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Abstract: Egypt is striving to improve energy exports and efficiency. Smart Buildings (SBs)
promote sustainability and represents an essential pillar of smart cities. Smart Systems (SSs) are the physical
infrastructure of SBs, serving the integration between their components and the users. Smart energy systems
(SESs) are among the essential SSs in SBs. This article's aim is boosting sustainability, relying on increasing
energy efficiency by harnessing the SESs, which divided into three key divisions: Smart energy management
(SEMS), smart energy generating (SEGSs), and smart energy consumption (SECSs). It concluded the features
of SESs to analyze several international and local case studies. Then, it developed and checked 35 initiatives of
SESs, relying on in-depth local surveys, to address smartness features in energy systems (ESs) according to their
priority, availability, and cost. These initiatives represent an appropriate and customized guide to architects,
stakeholders, and decision-makers, especially in the Egyptian scope. The study results concluded that only 22
initiatives were achieved by 62.86% and addressed their efficiencies. The discussion interpreted losing the 16
absent and weak initiatives regarding the technical, economic, and social obstacles to strengthen the current
Egyptian unprecedented urban development decision-making.
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1 Introduction countries [1].

Although energy addresses the most critical issues of
The sustainability issue is of great importance to the today and tomorrow, such as climate change,
United Nations, adopting it globally at the highest sustainable development, health and environment,
level, represented by heads of states and kings. The global energy and food security, and environmental
United Nations emanated global 17 sustainable protection, conventional energy systems have failed
development goals (SDGs), the entire world adopts to meet the multidimensional and multidisciplinary
these goals. The seventh goal is related to energy; it requirements of the twenty-first century [2].

included a set of sub-goals up to 2030. It aimed to
make sure universal access to affordable, reliable,
and modern energy services, increasing the share of
renewable energy substantially; doubling the global
rate of improvement in energy efficiency. Moreover,
enhancing international cooperation to
advance access to clean energy research and
technology, including renewable energy, energy
efficiency, and advanced & cleaner fossil-fuel
technology. The energy goal also promoted energy
infrastructure  investment and clean energy
technology, expanding the infrastructure, and
upgrade technology for supplying modern and
sustainable energy services for all in developing

Organizations worldwide have primary goals to
reduce energy consumption in the buildings sector, as
it is responsible for more than 40% of the world's
total primary energy consumption [3]. Energy
consumption in the construction sector is mainly
responsible for greenhouse gas emissions worldwide,
with its negative impact. Whereas all power chains
address this problem from management to generation
to consumption; Therefore, it is imperative to focus
on developing energy issue measures in the
construction sectors, with the advantages of its
management, generation, consumption,
conservation, and savings [4].
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Unfortunately, little progress has been made at the
international level in preparing for this, making it
imperative to intensify efforts to develop and
implement energy efficiency requirements in general,
focusing on the construction sector.

As a logical and natural consequence of the previous,
the global trend has recently emerged for those
interested in both energy and construction issues with
SESs. Research has shown its many advantages, as it
includes  three  dimensions that enhance
sustainability: Firstly, the environmental dimension,
which makes buildings well adapted to the
environment with its natural parts. Humanmade, as it
reduces emissions from building and construction
activities in search of synergies to reduce carbon in
its energy use cycle [5]. Secondly, the social
dimension considers the occupants' needs, including
providing an environment conducive to social
activities and obtaining the necessary internal
comfort to suit the constant variables and needs.
Thirdly, The economic dimension through its
economic feasibility. A previous survey found that
SESs can recover their actual value by saving energy
in the long term and enhancing sustainability,
although using SESs in buildings needs an additional
budget at the beginning [6], as shown in Fig. 1.

Sustainability

Smart Buildings

Smart Systems

Smart
Energy
Systems

Fig. 1: SESs and sustainability

It is imperative to intensify these efforts to implement
these requirements in various Egyptian contexts
where the ministries of higher education and
scientific research, electricity, energy, and industry
strongly sponsor these goals. Egypt's agenda 2030
showed that the energy issue among its most
important priorities. This national trend has reflected
many research types in energy efficiency.
Architecture has taken care of this issue for a long
time as significant demand for this goal, so the
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research point has found itself prominent in Egypt's
current scientific research strategy.

The building sector in developed countries is

responsible for about 40% of total energy
consumption [3]. This increase seems to be

continuing, necessitating increased energy efficiency
in buildings. The world faces challenges regarding
depleting fossil fuels, placing heavy responsibilities
to develop new smart energy solutions [7]. Therefore,
this article addresses SESs to boost energy efficiency
and sustainability, adopting the latest technologies to
provide a productive and cost-effective environment
with controlling, monitoring, and optimize building
operations and maintenance.

Therefore, this study aimed to harness (SESs)
smart energy systems with their environmental,

social, and economic advantages to
promote__sustainability as an end goal by

raising energy efficiency as an interim goal. The
theoretical study will conclude a general framework
that helps develop sets of initiatives for utilizing the
SESs in the Egyptian context to enhance buildings'
energy efficiency as an entry point to boosting
sustainability.

Hence, the applied part examined the existence,
importance, and prioritization of the developed
initiatives in the Egyptian context through careful
surveys, and then the research reached the results,
revealing the urgently needed initiatives to enhance
the Egyptian energy system. The discussion
provided justifications for the absent initiatives
to direct the research to its conclusion.

2 Methods

This study aims primarily to enhance sustainability
by utilizing SESs. It relied on the inductive approach
of the sustainability concepts, smart buildings, SESs,
and their relationship to achieve that. Moreover, it
also relied on a case study approach to address and
analyze similar global, Arab, and local cases. The
deductive approach was also used in developing the
initiatives of smart solutions concerning SESs. On
the other hand, the application method, survey, and
descriptive-analytical approach are used to develop
and check these initiatives in the Egyptian context.

