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Abstract Smart buildings have grabbed the attention
of researchers since the 1980s. Until now, there has been
no specific definition for smart buildings, which came from
modern technologies and applications that rely on smart
systems, significantly affecting the construction industry.
Based on the importance of the administrative building
sector in Egypt, this study proposed a general framework
enumerating smart systems that positively impact this
sector at the environmental, social, and economic levels
(the three key pillars of sustainability). Various methods
were used, including induction, descriptive, analysis,
survey, and deduction. It enumerated and analyzed the
Egyptian context through three case studies to reveal the
gap between their current situation and the one hoped for in
its three categories, Smart Security and Safety Systems,
Smart Auxiliary Systems, and Smart Entertainment
Systems. The findings of this study for the first category
showed an average of 47% for security systems and 67%
for safety systems. The category of smart auxiliary systems
was divided into five sub-categories, showing 39% in
climatic control systems, 60% in energy management
systems, 100% in HVAC control systems, 50% in lighting
control systems, and 56% in water management systems.
Finally, the smart entertainment systems category was
divided into three sub-categories, showing 42% in Wi-Fi
and Internet systems, 44% in video surveillance systems,
and 67% in sound and video intercom systems. Therefore,
these quantitative findings represent promising results that
motivate the Egyptian context to move forward in this
direction by using smart systems to improve the
sustainability of Egyptian administrative buildings.

Keywords Smart Architecture, Smart Systems,
Integration ~ Systems,  Sustainability, Administrative
Buildings

1. Introduction

1.1. Background

During the last decade of the twentieth century, smart
architecture was associated with advanced building
technology [1,2]. The phrase "smart building” has become
a synonym for many buildings characterized by highly
sophisticated technology, regardless of whether the
building has the fundamental elements and smart systems
that allow it to be classified as such [3]. Several experts in
building evaluation have worked to develop specific
characteristics and systems that must be present in a
building to be labeled as a smart building [4]. Various
smart systems are used in administrative buildings. To
explain them, it is necessary first to explain the concept of
the smart system in the administrative building, then
explain the components of the smart system in how the
building is managed, and finally address the various
classifications of the smart system inside the administrative
building and how these systems are integrated [5].

1.2. Topic Importance

The significance of this topic is due to its ability to
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address one of the latest trends in the construction sector,
particularly in giant projects where cost and savings are
critical. Smart solutions in a holistic systems framework
can generally align with sustainability and extend to
fairness, power, agency, nature-based solutions, ecological
resilience, etc. [6]. Smart building systems ease and
comfort environmental, social and economic systems.
Additionally, with the growing need for these technologies,
specifically in Egypt, the Egyptian scope requires greater
research and an in-depth understanding of various new
topics, such as smart systems for administrative buildings
with their potential. Therefore, smart systems could be
used as criteria for architects, bodies, governmental entities,
and stakeholders to instill their concepts [7].

1.3. Study Hypothesis

Smart systems may be able to track the key challenges
for a sustainable future. In today's culture, smart
approaches enable the integration of essential information
to address crucial concerns [8]. This study hypothesized
that using smart systems in administrative buildings
enhances their environmental, social, and economic output,
directing them toward sustainability.

1.4. Study Questions

® \What criteria/parameters  define a  smart
administrative building?
® \What features of smartness in  Egyptian

administrative buildings appear in the Egyptian
context?

®  Are these characteristics enhancing the sustainability
of Egyptian administrative buildings in terms of
environmental, social, and economic benefits?

1.5. Study Problem

It comes from a low scientific and technical level;
moreover, the lack of experience in smart buildings and the
failure to exploit the technical capabilities of smart
architecture prevented Egyptian administrative buildings
from achieving better performance.

1.6. Study Objectives

The objectives of this study are to extract smart systems
that can enhance the performance of administrative
buildings as an entry point for improving sustainability and
then develop a general framework within which these
smart systems can be inventoried at their different levels.
This study applied this framework to the Egyptian context
through case studies to clarify the gap between theoretical
basis and reality in the study environment. In addition, to
answer the research question and verify its hypothesis, the
research structure is shown in Figure 1.
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2. Literature Review

2.1. Topic Trends

With the emergence of the Covid-19 coronavirus, design
and construction may not remain the same; narrow spaces
at work may become unworkable, and no place can be
crowded again. Given the constructive response to this
pandemic, architects must do their best to adopt all the new
trends available in this sector [9-11]. With the staggering
acceleration, smart systems based on technical tools such
as cellular devices, the Internet, satellite TV, global
signature systems, geographic information systems, etc.,
have entered every country [12]. At the same time, many
studies increasingly affirm the need to constantly develop
smart systems during the Corona pandemic, which
distinguished developed countries [13].

