buildings. In the first half of the 1980s, Electrochromic
received a great boost when it became generally
acknowledged that this technology could be extremely
important for  energy-saving fenestration [27].
Electrochromic windows achieved a 54% energy reduction
once compared to traditional single-glazed windows for over
a 25-year life cycle [28]. Electrochromic windows have been
the focus of intensive research and have been offered for
purchase commercially for several years since they were
released into the market because of their exceptional optical
modulation, effective coloration, and exceptional strength
[29]. Electrochromic (EC) Smart windows, which can
actively control solar radiation transmission through
electrochemical processes, can be used to improve energy
efficiency in buildings [30]. Switchable Smart windows
based on electrochromic (EC) technology are gaining
popularity in the architectural sector due to their ability to
save energy and improve visual comfort [31]. Five
superimposed layers, which may be either on one transparent
substrate or in combination with two transparent substrates,
represent the general structure of an electrochromic device
[32].

The structure's five layers consisted of a transparent
conductive layer covered by an ion-storing film, another
transparent conductive layer covered by an electrochromic
layer, and a layer of electrolyte sandwiched in between each
other [33]. There are bleaching and color properties in the
electrochromic through redox reactions, whereas a crucial
part is played by the ion storage layer in storing and
providing the necessary ions needed by electrochromic
material, the layer that ensures fat color switching and serves
as an ion transport channel is the electrolyte layer. All
constituent components must possess a high level of
transparency to visible light and maintain electrochemical
stability throughout the entire switching voltage range [34].
As shown in “Fig 4”
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Figure 5. The general construction of EC devices [32]

To cause Li + ions to migrate from the layer of
accumulation into an electrode, voltage is applied during
operation. This determines the color change of the electrode
layer as it transitions from a transparent to a darkened state
(cathodic coloration) or the accumulation layer (anodic
coloration). Depending on the kind of EC materials
employed in the device, this change might also take place in
both layers. By switching off the current, the transparency is
restored. As a result, ions leave the electrode and return to
the accumulation layer. [35]

ton Conductory
Electrolyte
ion Storage 1 LAYER

Figure 6. Electrochromic device’s structure before and after switching
[35]

According to “Fig 77 The important performance
indicators in the field of ECWs are visible light transmission
coloration efficiency (CE), switching time and cycles of

electrochromic materials in bleaching or coloring states [36],
the time necessary to finish 90% of the visual transformation
between the bleached and colored stables is called the
switching time, the window color will impact visual comfort
[32].

Colored

Figure 7. Bleaching and coloring presence in EC devices [32]

F. Electrochromic Glazing Material Example
Saint Gobain HQ

Figure 8. Electrochromic Smart windows in Saint Gobain HQ [37]

The Saint Gobain Corporate Headquarters, where hundreds
of employees work for the progressive manufacturing
company, is located in North America. Although natural
light is a highly desirable feature of modern offices, solar
gain or glare can cause problems due to overheating or
undesirable glare on screens that can interfere with
employees' productivity levels. The building makes the most
of its use of glass, in contrast to the surroundings. Due to this,
electrochromic glass was chosen for the extensive south-
facing glazing elevations. In the warmer months, the
electrochromic glass on the exterior fagade produces a blue,
nearly reflective surface resembling the sky’s reflection. The
electrochromic provides the occupants with a solar shading
option that does not obstruct views or light transmission like
other approaches. Using electrochromic glass allows
architects to design highly glazed that can withstand intense
solar glare without disrupting the occupants. [37]
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1I. CASE STUDY
A.  The Site

There is now a large external glass surface in office
buildings that makes it hard for natural ventilation, thereby
affecting the air quality and heat comfort of the staff working
in the offices, as well as their physical condition,
productivity, or adaptability. In light of this, the chosen case
is the National Bank of Egypt (NBE). The project is located
on the eastern bank of the Nile River with a site area of 6200
m?. The project consists of three floors covering the entire
land area, containing a commercial center and showrooms. It
has two towers with a total height of 36 floors, one of which
is an office (southern tower), and the other is a residential
(north tower).

i ;

National Bank o
Egypt - Head Offi

Figure 9. Site location of the case study (Google Earth)

B.  The Weather

The office building location and climate, have a
significant effect on Smart Glazing’s energy performance. In
this section, Cairo, the largest metropolis of northern Egypt
and the country's capital, has been chosen as the location for
the office room. The hot season lasts 4.6 months, from May
14 to October 2, with daily high temperatures averaging
more than 32°C. August is the hottest month in Cairo, with
typical highs of 35°C and lows of 24°C. The coldest
season lasts 3.0 months, from December 3 to March 3, with a
daily high temperature of less than 22°C. January is the
coldest month in Cairo, with average lows of 10°C and highs
of 19°C.

cool hot cool
40°C Aug 2 40°C
35°C
30°C

25°C  Jan 20

20°C G 20°C
15°C 15°C
10°C Epprem—"-C T 10°c
5C 5
oc oc

C

5°C -5°
-10°C
15°C
-20°C -20°C
Jan Feb Mar Apr May Jun Jul Aug Sep Oct
Figure 10. Weather [38]

Nov  Dec

C. Case Study Modeling

Room
4x6
Height
3.5m

Figure 11. Office room plan

The model chosen is an office in a multi-story structural
building with a double-skin fagade. The room dimensions
are 6 x 4 x 3.5 m (length x width x height respectively). The
window opening is located in the middle.