The applied section aimed to analyze the gap between
the proposed initiatives and the real situation through
the same elements derived in the theoretical section.
Moreover, it extended its aims to study, analyze, and
document the gap between the available possibilities
and the shortcomings of the absent Iinitiative,
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focusing on the justifications and the interpretations
for this absence down to the results, discussions, and

conclusion in Fig. 2.
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its specific regional climate. Lighting and water
heating have a significant consumption rate [8]. The
term SESs appeared in 2000; From 2009 to 2013, the
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3 Literature review

Egypt adopted energy efficiency policies in several
sectors [8], taking strides toward exploiting
renewable resources to enhance sustainability.
Integrated sustainable energy strategy 2035 prompts
its capacity to be 42% of power capacity by 2035 [9].
Many factors can affect total energy consumption
caused by using various buildings' complex systems.
So, the SESs are mainly installed to rationalize such
energy consumption [10]. Egypt's cooling systems
have many energy-consumption patterns because of
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word "smart" became necessary, referring to the
wider use of the Control Management Systems
(CMSs). After that, the term "systems" took great
significance for the term SESs to cover all
construction sectors [11].

The study of "renewable energy transport scenarios
towards 2050" in Denmark addressed and developed
SESs at the CEESA project [12]. SESs had its formal
definition in 2014. Later, many articles used this term
concerning energy systems simulation, energy
efficiency, sustainable transport, and implementing
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SESs for Europe's whole [13]. Then, the relationship
between sustainability and SESs was wholly
established [14]. It was expected regarding the
residential sector to reduce carbon emissions to be
under the Paris Agreements to mitigate global
warming and alleviate energy poverty [15].

Global interest in SESs has increased as it got its
importance at multiple levels by linking the internet
of things (IoT) to the SEMS for maximizing energy
efficiency through the collective energy information
[16]. Moreover, an [oT framework was proposed for
SESs, which involved considering users' preferences
[10]. A framework was presented of both Multi-
Agent System MAS and SEMS that made SESs more
flexible, adaptable, and extendable to ensure energy
optimization [17]. A cloud-Enabled BEMS (CE-
BEMS) was introduced, where the cloud used
computing to improve management mechanisms and
energy-saving functionality for SBs [18]. Smart
lighting management strategies proposed the
achieved energy savings of about 44% compared to
conventional systems [19]. The WinLight app. was
designed to enable occupants to customize their
luminance preferences and use their mobile devices
to control nearby lighting [20].

The benefits of creating a smart HVAC system were
presented, which leads to users' thermal comfort with
lower energy consumption. The implemented
initiative regarding Model Predictive Control (MPC)
of HVAC systems in a real environment is based on
IoT [21]. It links sensors, controls, and actuators
subsystems with the end-user interface remote
control through the internet using a remote database
server and a control unit [22].

Accordingly, SESs in buildings can directly boost
sustainability through energy efficiency, user
comfort, and reducing harmful emissions relying on
IoT. So, the study divides SESs into three key
systems sections: (SEMS), (SEGSs), and (SECSs); as
shown in Fig. 2, this study will detail all these
sections as follow.

4 Egyptian energy status

Egypt's vision 2030, especially in energy, emerged
from the sustainable development goals emanating
from the United Nations, especially the seventh goal.
It aims to achieve a diversified, stabilized, and
sustainable economy. Renewable energy has a vital
role in integrating the Sustainable Energy Strategy up
to 2035 [9]. Egypt developed sustainable green
building standards and codes to ensure long-term
energy conservation in buildings, which are
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optionally applied because of poor control [8].
Although the rules and regulations for green and
energy-efficient buildings have been settled, there are
significant hurdles, such as:

a. Lack of strict energy price control negatively
affects energy efficiency economic incentives [8].

b. Green technologies' incremental costs are too high
for the low-income population [23].

c. Besides the weak monitoring of the construction
and systems installation, the absence of obligation
in implementing the green building codes [§].

d. The lack of appropriate educated, professional
qualification, and well-trained technical staff;
besides the absence of public awareness about end-
user needs [23].

e. The growth rate of energy demand in the buildings
sector increases by 135% during 2014-2030. In
response, the Egyptian government took bold
measures to pursue an energy diversification
strategy with increased renewable energy
production and energy efficiency [9].

5 Division of Smart Energy Systems (SESs)

The study divided the SESs into the next three key
systems categories:

5.1 Smart
(SEMS)

Energy Management System

SEMS is installed to manage, control, monitor, and
optimize energy usage. This system also depends on
collecting data from and for users Fig. 3. It related
systems typically account for 40% of a building's
energy usage, and when lighting is included, the ratio

* Temperature sensors. )
*Humidity sensors.

Srinethr e *Light levels sensors.

by sensors and
measurements

*Motion sensors.
* Other sensors and measurement tools. J

N
*Network (Internet IPs).
*Field Conftroller.

Processing the

collected data

~

* Adapting with the environment and the
occupats’ desires/needs.

Decision

making /

Fig. 3: Basic operations of BMS
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can reach 70%, representing a critical factor in
raising energy efficiency [24].

SBs should be designed to specific requirements with
a certain context-awareness, as the environment and
occupants' status play critical roles [25]. The SEMS
could not accommodate growing numbers of end
devices on its own, e.g., power equipment and loT
devices, and efficiently emerging energy resources.
Uikyun et al. proposed a Fog BEMS to overcome
those limitations, which applies an emerging
principle of fog computing to a BEMS. Data is not
provided from sensors only; also, free and cheap data
resources available on the web, as various activities
extracted information on connected computers to the
internet, weather forecasts, materials used in
construction and finishing, the size of architectural
spaces, personnel schedules, calendars, room, or
building reservation systems [26].