As a result of the environmental issues that have begun
to threaten the world in recent decades, the architectural
sectors are no longer isolated from them. In one sense, the
administrative sectors consume many natural resources,
including land, raw materials, water, and energy [14,15].
Furthermore, construction industry processes generate
large amounts of noise, pollution, and solid waste [2]. The
continuity and permanence of energy and water waste in
buildings make them an important environmental and
economic issue [16,17].

Resource and energy efficiency, environmental
compatibility, and integrated and curricular regulation,
including environmental management regulation, are the
four goals of sustainable buildings [18]. Furthermore, with
the beginning of the technological revolution in the 1980s,
smart buildings began to appear [19]. It provides high
performance in building systems and services, such as
comfort, heating, ventilation, air conditioning, lighting,
wiring, control systems, automation, voice, data, video
communication, safety, fire, and security [20].

There are more than 30 definitions of “smartness" for
buildings [21]. One of the most common definitions of
"smart building" is: "Smart building is any building that
provides a responsive, effective and supportive
environment within which the organization can achieve its
business objectives" [22]. However, the Intelligent
Building Institute (IBI) of the United States and the
UK-created European Smart Building Group (EIBG)
summarized it as: “"which delivers a productive and
cost-effective environment through optimization of its four
basic elements including structures, systems, services &
management and the interrelationships between them"
[23].

Smart buildings have gone through three distinct stages
of development: automation (1981-1985), response
(1986-1991), and efficiency from 1991 to today [24].
These buildings generate a stream of information with
regulated access utilizing complicated automation systems,
remote sensors, and access control systems [25].
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Figure 1. The conceptual framework (the authors)

Buildings account for at least 40% of total energy
consumption [26], and the administrative building sector is
one of the most energy intensive. In most countries,
lighting represents 20-40% of total energy consumption in
administrative  buildings [27]. Furthermore, despite
ongoing technological advancements, smart systems have
demonstrated long-term efficiency in terms of cost and the
ability to rationalize energy consumption in buildings [22].
Additionally, with the energy crisis, there has become an
urgent need to use these technologies. In contrast, smart
buildings and their systems in developing countries are
limited to entertainment. Some believe that the initial cost
of these systems may not be commensurate with
low-income countries [28]. The primary goals of
sustainable buildings and smart buildings are to conserve
energy in the first stage; some statistics indicate that the
architecture sector is the second largest consumer of
energy after agriculture, as it produces about 37% of
carbon dioxide, putting architectural practices at the top of
the list of pollution causes [29,30].

The definitions of the system are the physical part
represented by control keys and communication channels,

such as wires, input means, and others, which play an
essential role in the economics of the building and its
management [31]. Therefore, the concept of sustainability
must be integrated into smart systems.

2.2. The Gap in the Current Literature

Extrapolating the previous literature revealed a gap
between the defined research problem in the study
environment and the current state of the art. Therefore, this
study aims to bridge this gap by addressing smart systems
in administrative buildings to increase their efficiency at
the environmental, social, and economic levels to improve
sustainability.

3. Methodology

This study aims to enhance sustainability through smart
systems by harnessing their environmental, social, and
economic potential. Therefore, it relied on the following
approaches: the first is an induction method to identify the
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fundamental concepts of smart buildings and smart
systems, addressing their functions, especially in
administrative buildings. The study then used the
deduction method to extract the general framework that
contains these systems into its three categories. Finally, the
study monitored the current situation in the Egyptian
context using the applied method, which relied on various
techniques such as surveys, site visits, interviews, statistics,
documentation, etc. Furthermore, to better understand the

changes that occurred in the research point and its
evolution, a descriptive-analytical method was used, based
on a detailed review of the literature, data and
benchmarking, and decision-makers to obtain a holistic
view of the characteristics and characteristics of smart
systems that transform buildings into smartness, where
three hand-selected case studies were analyzed in the
Egyptian context, according to certain criteria and
limitations, as shown in Figure 2.
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Figure 2. Scheme of the method (authors)



Civil Engineering and Architecture 10(7): 2779-2808, 2022 2783

4. Smart Systems in Administrative 4.1. The Enumerated Types of Smart Systems (SSs)

Bmldmgs These systems are divided into three categories, which
. . are divided into sub-systems, as shown in Figure 3, based
This study addresses smart systems through their types o criteria to achieve strategies and solutions to improve

and the required integration, as follows: sustainability [32]. Most relevant studies require these
systems to be integrated.
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Figure 4. Security Camera Systems [35]

4.1.1. Smart Security and Safety Systems

It is divided into two categories as follows:

(@)

Security Systems

The entry and movement system within the different
spaces of the smart administrative buildings depends on the
degree of permission granted by the security building
system to the occupants, according to the permits granted
to each individual separately [33]. It includes a set of
criteria, and six of them have been identified, which are:

Security Camera Systems: The closed-circuit
television system (CCTV) includes motion detection,
infrared illumination, video analytics, facial
recognition, object categorization, and various
storage and monitoring options [34], as shown in
Figure 4.