Window wall area ratio (WWR) is set at 30%. All these
parameters are integrated into four directions: north, east,
south, and west, using the new glazing Smart material
(Electrochromic Reflective Bleached 6mm-13mm Argon).

D. Software used for Simulation

Design Builder is the simulation tool used in this paper's
case study. It is an easy-to-use environmental modeling
program that allows us to work with digital models of
buildings. The Energy Plus program is a ready-to-use
software  that interfaces with the Design-Builder
environment and enables you to run complete simulations
without leaving the interface. ASHRAE definitions form the
basis of energy plus calculations with various data handling
techniques. [39].

I11. RESULTS AND DISCUSSION

The most significant purpose of the world in this current
period is the reduction of building energy consumption. The
first energy consumer in the building is the building
envelope, and buildings with walls that have a great surface
area and wall-mounted windows have the highest energy-
consuming element of the building. Structural characteristics
of windows, like window position and material, influence
the quantity of solar radiation that moves into the building
and thus assume the amount of building energy used for
thermal and lighting. As a result, the methodology is based
on evaluating buildings' energy performance by
incorporating architectural solutions for an opening design
that reduces energy consumption and improves building
performance.

A. Impact on Total Energy Consumption

The sum of all the different consumed energies the
building uses makes up the annual energy consumption.
(heating, lighting, and cooling), and it stands for the bell at
the end of each year. This study case indicates that the total
energy consumption is reduced after using the Smart
window material by 14 %. The North direction represents
the least amount of necessary energy consumption, and the
west direction has the highest total requirement of energy
use, as shown in “Fig 12”.
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ENERGY CONSUMPTION

Base Case Electrochromic Window

Figure 12. Comparison between the energy consumption before and after the smart window through the four orientation (Design Builder)

B.  Impact on Interior Temperature The interior temperature in the north direction during
. o summer (August) has been reduced after using the Smart
The monthly winter and summer temperatures indicate . . . . .

. oo . . window material, and during winter (January) has risen by
how well ‘the air conditioning is working and how about 1-1.5°C in the south direction, as shown in “Fig 13”
comfortable it is inside the building. The results show that ' ’ g1
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Figure 13. Interior Temperature (Design Builder)
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Figure 14. Interior Temperature in North Direction (Design Builder)
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C. Impact on Relative Humidity

It is common knowledge that the ideal relative humidity
for humans ranges from 38% to 59%. The results indicate
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That after adding the Smart window material, the average
relative humidity in summer (August) is between 57% to
59%, and in winter (January) is between 44% to 46%.
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Figure 15. Relative Humidity (Design Builder)

D. Impact on Lighting

The energy consumption of lighting is regarded as one of
the most significant features in determining window
dimensions, as lighting is affected by opening position and
direction. The quantity of inlet lighting in the building

80
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0

March

Changes when a window’s orientation is changed, producing
an alteration in the required lighting power. Figure 16 shows
that after using the Smart window material, the north
direction has the highest lighting loads, while the south and
west have the lowest.
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Figure 16. Lighting (Design Builder)
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IV. CONCLUSION

This paper provides an overview of Smart glazing
systems that are a contributing factor in developing the
Smart building envelope, which addresses climate changes
and improves building occupant’s thermal comfort.
Furthermore, it proves the viability of implementing these
Smart solutions in Egypt. Information on the adjustable and
controllable Smart window products that are commercially
available has been collected for this work.

Furthermore, the analytical comparative simulations
between the base case and case 1 that differed in the window
orientation and the type of Smart glazing material showed
how well replacing existing glass with Smart glass worked.
The electrochromic windows have been simulated using
electrochromic reflective bleached 6mm-13mm argon as
glazing material and have been chosen to be simulated in

The design-builder software at Cairo has been contrasted

With a typical static window. The results show that the
building with electrochromic windows uses 14% less energy
overall than the reference window, relying on the case and
location. In addition to enhancing the efficiency of buildings
without hurting energy performance, an Electrochromic
glazing system proved useful in increasing this ratio, and
their openings into the outside were improved.
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