5.2 Smart
(SEGSs)

Energy Generating Systems

It is addressed in the Egyptian scope through:
5.2.1 Smart Grids (SGs)

The successful development of SGs involving SBs is
one basis of smart cities, where smart IPs with
sensors and other equipment overlay the electricity
grid. The microgrid solution will improve hundreds
of households in a building or an area so that private
management of household demand is integrated; this
requires integrated controls on building automation
[27]. These users' names are changed to "prosumer"
to distinguish them from ordinary consumers who
often burden the grid and producers. It will enhance
network management, limit the electricity losses,
prevent outages, load-shed, and provide customers
with in-house information and tools, relying on smart
meters that enhance energy consumption.
Additionally, utilities will minimize their carbon
emissions, offering a better trading market [28].

5.2.2 Smart renewable energy resources

The integration between local generating renewable
resources moves the end-user from customer
to supplier during each operating cycle. This
broadens the range of potential power demand/output
values [27]. Renewable energy resources provide
electricity at a lower cost with low carbon emissions
[29]. It can be addressed through:

The Photovoltaic system is of the most
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promising electricity-producing innovations [30].
Wind Energy can feed the central grid or be
consumed locally using small standalone wind
turbines [31]. Geothermal Energy is mainly used to
heat buildings [29]. Bioenergy (biomass) can exist in
heat and electricity [32]. Smart generating solutions
boost sustainability. It has a better environmental
impact by lowering global warming and improving
public health. As it is not depleted energy, it has an
affordable and stable price. Moreover, it is reliable,
resilient, and less likely to fail at a large scale.

5.3 Smart Energy Consumption Systems
(SECSs)

The culture of energy conservation is weak in Egypt;
this gives the SECSs its importance. In this scope,
lighting and air-conditioning systems are the most
energy-consuming systems in buildings, as follows:

5.3.1 Smart Lighting systems

Plug and lighting loads consume 12-50% of building
energy collectively on average, and it rises at a rate
of 0.8% annually [33]. LED lamps are added to the
list of energy-efficient light sources. Its fixtures can
use 75- 80% less energy than incandescent bulbs, and
it can last 25 times longer [34]. LED lighting system
achieves energy savings by 44% compared to the
fluorescent system [19].

The efficient control of smart indoor lighting systems
is non-linear and time-variant, and it depends on a
web-enabled and integrated server [35]. A WinLight
app. was proposed to enable occupants to control
lighting due to their preferences. Its experimental
results have demonstrated that it has achieved energy
savings of between 93.09%- 80.27% compared to the
fixed scheduled lighting control scheme and PIR
sensor-based lighting control scheme, thus
maintaining the comfort of the lighting allocated to
the occupant. [20].

5.3.2 Smart HVAC systems

The smart HVAC Systems help energy and
operational cost-saving, making maintenance more
efficient. Moreover, it is possible to retrofit old
buildings for Smart HVAC Systems [36]. It
significantly affects the end user's virtual behavior by
its new control architectures that energy optimization
without neglecting occupants' thermal comfort.
Furthermore, it provides policymakers and end-users
with an interactive tool to monitor and control the
HVAC system [22]. In the field, several and terminal

Volume 17, 2021



WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT

DOI: 10.37394/232015.2021.17.10

devices are used to collect and control system data.
Sensor controllers use device input and data to decide
and then monitor actuator devices based on input
information as thermostats, sensors, etc. [37].

6 Case studies: Analyzing the SESs in
SBs

This article analyzes some case studies to touch SESs
features that enhance energy efficiency to root
sustainability in its broadest sense, and
selecting them based on technologies to adapt
their ideas to suit the Egyptian context and end-
user needs.

6.1 Sample selection criteria
Selected samples are subjected to the following

criteria:

a. Number of samples: The article analyzed 12
different international samples, two in the Arabic
context and two in Egypt, to cover the SESs features
in many environments and various technical levels.

b. Location of samples: It was chosen in different
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technical, civilized, and cultural levels to check the
existence of SESs components, according to what
already appears in the theoretical sections.

c. The sample's country's perspective regarding
SBs: It covered the perspectives of the USA, Europe,
and Asia, besides Arabian and Egyptian samples to
define the manifestations of smartness in different
contexts; besides, it gives an initial view of the
Egyptian situation from this perspective.

d. Date of construction: to give a historical
overview of its existence sequence in various
contexts internationally.

e. Sample reputation: through achieving energy
goals, winning awards, or being famous in this field.

6.2 Conducting the case studies

These case studies address SBs, which have adopted
from the beginning the SESs concepts to reflect
different conditions internationally. The study
simplified the analysis through an inventory of the
energy systems' smartness features as addressed in
the theoretical part into SEMS, SEGSs, and
SECSs, as shown in Table 1.