Figure 5. Video analysis room in smart buildings [36]

Video Analytics Systems: is often known as Smart
Video Surveillance (SVS) to detect certain objects,
behaviors, or attitudes in video footage, as shown in
Figure 5. It can analyze a video frame or a set of video
frames to detect, categorize, recognize, or identify a
specific event that has been programmed [36].

Facial Recognition Security  Systems:  This
technology affects people's privacy but helps prevent
and detect violence. Face recognition systems have
two uses in different surveillance applications, such
as closed-circuit television (CCTV) cameras for
human detection [37], as shown in Figure 6.

Figure 6. Using Facial Recognition [37]
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Access Control Systems: Access control technology
provides or refuses physical access to a restricted
place. This space can include structure and entrances,
lobbies, storage closets, roof access points, an
executive suite, and other features, as shown in Figure
7. Several locks for access control systems range from
wireless and magnetic locks to biometrics controlled
by a centrally managed access card system [38].
Speed Gate Systems: It is known as a turnstile, a gate
that only allows one person to pass through at a time.
It can be programmed to enforce one-way human
traffic or restrict access to those who enter a coin, a
ticket, a pass, or something similar.

License Plate
Recognition

Figure 8. The smart plate recognition system [40]

License Plate Recognition Systems: The system of
access and motion inside the various spaces of smart

administrative buildings is determined through the
security building system's scope permission issued to
residents, which is determined by the permits granted
to everyone separately. The initial phase of the
security system begins with the identification of the
license plates of the personnel with access permits
and continues with the entry of car parks [39]. It is
achieved using a smart plate scanner, which uses a
building database of workers and visitors to identify
the entrance permission holders of the facility, as
shown in Figure 8.

(b) Safety Systems

It helps the Civil Defense and Fire Department monitor

buildings by responding quickly to alarm calls for
individuals and properties through [41]:

Smoke sensors: It detects indoor smoke and transmits
an electrical signal to the warning panel if a sudden
smoke leak is detected, resulting in loud sirens or
light illumination.

Fire Protection Systems: It is a critical safety system
that can work during power outages and withstand
fire and high temperatures. In response to the spread
and development of smart architecture, techniques
have been “continuously developed to support the
concept, such as developing early detection systems
for fire in smart buildings [42]. The objective is to
upgrade sensors to perform multiple functions and
integrate all fire detection systems to overcome false
alarms and identify possible causes of fires. Fire
screens resist fire if it occurs and support the learning
and self-development ability of the system [43], as
shown in Figure 9.
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4.1.2. Smart Auxiliary Systems .

There are five sub-systems in this second sub-system,
and they are as follows:

(@ Climatic Control Systems
It comes in two categories, as follows:

Figure 10. Temperature monitoring and control [45]

Internal Sensors: It may be distributed thoughtfully in
most administrative building spaces according to the
type of sensors, the space's shape, and the function's
nature. It includes several types, such as temperature
sensors, humidity sensors, light intensity sensors, and
occupancy sensors [31], as shown in Figure 10.
External Sensors: The various climate sensors are
connected to the so-called outer hardware complex,
which transmits the different readings of the devices
to the Building Management System (BMS), which
analyzes the results issued by the sensors to take the
necessary steps [46]. With the diversity and
abundance of various sensors, the measuring devices
have evolved to the point where several devices are
merged into one device or in grouped monitoring
stations that allow data collection and
communication in conjunction with complex
external devices and then BMS [47,48], as shown in
Figure 11.
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(b) Energy Management Systems (EMS)

Monitor the distribution of energy within building
spaces through what is known as the electrical energy
management system. In addition, it is responsible for
providing data on the energy consumption of its various
outlets inside the building and ensuring its quality [50].

(c) HVAC Control Systems
It represents the most significant part of the total energy

consumption in modern buildings. Energy savings in smart
office buildings are one of the pillars of the building
ventilation system [14]. The main objective of the
interaction between the HVAC system and the building
components is to reduce the heating and cooling loads
within the building. The general purpose of heating and
cooling controllers is to attempt to keep the temperature of
a vacuum around a specific temperature [51], as shown in
Figure 12.
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Figure 13. The occupancy sensor automatically turns on when someone is present [53]

(d) Lighting Control Systems

The lighting control strategy is developed within the
smart building based on the following:

e Operating regulation and occupancy sensors: The
opening and closing of the lighting units inside them
are automatically controlled according to the
occupancy of each space, as shown in Figure 13. The

control unit can be programmed to turn off the lights
if the place is unoccupied for a specified period after
occupancy [52].