Table 1: The three key SESs' categories

v’ = Exist x = Not Exist P = Passive A = Active M = Manual Au = Automatic
M/Au = Manual + Automatic P/A = Passive + Active
= . Smart energy three key systems' categories
£ Case studies SEMS SEGSs SECSs
) (Locations)
&) Lf{/Wd|Oo| Ge |Ralc|HVACc| Fc | Da |SGs|RRs|RL|DL|Nv/HVACs|Nc|Swh
151 North Franklin building, VIVIVIA|A A *x |A|VY | x| V|V|IV] Vv |V|V
i B B
< Chicago, U.S.A. 2018 [38] E g g « | 2
2 s/ 5| = >
Hearst Tower, New York, U.S.A. x|V [V IPIAl A| PIA | x [PIA| vV | x |V |V |V v x| x
2006 [39] Au| Au| Au | % |[Au
The Edge building, Amsterdam, VIVIVIA|IA]| PA |A|A|YV |V |V|VIV] vV V|V
CREE 5 s =
Netherlands. 2014 [40] 2|2 2 2|2
= | = = | ==
Hegau Tower, Singen, Germany. x|V |IV|IA|A| PA |[APA VYV | x |V |V|V| VvV |x]| x
2008 [39] S| 2 = >
= The GSW headquarters, Berlin, x|V IVIA|A| PA [PA|A|V | x |V |V |V v |V x
“é Germany. 1999 [41] g ; ; ; g
5 = | = = | ==
M |The Environmental Building (BRE), | % | v | v |[P/A| A A A|lA |V |V I|IVIV|IV|] v |V] x
Garston, UK 1996 [41] §S iﬁs iﬁs 2 é
= | = = p=
Helicon, London, UK. 1996 [41] x|V |IVIA|A A AlA|Y | x |V|VI|V] vV |x]| x
= =
=] <\C <\C = -
< S S < | <
x| x [V|A]| A A x | Pl V| x |V |V |V v Vi x
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Tax Office Extension, Enschede, <= 5:: 5::
The Netherlands. 1996 [41] S| s S & &
Headquarters of Gotz, Wurzburg, VIiVIVIA| A A AlA| VYV |V |V|V|V v V|V
Germany. 1995 [41] 5| = = =
212 2 |z|2
= | = = =
The Brundtland Centre, Toftlund, x| x | VIA|A A A|lA| V| x |V|V|V v |V x
Norway. 1994 [41] é g:‘ g:‘ é é
= | = = =
Shanghai Tower, Shanghai, China. |v'| v |v | P |[P/A| P/A |P|P |V |V |V |V |V| YV |x]| x
2015 [39 s =
13] N
k- =| =
< [Mode Gakuen Spiral x| x |[v|P|PA| PPA |P|P |V | x|V[Vv|v]| v [x]|x
Towers, Japan. 2008 [39] = =
x| < < x| x
= =
Al Hamra Tower, x| x |V | P |PA P [PA|P |V | x |V ]|x|x v x| x
Kuwait City, Kuwait. 2012 [39] = 5
x| < x < x
'é = =
< |Burj Khalifa, Dubai, UAE. 2009 [39]|Y' | v |V | A |[P/A| P/IA |A|A |V | x |V |V |x v x| x
5 5
Au| Au < < Au
= | =
ECG, Smart Village, Egypt. 2010 x|V |x|x A x| x|V | x |V]|x]|x v |V x
= |[42] x| x| Au | x| x
>
= |Vodafone, Smart Village, Egypt. x|V |x| x| A A P|x |V | x |V]|x|x vV x
2004 [43] x Au Al.l x x
The essential features of SESs in buildings that (Gce) Glare control blinds/ louvers: Most SBs have
proposed in Table 1 as initiatives to analyze these active Gc features controlled automatically by the
buildings, as follows: SEMS or occupants.
6.3 Analysis of the systems' three main (Ralc) Responsive art1ﬁ01al. l%ghtlng gontrol&
t ies included in th tudi (HVACc) HVAC control: It significantly increases
categories Inciuded In the case studies energy efficiency and controls consumption.
The study enumerated key features of essential (Fe) F abric cont.rol WindOWS/ dOQTS/ dampers& (Da)
attributes regarding SESs as detailed in Table 1. The Daylight reflection/protection adjustment: It controls
coming points will interpret symbols contained in heating, cooling, ventilation, and lighting process,
that table and show its function through its three depending on the available smartness.
divisions, as follows: b. SEGS: through two key features, as follows:
a. SEMS: through eight key features, as follows: (SGs) Smart grids: Where smart IPs with sensors and
(Lf) Learning facility: Its strategies are not common other equipment overlay the electricity grid. It
in SBs, especially before 2010, but it became vital to enhances. 'fhe managing of the network, limits
allow the SBs to keep the occupants' preferences. So, the electricity losses, prevents outages, etc.
it helps SEMS to decide regarding energy efficiency (RRs) Renewable resources: It boosts sustainability
controlling based on previous data. as it is clean, reliable, and stable energy. Moreover, it
(Wd) Weather data: SBs need to collect it with reduces harmful emissions.
various sensors and measurement tools. c¢. SECS: through six key features, as follows:
(Oo) Occupant override: A strategy facilitates desires (RL) Responsive lights: It is high-efficiency lighting
and needs by overriding the automatic systems [10]. depending on motion sensors and body recognition.
It is obeying the occupants' preferences granted . T
its importance to all SBs regarding energy saving. (DL) Day!lght& () Natu‘ral ventilation: they are
essential in SBs to exploit these free potentials
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needed for the operational process sustainably.

(HVACs): Depending on its provision with smart
systems installations, it saves energy substantially,
compared with conventional cases.

(c) Night cooling systems & (Swh) Solar water
heating: It depends on the building function, working
hours, and climatic zones' changes, taking advantage
of the potential of the environment smartly and
promotes sustainability.

This article addresses the gap between the Egyptian
perspective and the others in describing the
Egyptian BMS's role, where it only controls and
monitors the lighting and HVAC systems, which
does not contain responsive control or make effective
decisions. It passively affects Egypt's energy
performance, as smart buildings increase energy
efficiency by 30-40% than conventional [41]. This
supports this article's hypothesis and aims. Moreover,
it emphasizes that we need to adopt the concept of
energy-efficiency in architectural practices in Egypt.
It is a serious contemporary issue at the national
level. It then comes up with a mechanism that helps
the architectural field employees boost it in all stages,

Usama Konbr, Ehab Maher

focusing on smart systems. So, the extracted
proposed initiatives from both the theoretical and
case studies firmly find their way to share in
decreasing the gap recorded to boost national
sustainability.

7 Developing initiatives for boosting
SESs in the Egyptian context

This article developed 35 initiatives after
investigating the Egyptian situation by summarizing
the essential manifestations of SESs in Table 2
through  justification, impact, priority, and
availability to support this new trend in Egypt. The
study identified descriptive and average cost based
on the survey with the 2020 general inspection of the
global market prices based on the products
datasheets.  Although  priorities and  costs
vary depending on the project site, the table will help
in decision making based on technical and financial
facilities for energy preferences; this will be
subjected to the consultant selectivity during projects
preparation for its tender documents.

Table 2: Listing the proposed SESs initiatives

(Hi) High (Me)Medium (Lo) Low (¥) Exist

(%) Not Exist (a) Affect directly

(n) Affect indirectly

(Ru) Resource utilization (Es) Energy savings (Id) Informed decision (Is) Improved services (Rm) Risk mitigation

Classifications Smart energy systems' initiatives Justification/ Impact| Pr | C | Availability
AEIEEE: z|3
1. Collecting information about the existence of indoors occupants ala|n|n| n |Hi[Me v |V
2. Collecting indoor and outdoor environmental data by using sensors | a | a |n [n| n | Hi [Me| v | v
3. Interaction between units of industrial lighting and SEMS n|a|njaln |Hi|Me x | vV
4. Enabling the interaction between the HVAC system and the SEMS | n | a|n|a| n |Hi [Me| *x | v
5. Adjusting the maintenance rates of the lighting system n|a|njal a |Hi|Me x | vV
6. Adjusting the maintenance rates of the HVAC system n|la|nfal a |Hi|Mel x | Vv
7. Adoption of high-speed internet n|nj|ala| n |Hi|Me v
8. Using systems with long operational lifespan with low operating n|la|nfn|a |Hi|H| v | VY
costs
2 9. Developing building management systems (BMS) and smart energy| n | a |a [n| n |Hi|Hi| v | v
E management systems (SEMS)
“ 10. Spaces reports based on counted people ala|n|n| n [Me|lLo| %
11. Using digital control where each separate space or systemhasan | n |n|n|a| n [MeMe| v | v
IP address
12. Connecting ESs through the ethernet networks nin|njaln |MeMe v | %
13. Setting interfaced SEMS with net-zero energy consumption n|la|nfal n |Me|Mel v | Vv
14. Promoting the concept of the internet of things (IoT) n|n|njaln |MeMe % | v
15. Using wireless technologies and cloud storage n|n|n|aln |MeMe v |V
16. Recurrence of the system breakdown (testing of the system n|n|nfn| a |[Me|Mel *x | v
collapse)
17. Availability of integrated, Interactive, and smart spaces njalalaln MelHi| x | x
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18. Displaying QR codes on the walls that can be scanned for n|{n|n |Lo|Lo| v | ¥
information about the location, mapping, schedules, and
controlling the energy systems
19. Scanning free spaces and free chairs indoors, i.e., classrooms, nja|n |LoMel v |V
study halls, offices, etc. that provide data for both the
energy management systems and managers
20. Applying face recognition technology for different spaces for n|in| a |Lo|[Mel % | VvV
attendance and behavior monitoring
SEGS 21. Adopting renewable resources as sustainable n|n|n [MelHi| v | ¥
s .
22. Applying smart grids n|n|n [Me|lHi| v | vV
23. Enabling occupants to override automation mode nla|n [HilLo| v | v
24. Using smart lighting units and LEDs nja|n |HiMe v |V
25. Establishing and equipping an emergency lighting network n|a|n |HiMel v |V
26. Promote integration between daylight and artificial lighting units n|n|n [MelLo| * | v
& to take advantage of natural resources sustainably
- ] N
w2 |27. The widespread use of smart lighting control systems a|n| n |MeMel v |V
28. Utilizing the smart LED dimming systems ala|n|a|n |MeMel v |V
29. Measuring the efficiency of lighting units and maximizing n|njnjala |MeMe vV |V
consumption rationalization mechanisms
2 30. Setting the fingerprint lighting management system n|alalaln |[Me|lHi| x | v
8 31. Using the smart control to make sure the indoor environmental njalaln|ln Hi|[Me v | v
@n quality regarding air, smoke, energy-reduction, temperature
sensing, air velocity, humidity, and occupants motion sensing
32. Use smart control in HVAC systems by considering the electricity | n | a |a |n| n | Hi [Me| *x | v
consumption rates in them and the price of the power unit in terms
2 of its classification as commercial use
E 33. Promote integration between ventilation and the HVAC systems | a |[a |n|n| n |Me|Lo| v | ¥
to take advantage of natural resources, enhancing sustainability
34. Providing the requirements for controlling the indoors' health n|n|nfala |MelLo| v | vV
dimension, including measuring the fresh air change's rate
35. The systems can override control and automation systems in n|aln|aln |[Me|Me| *x | Vv
HVAC systems as an option when necessary

The initiatives that appeared in Table 2 represent this
article's actual outputs related to SESs, which keep
the same division addressed in the theoretical section.
The article set three categories to give a unified vision
for the architect to support his new trend.
These categories contain symbols, which divided into

® (Id) Informed decision: How the application
directly affects decision-making in systems?

= (IS) Improved services: How the application
affects systems to maximize performance?

= (Rm) Risk mitigation: How the application
helps directly minimize threats in data?