Daylight regulation: The natural light control system
eliminates the need for artificial lighting, as shown in
Figure 14, and is known as interior lighting sensors,
which function to keep a set amount of illumination in
the environment [54].
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The smart water systems term refers to devices that use emerging technology to automate, collect and analyze data to

help freshwater systems and wastewater utilities solve their problems [56-58], as shown in Figure 15.
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4.1.3. Smart Entertainment Systems

It easily manages and controls all users' media devices.
They also provide many of the services that the user needs
as a human requirement, as well as the environmental
values that they add to support the internal environment of
the buildings, and are classified as follows:

(@) Wi-Fi and Internet Systems

An alternative to wired connections for buildings and
telecommunications networks is wireless networking,
which prevents the need for cables to be inserted into a
building, as shown in Figure 16. The systems are based on
several criteria, including [59]:

*  Surveillance cameras automatically connected to the
Wi-Fi network can be viewed from smartphones to
monitor buildings.

*  Using the network, you can control all the devices in
the building.

Utilizing Smart Systems to Enhance the Sustainability of Egyptian Administrative Buildings

* Itis possible to remotely control lighting and curtains
in buildings through Wi-Fi networks, saving energy
by connecting all components on one network that
can be controlled wirelessly.

(b) Smart Sound Systems

These systems can use headphones or speakers. Some
smart speakers may also function as smart devices, using
Wi-Fi, Bluetooth, and other wireless protocols to operate
building automation equipment [42].

(¢) Video Intercom Systems

Audio and video are controlled inside buildings using
Audio & Video Matrix super distribution systems, which
control receivers, DVD playback, and CCTV control using
a remote control, mobile phones, or the Internet [61].
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Figure 16. Wireless Router Network Diagram [60]
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4.2. The Integration of Smart Systems

Integration is the achievement of totality, wholeness,
completion, and unity [62]. It will be detailed as follows:

4.2.1. The Concept of Integration

Integrating smart systems within the building is
achieved by sharing information between the various
systems, increasing the efficiency of the building [63]. For
example, "System Automation Buildings" can conserve
energy in the building by detecting occupants in the
vacuum and reducing energy consumption. Similarly, the
HVAC system automatically turns on the air conditioning
if the information is received about people in the vacuum
and turns it off if the message is received that there are no
people in the vacuum [64].

4.2.2. Benefits of Integrating Systems

Smart buildings integrate various systems to provide

multiple benefits, for instance [65]:

*  The ability to collect additional information since
network data transparency allows for simultaneous
acquisition of new layers of information.

»  Efficient management and maintenance control, as
one operator may monitor several systems.

* Adding tools within a system recognized to
participate in performance directly, where data are
transferred across HVAC, lighting, fire, and security
systems, allow potential security benefits.

e Reducing the cost due to the need to reduce the
distribution of wires (about 50% cheaper).

4.2.3. Obstacles to Integrating Systems

Despite the many advantages of integrating smart
building systems, there are also many obstacles during
design, such as language differences, where the language
used for smart systems may differ, so information between
systems is difficult to transfer. Furthermore, integrating
smart systems requires a team of high-level architects and
knowledge of all smart systems to make buildings smart
[66].

5. Analysis of the Egyptian Context

5.1. Objectives of the Analytical Study

It can be summarized in three objectives, as follows:
*  Enumerating smart systems and their applications.
*  Extracting the results of the impact of installing these
smart systems.
*  Investigating whether and how smart systems are
used in administrative buildings in Egypt in terms of
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their advantages on the environmental, social, and
economic levels to enhance sustainability.

5.2. Limitations of the Analytical Study

Among the smart administrative buildings, this study
selected the most important architectural buildings based
on:

e Type and activity of the building (administrative
building).

e Accreditation or award of a building from specialized
international organizations (USGBC - LEED).

e Its compatibility with environmental resources.

e [Its utilization of smart systems.

6. Conducting the three Case Studies

Based on a comparison between the features of smart
buildings, three cases were selected to enumerate and then
analyze the administrative buildings in the Egyptian
context to discover the current situation, as follows:

6.1. Crélit Agricole Egypt Headquarters (CAE)

6.1.1. Building Overview

The building consists of two basements, a garden level, a
ground floor, and three typical floors [67], as shown in
Table 1 and Figure 17.

Table 1. CAE bank information [68]

Project Info. Details
Location 5th Settlement - New Cairo, Egypt
Consultant ECG Consulting, Egypt
Year 2016
Cross-area 22000 m?
Certificate LEED v3 BD+C (New Construction) Platinum

Figure 17. The CAE Bank, Crélit Agricole Egypt Headquarters [69]
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6.1.2. Listing of Smart Systems Installed in the Building

The study enumerated smart systems in the CAE bank building in its three categories, as shown in Table 2.