(Pr) Priority: Analyzing case studies addressed in

Table 1 by dividing it into three divisions: high,

(C) Cost: It means the average cost depending on
the product's datasheets, and it is divided into

six columns dealing with the initiatives through the d.

following abbreviations:

a. Classifications: It contains the three divisions of medium, and low.
SESs, which are SEMS, SEGSs, and SECSs. e

b. Smart Energy Systems' Initiatives: It is 35 and X ;
divided according to the classifications. ¢ high, medium, and low.

c. Justification/ Impact: It comes through five axes;
these are:

= (Ru) Resource utilization: How the application
affects the resources to  maximize
performance?

= (Es) Energy savings: It refers to the effect of
the application in the energy sector.
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(Av) Availability: Through the next two axes:

®* (Hw) Hardware: It refers tothe physical
components.

= (Sw) Software: It refers to a set of instructions
that enable users to interact with systems or
give the system the instructions of what to do.
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8 Checking the developed initiatives in
the Egyptian context

The study considers the data set in Table 2 as a tool
contributing to establishing similar data as
abbreviated in Table 3 to examine three types of data
regarding the availability, existence, and efficiency.
Ten samples were conducted in the smart village to
verify these initiatives in Egypt through the survey's
checklist filled out by staff and technicians. The
samples' numbers were reduced to five, considering
smartness features. The chosen samples are ECG

(Engineering  Consultants ~ Group),  Orange
(Telecommunications Corporation), HSBC (bank),
Oracle Egypt (Multinational computer

technology corporation), and Huawei (Chinese
multinational technology company).

The survey aims to show the gap between the
proposed initiatives of SESs and their counterparts in
the Egyptian context. The study reflects the
concluded concepts and details to formularize a tool
to examine the existing buildings using the prepared

Usama Konbr, Ehab Maher

Table 3 that contains the following categories:

a.

b.

C.

.

Classifications: It contains the three divisions of
SESs: SEMS, SEGSs, and SECSs.
Initiatives of SESs: The deducted 35 initiatives.

Availability: It shows the market status regarding
the application/ initiative. Its possibilities are:

= (Av0): Not available (%)
= (Avl): Available V)
= (Av2): Available in abundance )

Existence: It refers to the existence of the
initiative or not.

Efficiency: It refers to the performance of the
existing initiative, which comes through three
axes; these are:

= (B) Bad: The weakness of the efficiency.

= (M) Moderate: The efficiency is average.

" (G) Good: It shows an effective, beneficial,
and robust performance.

= (NA) Not applicable: It means that the
initiative is not achieved/exist.

Table 3: Checking what was achieved from the proposed 35 initiatives of SESs in the Egyptian context

Classifications
Egyptian scope

The proposed 35 initiatives of SESs in the

Priority Exist

(Pr)