Table 2. Listing of the smart systems installed in the CAE bank (the authors)

Smart Systems

Smart Fixtures

Systems Existence

Exist Not Exist

1. Smart Security and Safety Systems

(CCTV) Systems v
Video Analytics Systems v
Facial Recognition Systems v
Access Control Systems v
Security Systems License Plate Recognition System v
Smoke sensors v
Automatic fire alarm systems 4
Fire-extinguishing systems v
Remote control systems for safety v
2. Smart Auxiliary Systems
Wind-sensing systems 4
Sun-sensing systems
Humidity measuring systems v
Climatic Control Systems
Temperature measurement systems v
Automatic ventilation via windows v
Sun Control and Shading systems v
Monitor and manage energy v
Equipment that ensures optimum energy consumption v
Energy Management Take advantage of renewable energy resources v
Systems
Emphasis on the environmental dimension of energy 4
Reaching self-sufficiency in energy resources v
Heating control systems v
HVAC Control Systems Ventilation control systems 4
Refrigeration control systems v
Lighting and time management systems v
lighting control systems v
Lighting Control Systems
Temporary Partition Systems v
Photosensitive circuit breaker systems v
Water mixers with sensors to open and close automatically v
Watersl;/lsezgﬁlgsement External sensors to detect any water leakage v
A system for utilizing wastewater in irrigation works v
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3. Smart Entertainment Systems

Monitor buildings remotely through a smartphone v
Wi-Fi and Internet Connecting and controlling surveillance cameras via Wi-Fi v
Systems Irrigating plants as part of the landscape wirelessly via Wi-Fi
Control of all devices in the buildings via Wi-Fi v
Surveillance systems using digital video recorders (SDVRSs) v

Video Surveillance

Achieving follow-up between security personnel

<

Systems

Data collection and analysis system v

Audio and video control systems

Interactive viewing between users and building elements

LAN network to connect the gateway phone and users' phones

Sound and Video

Intercom Systems Connecting to the portal phone from the Internet

UL RN RN

User-specific audio systems through advanced centralized management and control

<

Monitors to control remote sub-systems v

6.1.3. Statistical Analysis of Smart Systems in CAE Bank

This study deduced 43 smart systems, as detailed in
Table 2, classified into three main categories. Surveying
the CAE bank in its current status revealed the following:
e For Smart Security and Safety Systems, it achieved 5
systems out of 9, where 4 systems do not exist.

e For Smart Auxiliary Systems, it achieved 15 systems
out of 21, where 6 systems do not exist.

e  For Smart Entertainment Systems, it achieved 9
systems out of 13, where 4 systems do not exist.

6.2. Bank Egypt Global Service Centre (HSBC)

6.2.1. Building Overview

It is an example of best practice in Egypt and the first
LEED golden certificate awarded in Africa [70]. The
building has four floors, including a ground floor, three
typical floors of 3000 square meters, and two underground
parking floors of 4500 square meters [71], as shown in

Table 3 and Figure 18.

Table 3. Information of the HSBC Bank [72]

Project Info. Details
Location Giza, Smart Village
Consultant lams Consulting
Year 2010
Cross Area 19500 m?
Certificate Golden LEED certificate

Figure 18. HSBC - Bank Egypt Global Service Centre [73]
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6.2.2. Listing of Smart Systems Installed in the Building

The study enumerated the smart systems in the HSBC bank building in its three categories, as shown in Table 4.

Table 4. Listing of the smart systems installed in the HSBC bank (the authors)

Smart Systems

Smart Fixtures

Systems Existence

Exist Not Exist

1. Smart Security and Safety Systems

(CCTV) Systems v
Video Analytics Systems v
Security Systems Facial Recognition Systems
Access Control Systems v
license Plate Recognition System v
Smoke sensors 4
Automatic fire alarm systems v
Safety Systems
Fire-extinguishing systems 4
Remote control systems for safety v
2. Smart Auxiliary Systems
Wind sensing systems
Sun sensing systems v
Humidity measuring systems v
Climatic Control Systems
Temperature measurement systems 4
Automatic ventilation via windows
Sun Control and Shading systems v
Monitor and manage energy 4
Equipment that ensures optimum energy consumption v
Energy Management Take advantage of renewable energy resources v
Systems
Emphasis on the environmental dimension of energy v
Reaching self-sufficiency in energy resources
Heating control systems v
HVAC Control Systems Ventilation control systems v
Refrigeration control systems 4
Lighting and time management systems v
lighting control systems v
Lighting Control Systems
Temporary Partition Systems v
Photosensitive circuit breaker systems v
Water mixers with sensors to open and close automatically 4
Water Management External sensors to detect any water leakage v
Systems
A system for utilizing wastewater in irrigation works v




Table 4. Continued

6.2.3. Statistical Analysis of Smart Systems in the HSBC

6.3. Rowda Offices and Commercial (ROC)

6.3.1. Building Overview
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3. Smart Entertainment Systems

Monitor buildings remotely through a smartphone v
Wi-Fi and Internet Connecting and controlling surveillance cameras via Wi-Fi v
Systems Irrigating plants as part of the landscape wirelessly via Wi-Fi
Control of all devices in buildings through Wi-Fi v
Surveillance systems using digital video recorders (SDVRS) v
Video Surveillance L .
. v
Systems Achieving follow-up between security personnel
Data collection and analysis system v
Audio and video control systems 4
Interactive viewing between users and building elements v
LAN network in buildings to connect the gateway phone and users' phones v
Sound and Video
Intercom Systems Connecting to the portal phone from the Internet v
User-specific audio systems through advanced centralized management and control v
systems
Monitors to control remote sub-systems v

Bank

This study deducted 43 smart systems, as detailed in
Table 4, categorized into three main categories. Surveying
the HSBC bank in its status revealed the following:

For Smart Security and Safety Systems, it achieved 5
systems out of 9, where 4 systems do not exist.
For Smart Auxiliary Systems, it achieved 12 systems

Table 5. Information of ROC building [75]
Project Info. Details
Location Fifth Settlement, New Cairo, Egypt
Consultant Rowda Real Estate Investment
Year 2016
Cross Area 13000 m?
Certificate Silver LEED certificate

out of 21, where 9 systems do not exist.

For smart entertainment systems, it achieved 7
systems out of 13, where 6 systems do not exist.

The building has four stories of open office space and
three floors of retail space. It includes two basement levels
totaling 13000 m? for the garage and other facilities [74], as
shown in Table 5 and Figure 19.

Figure 19. Rowda Offices and Commercial (ROC) [76]
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6.3.2. Listing of the Smart Systems Installed in the Building

The study enumerated smart systems in the ROC bank building in three categories, as shown in Table 6.

Table 6. Listing of smart systems installed in the ROC office building (authors)

Smart Systems

Smart Fixtures

Systems Existence

Exist Not Exist

1. Smart Security and Safety Systems

(CCTV) Systems v
Video analytics systems 4
Security Systems Facial recognition systems v
Access control systems 4
License plate recognition system v
Smoke sensors v
Automatic fire alarm systems v
Safety Systems
Fire-extinguishing systems v
Remote control systems for safety v
2. Smart Auxiliary Systems
Wind sensing systems v
Sun sensing systems v
Humidity measuring systems v
Climatic Control Systems
Temperature measurement systems 4
Automatic ventilation via windows v
Sun control and shading systems v
Monitor, manage and conserve energy v
Equipment that ensures optimum energy consumption v
Energy Management
e 9 Take advantage of renewable energy resources 4
Systems
Emphasis on the environmental dimension of energy v
Reaching self-sufficiency in energy resources v
Heating control systems v
HVAC Control Systems Ventilation control systems v
Refrigeration control systems v
Lighting and time management systems v
lighting control systems 4
Lighting Control Systems
Temporary Partition Systems 4
Photosensitive circuit breaker systems v
Water mixers with sensors to automatically open and close v
Water Management External sensors to detect any water leakage v
Systems
A system for utilizing wastewater in irrigation works v
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3. Smart Entertainment Systems

Monitor buildings remotely using a smartphone. v
Wi-Fi and Internet Connecting and controlling surveillance cameras via Wi-Fi v
Systems Irrigation of plants as part of the landscape wirelessly via Wi-Fi v
Control of all devices in buildings through Wi-Fi v

Surveillance systems using digital video recorders (SDVRS) v
Video Surveillance Obtaining follow-up between security personnel v

Systems

Data collection and analysis system v

Audio and video control systems v

Interactive viewing between users and building elements v

LAN network in buildings to connect the gateway phone and users' phones v

Sound and Video
Intercom Systems Connecting to the portal phone from the Internet v
User-specific audio systems through advanced centralized management and v
control systems

Monitors for controlling remote sub-systems v

6.3.3. Statistical Analysis of Smart Systems in the ROC
Office Building

This study deducted 43 smart systems, as detailed in
Table 6, categorized into three main categories. Surveying
the ROC office building in its status revealed the
following:

e For Smart Security and Safety Systems, it achieved 4
systems out of 9, where 5 systems do not exist.

e For Smart Auxiliary Systems, it achieved 9 systems
out of 21, where 12 systems do not exist.

e  For Smart Entertainment Systems, it achieved 5
systems out of 13, where 8 systems do not exist.