Availability [Sample
name

Av0|Avl | Av2 B

Efficiency
M| G

indoors occupants

1. Collecting information about the existence of

Hi v |ECG v
Orange
HSBC
Oracle

Huawei

v

v

AN

data by using sensors

2. Collecting indoor and outdoor environmental

ECG
Orange
HSBC
Oracle
Huawei

ANANERNENAN

and SEMS

3. Interaction between units of industrial lighting

ECG
Orange
HSBC
Oracle
Huawei

NA

NN

NA
NA

SEMS

system and the SEMS

4. Enabling the interaction between the HVAC

ECG
Orange
HSBC
Oracle
Huawei

ANENENEN

system

5. Adjusting the maintenance rates of the lighting

ECG
Orange
HSBC
Oracle
Huawei

system

6. Adjusting the maintenance rates of the HVAC

ECG
Orange
HSBC
Oracle

A RN AN RN RN RN RN AN RN R AN AN RN RN ) AN RN R ENANENENENANENENENEN
NENANENENENANAN
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Huawei| v v
7. Adoption of high-speed internet Hi ECG v v
Orange| v v
HSBC | v v
Oracle | v v
Huawei| v v
8. Using systems with long operational lifespan| Hi ECG v v
with low operating costs Orange| v v
HSBC | v v
Oracle | v v
Huawei| v v
9. Developing building management systems| Hi ECG v v
(BMS) and smart energy management systems Orange | v v
(SEMS) HSBC | v v
Oracle | v |V
Huawei| v v
10. Spaces reports based on counted people Me ECG v v
Orange| v v
HSBC | v v
Oracle | v v
Huawei| v v
11. Using digital control where each separate Me ECG x NA
space or system has an IP address Orange | X NA
HSBC x NA
Oracle | % NA
Huawei| X NA
12. Connecting ESs through the ethernet Me ECG x NA
networks Orange | X NA
HSBC x NA
Oracle | % NA
Huawei| X NA
13. Setting interfaced SEMS with net-zero energy | Me ECG x NA
consumption Orange | X NA
HSBC x NA
Oracle | % NA
Huawei| X NA
14. Promoting the concept of the internet of Me ECG x NA
things (IoT) Orange | X NA
HSBC x NA
Oracle | % NA
Huawei| X NA
15. Using wireless technologies and cloud Me ECG x NA
storage Orange| * NA
HSBC x NA
Oracle | * NA
Huawei| X NA
16. Recurrence of the system breakdown (testing | Me ECG v v
of the system collapse) Orange | v v
HSBC | v v
Oracle | v v
Huawei| v v
17. Availability of integrated, Interactive, and| Me ECG x NA
smart spaces Orange| * NA
HSBC | x NA
Oracle x NA
Huawei| X NA
18. Displaying QR codes on the walls that can be Me ECG x NA
scanned for information about the location, Orange | % NA
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mapping, schedules, and controlling the HSBC x NA
energy systems Oracle x NA
Huawei| X NA
19. Scanning free spaces and free chairs indoors; Lo ECG v v
i.e., classrooms, study halls, offices, etc. that Orange| v v
provide data for both the energy management HSBC | v v
systems and managers Oracle v v
Huawei| v v
20. Applying face recognition technology for| Lo ECG v v
different spaces for attendance and behavior Orange | % NA
monitoring HSBC | v | |V
Oracle | * NA
Huawei| X NA
SEGSs 21. Adopting renewable resources as sustainable Me ECG x NA
Orange| *x |v | |
HSBC | x NA
Oracle | % NA
Huawei| X NA
22. Applying smart grids Me ECG x NA
Orange | X NA
HSBC | x NA
Oracle | % NA
Huawei| X NA
23. Enabling occupants to override automation Hi EC v | v |
mode Orange | X NA
HSBC | x NA
Oracle | % NA
Huawei| v v
24. Using smart lighting units and LEDs Hi ECG v v
Orange| v v
HSBC | v v
Oracle | v v
Huawei| v v
25. Establishing and equipping an emergency | Hi ECG v v
lighting network Orange | v v
HSBC | v v
Oracle | v v
Huawei| v v
26. Promote integration between daylight and| Me ECG x NA
= " artificial lighting units to take advantage of Orange | % NA
8 S natural resources sustainably HSBC x NA
7 @ Oracle | * NA
Huawei| X NA
27. The widespread use of smart lighting control Me ECG x |V | |
systems Orange| * NA
HSBC | x NA
Oracle x NA
Huawei| X NA
28. Utilizing the smart LED. dimming systems Me ECG x NA
Orange| * NA
HSBC | x NA
Oracle x NA
Huawei| X NA
29. Measuring the efficiency of lighting units and| Me ECG x NA
maximizing consumption rationalization Orange| * NA
mechanisms HSBC x NA
Oracle x NA
Huawei| X NA
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30. Setting the fingerprint lighting management Me x ECG x NA
system Orange| X NA
HSBC | x | v | |
Oracle | * NA
Huawei| X NA
31. Using the smart control to make sure the Hi v |[ECG v v
indoor environmental quality regarding Orange| v v
air, smoke, energy-reduction, temperature HSBC | v v
sensing, air velocity, humidity, and Oracle v v
occupants motion sensing Huawei| v v
32. Use smart control in HVAC systems by | Hi v |ECG v v
considering the electricity consumption rates Orange| v v
in them and the price of the power unit in HSBC | v v
terms of its classification as commercial use Oracle v v
Huawei| v v
33. Promote integration between ventilation and | Me x ECG x NA
3 the HVAC systems to take advantage of Orange | X NA
<>ﬂ natural resources, enhancing sustainability HSBC x NA
= Oracle | % NA
Huawei| X NA
34. Providing the requirements for controlling the | Me v |[ECG v v
indoors  health  dimension, including Orange | v v
measuring the fresh air change's rate HSBC | v v
Oracle | v v
Huawei| v v
Me x ECG x NA
Orange | X NA
HSBC x NA
Oracle | % NA
Huawei| X NA
9 Results The achieved initiatives in all sections are 22,
representing 22/35 = 62.86%. Moreover, its average
This article developed 35 initiatives listed in Table 2; count = 17.6 initiatives, representing 50.28% of the
the applied section checked ten samples (reduced to total recorded samples' initiatives, as shown in Fig. 4.

five documented samples) as shown in Table 3 to
check the existence and evaluate the achieved
initiatives efficiencies in the Egyptian situation. The 35
developed initiatives have been divided into three 30

sections, as shown in Table 4. g 25
g 2 18 18 19 = 17 17.6
Table 4: The achieved SESs initiatives in the samples Z 15
10
SEMS 5 I
1 2 3 4 5 6 7 8 9 10 0 Proposed ECG Orange  HSBC Oracle  Huawei  Average
Initiatives
16 19 | 20 =
SEGs Fig. 4: The SESs achieved initiatives in the samples
21 M ’ ‘ ‘ ‘ ‘ ‘ ‘ The applied study revealed the following results in
SECSs Table 5 regarding the three sections' initiatives'
23 | 24| 25 27 30 | 31 | 32 existence and efficiencies.
34
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Table 5: The results of the applied studies

No. of total No. of Ratio The ratio of The ratio of the The ratio of the
proposed | achieved of proposed achieved average average efficiencies
E initiatives/ | initiatives/ | section's initiatives/ | initiatives/ Total efficiencies considering only
B> Section Section Total number of number of considering the the achieved
A proposed initiatives proposed number of all number of
in all sections initiatives per | initiatives/ Section |initiatives/ Sections
section
SEMS 20 13 20/35=57.14 % 13/20=65 % 38.55% 84.15%
SEGSs 2 1 2/35=5.72% 1/2=50% 2.5% 5%
SECSs 13 13/35=37.14 % 8/13=61.4% 28.8% 46.88%
35 22 100 % 22/35=62.86 %

Analysis of the initiative's existence in each
section:

(a) Analysis of the initiatives in the SEMS section:

No. of total proposed initiatives in this section = 20
initiatives. No. of achieved initiatives in this section
= 13 initiatives. The ratio of proposed initiatives in
this section = 20/ total number of proposed initiatives
in all sections 35 = 57.14 %. The ratio of achieved
initiatives in this section 13/ total number of proposed
initiatives per section 20 = 65%. Regarding the
efficiencies of the achieved initiatives, its ratio =
38.55% considering all initiatives' number in this
section = 20. Simultaneously, it increased to reach
84.15% when calculating it, considering only the
achieved initiatives.