7. Results

Based on the devised smart systems, those listed in
Table 2, Table 4, and Table 6 to enumerate what has been

installed in the three selected administrative buildings in
the Egyptian context, following its three key categories, the
following results can be presented:

7.1. Results for Smart Security and Safety Systems

As shown in Figure 20, for security systems, CAE Bank
achieved 60% of the total smart systems devised in this
category, while the HSBC bank building achieved 40%;
finally, the ROC office building achieved 40%, where the
average is equal to 47%.

On the other hand, for the safety system, for security
systems, the CAE bank achieved 75% of the total devised
smart systems in this category, while the HSBC bank
building achieved 75%, and finally, the ROC office
building achieved 50%, where the average was equal to
67%.
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Figure 20. The average of the Smart Security and Safety Systems achieved in the three case studies (the authors)

7.2. Results for Smart Auxiliary Systems

As shown in 21, the Smart Auxiliary Systems were
divided into 5 sub-categories. The following results came
for the three case studies as follows:

CAE bank: 50% of the total devised smart systems
were achieved in the climatic control systems, 80% in
the energy management systems, 100% in the HVAC
control systems, 75% in the lighting control systems,
and 67% in the water management systems.

HSBC bank: 33% of the total devised smart systems
in the climatic control systems were achieved, 60% in
the energy management systems, 100% in the HVAC

control systems, 50% in the lighting control systems,
and 67% in the water management systems.

ROC office building: of the total devised smart
systems, 33% were achieved in climatic control
systems, 40% in energy management systems, 100%
in HVAC control systems, 25% in lighting control
systems, and 33% in water management systems.
The average percentage of systems achieved: 39% of
the total devised smart systems were achieved in
climatic control systems, 60% in energy management
systems, 100% in HVAC control systems, 50% in
lighting control systems, and 56% in water
management systems.
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Figure 21. The average of the achieved Smart Auxiliary Systems in the three case studies (the authors)
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Figure 22. The average of the achieved Smart Entertainment Systems in the three case studies and their average (the authors)

7.3. Results for Smart Entertainment Systems

As shown in Figure 22, Smart Entertainment Systems

were divided into three sub-categories. The following
results came for the three case studies as follows:

CAE bank: 50% of the total devised smart systems in
Wi-Fi and internet systems were achieved, 67% in
video surveillance systems, and 83% in sound and
video intercom systems.

HSBC bank: 50% of the total devised smart systems
in the Wi-Fi and Internet systems were achieved, 33%

in the video surveillance systems, and 67% in the
sound and video intercom systems.

ROC office building: 25% of the total devised smart
systems in the Wi-Fi and internet systems were
achieved, 33% in the video surveillance systems, and
50% in the sound and video intercom systems.

The average percentage of the achieved systems: 42%
of the total devised smart systems in the Wi-Fi and
internet systems, 44% in the video surveillance
systems, and 67% in the sound and video intercom
systems.
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8. Discussions

8.1. Highlighting Results

The previous results showed an optimistic impression of
the reality of the Egyptian context based on the scope of
this study. Smart systems have a significant potential to
increase sustainability in this sector. The Egyptian context
should pay attention to them, especially because certain
current projects have the infrastructure to support these
smart systems. The study ends with these results to
enhance sustainability through utilizing smart systems in
administrative buildings. This study enumerated smart
systems in three case studies in three categories, as shown
in Figure 23.

First, Smart Security and Safety Systems are divided
into two categories; For security systems, the CAE bank
achieved 60% of the total devised smart systems in this
category, while the HSBC bank building achieved 40%;
finally, the ROC office building achieved 40%, where the
average equals 47%. Security systems include traditional
cameras, alarm systems, and motion detection sensors. On
the other hand, for the safety system, for security systems,
the CAE bank achieved 75% of the total devised smart
systems in this category, while the building of the HSBC
bank achieved 75%, and finally, the ROC office building
achieved 50%, where the average is equal to 67%. Safety
systems include smoke sensors, fire alarms, control
cameras, and some alarm systems that serve as smart
elements.

Second, Smart Auxiliary Systems is divided into five
categories; for climatic control systems, the CAE bank
achieved 50%, the HSBC and ROC bank achieved 33%,
and the average was 39%. For energy management systems,
the CAE bank achieved 80%, while HSBC achieved 60%,
the ROC bank achieved 40%, and the average is 60%. For
HVAC control systems, the three buildings achieved 100%
of the existence of these systems. For lighting control
systems, the CAE bank achieved 75%, while HSBC
achieved 50%, the ROC bank achieved 25%, and the
average was 50%. For water management systems, the
CAE bank and the HSBC bank achieved 67%, while the
ROC bank achieved 33%, and the average was 56%. These
systems include some essential elements such as humidity
measurement systems, temperature measurement systems,
vents and curtains control systems, and energy
management as simple systems to monitor, manage, and
conserve energy and control lighting based on users'
movement. As for smart HVAC systems, there are some
limited control techniques through central control, and for
water and sewage systems in buildings, they are dealt with
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traditionally, except for the presence of some sensors in
front of some taps that allow water supply when placing
hands. Also, reused water systems in landscaping and toilet
cleaning systems, with some limited uses of renewable
energy are represented by solar cells.

Third, smart entertainment systems are divided into
three categories; for Wi-Fi and Internet systems, the CAE
bank and the HSBC bank achieved 50% of the total devised
smart systems in this category, while the ROC office
building achieved 25%; finally, the average is equal to 42%.
For video surveillance systems, CAE bank achieved 67%
of the total devised smart systems in this category, while
HSBC bank and ROC office building achieved 33%;
finally, the average is 44%. For video intercom systems,
the CAE bank achieved 83% of the total devised smart
systems in this category, while the HSBC bank achieved
67% and the ROC office building achieved 50%; finally,
the average is equal to 67%.

These systems include some essential elements such as
Wi-Fi and Internet systems, digital intercom systems,
control and monitoring systems for gates and entry points;
but through the internal networks of the buildings, not
remotely, and some limited sound systems and controlling
them in the internal spaces from a public control center in
the buildings and some intercom equipment. Currently,
there are some video surveillance systems to ensure
security, as well as some systems for visual communication
inside buildings that allow sound and image control
through traditional systems, allowing limited interactive
viewing between users and elements of the building. Due
to the lack of advanced communication strategies and
solutions, remote control, or user profiles that allow remote
work or building management, there are only limited video
surveillance systems to help ensure security and some
systems for interior visual communication.

8.2. Impact of the Applied Smart System on Enhancing
Sustainability in the Egyptian Context

The research was conducted to verify the study
hypothesis, as well as to answer the third question, as
follows:

The study proved that integrating smart systems into
administrative buildings enhances sustainability by
boosting its three pillars in the environmental, social, and
economic aspects. Based on this, it is found that the
buildings selected for the study obtained international
certificates in sustainability, confirming that using smart
systems enhances sustainability at its three levels. The
CAE building obtained a Platinum LEED certificate with
81/110 points, detailed in Figure 24.
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Figure 24. LEED Dashboard for CAE Bank
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Secondly, the HSBC Building received a Golden LEED certificate with a total score of 44/69 points, detailed in Figure
25.
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Figure 25. LEED Dashboard for HSBC Bank



2804 Utilizing Smart Systems to Enhance the Sustainability of Egyptian Administrative Buildings

Finally, the ROC Building was awarded a silver LEED certificate with a total score of 58/110 points, detailed in Figure
26.
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9. Conclusions

Recently, the new urban communities, including the
administrative buildings in Egypt, are struggling to harness
the potential of smart systems in architecture and urbanism.
However, various challenges hinder this trend. Thus, the
necessity of achieving smartness in buildings is based on
pushing efforts toward the scientific structure first and then
application second, considering a higher strategic vision
that adopts this concept. Smart building systems should not
only be imported or used, but they should be a natural
result of the impact on the overall situation of society.
Hence, this study’s conclusion summarizes the following
items:

Addressing the results in both theoretical and applied
sections leads to enumerating smart systems into three
major categories and sub-categories. The first category is
security and safety systems, and the second is auxiliary
systems, divided into five sub-systems: climate control
systems, energy management systems, HVAC systems,
lighting control systems, and water management systems.
Finally, the third category is entertainment systems,
divided into three sub-systems: Wi-Fi and internet systems,
video surveillance systems, and sound and video intercom
systems. The conducted case studies revealed through their
quantitative results promising indicators that motivate the
Egyptian context to move forward with this trend by using
smart systems to enhance the sustainability of Egyptian
administrative  buildings, validating the research
hypothesis, and answering its questions.

This Study Contribution has emerged by an enumeration
of smart systems that may be applied in the administrative
building types in the Egyptian context. This came through
listing them in the proposed checklist, acting as a tool to be
used in helping architects and other disciplines to inspect
the Egyptian context. Furthermore, it emphasized the
impact of these systems on the three pillars of
sustainability, accordingly enhancing them. Noteworthy,
this contribution will be influential in both the design and
evaluation stages.

Then, this study’s implications appear through the
applied study where the conducted case studies monitored
the features of smartness in the Egyptian reality and proved
their impact on the sustainability of administrative
buildings in Egypt. Finally, for future Research, this study
is looking forward to the establishment of a research unit to
enhance the trend of smart systems containing teams of
researchers and engineers in various disciplines to serve as
a house of expertise in research and consultancy that
applies smart systems to the new administrative buildings
in the Egyptian context. Furthermore, extending research
to integrate smart systems into the existing administrative
buildings to increase the benefits gained and enhance
sustainability in a wider scope.
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