(b) Analysis of the initiatives in the SEGSs section:

No. of total proposed initiatives in this section = 2
initiatives. No. of achieved initiatives in this section
= 1 initiative. The ratio of proposed initiatives in this
section = 2/ total number of proposed initiatives in all
sections (35) = 5.72%. The ratio of achieved
initiatives in this section 1/ total number of
proposed initiatives per section (2) 50%.
Regarding the efficiencies of the achieved initiatives,
its ratio = 2.5% considering all initiatives' number in
this section (2). Simultaneously, it increased to reach
5% when calculating it, considering only the
achieved initiatives.

(c) Analysis of the initiatives in the SECSs section:

No. of total proposed initiatives in this section = 13
initiatives. No. of achieved initiatives in this section
= 8 initiatives. The ratio of proposed initiatives in this
section = 13/ total number of proposed initiatives in
all sections (35) = 37.14 %. The ratio of achieved
initiatives in this section 8/ total number of
proposed initiatives per section (13) = 61.4%.
Regarding the efficiencies of the achieved initiatives,
its ratio = 28.8% considering all initiatives' number
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in this section (13). Simultaneously, it increased to
reach 46.88% when calculating it, considering only
the achieved initiatives.

Analysis of the initiatives' efficiency ratio in each

(a) Analysis of SEMS efficiency ratio:

The data listed in Table 4 is embedded in Fig. 5.
Besides, it determines each initiative's efficiency
ratio, conducting a meaningful result by analyzing
the 13 achieved initiatives in this section. Then, the
ratio of the average efficiencies considering the
number of all initiatives in this section =

(65+50+30+70+75+70+75+75+46+65+70+50+30) /
2000 = 771/2000 = 38.55% of the total targeted
efficiency in this section.

On the other hand, for the 13 achieved initiatives
only, this ratio increased to be 771/1300 = 84.15%.

(b) Analysis of SEGS efficiency ratio:

The data embedded in Fig. 5 determines each
initiative's efficiency ratio in this section. The
average efficiency ratio considering all initiatives'
number in this section = (5+0) / 200 = 2.5% of the
total targeted efficiency in this section.

On the other hand, for the only one achieved
initiative, this ratio increased to be 5/100 = 5%.

(c) Analysis of SECS efficiency ratio:

Conducted data in Fig. 5 shows the ratio of the
average efficiencies considering the number of all
initiatives in this section =

(20+70+65+5+5+70+70+70) / 1300 = 375/ 1300 =
28.8% of the total targeted efficiency in this section.

On the other hand, for the only eight achieved
initiative, this ratio increased to be 375/800 =
46.88%.
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Fig. 5: The percentage of each initiative efficiency for all achieved SESs sections

10 Discussion

Implementing absent initiatives will cause higher
costs at different levels. Mostly it requires a long time
to give their economic benefits significantly. The
selection of these initiatives depends on the
stakeholders' strategies and long-term goals, with
advancements in technologies, data handling, and
initiatives' availability. The study expects that SESs
will be more efficient and achieve their goals at lower
total costs. However, it will not reduce its initial costs
due to the syndrome of the permanent rise in the cost
of new technologies, considering that they are
imported, this is on the one hand.

The previous results gave a logical and remarkable
impression of the Egyptian context's reality from this
article's research scope. The study ends with these
results to strengthen the national vision of Egypt
2030 by presenting the whole developed, tested, and
enumerated initiatives. The Egyptian context needs
to highlight the absent initiatives for the coming
period, giving an excellent potential for boosting
sustainability in this path, especially since some
existing projects have adequate infrastructure to
receive these absent initiatives.

This article addressed and summarized the features of
SESs, as illustrated in Table 1. Deep addressing and
analysis of the local context pushed the study to link
its theoretical findings with it. Therefore, the study
developed 35 initiatives focusing on its priorities,
relying on a detailed survey through many visits all
over Egypt. However, the research point's specialty
directed samples' selection to be in the Smart Village,
using the developed initiatives listed in Table 2,
which checked by many methods to be conducted and
linked to the Egyptian reality.

Section II of this study surveyed and verified the
developed initiatives in Table 3: Checking what was
achieved from the proposed 35 initiatives of SESs in
the Egyptian , providing a contribution and a tool in
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this regard. Hence, the following discussion will
address the SESs initiatives in its three sections, as
outlined in Table 4, giving a clear sight of its
importance, despite the technical, economic, and
social obstacles, as follows:

10.1 Analysis of the first section, SEMS:

The total initiatives in this section 20 of 35,
reflecting its importance, especially it has a top
priority in new projects. Nevertheless, for existing
buildings, their importance varies according to many
factors, including the existing infrastructure,
stakeholder requirements, construction function, etc.

Many surveys were conducted to record the achieved
initiatives, giving the presented results in Fig. 6.

13
12 11 11 11.8

HSBC  Oracle

25

20
20

—
W

12

Initiatives

—
(=1

(V]

0

SEMS
Initiatives

ECG  Orange Huawei Average

Fig. 6: The SEMS initiatives achieved in the samples

The achieved initiatives in the recorded samples =
12+ 12+ 13+ 11 + 11 = 59 initiatives.

The targeted initiatives for this section 20
initiatives * 5 samples = 100 initiatives. The current
situation gives a ratio = 59/100 = 59% for the
achieved initiatives. The study noticed that the
numbers of the SEMS achieved initiatives are
convergent and close to the average number of the
initiatives achieved in all samples = the number of
these initiatives/ 5 samples = 59/5=11.8.
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For the Egyptian context, the SEMS efficiency ratio
analysis grants an optimistic view with its excellent
performance. Finally, it gives a reasonable deduction
that completing the lost initiatives will considerably
increase the SESs, especially that the efficiencies in
all samples being convergent and recorded high
evaluation. So, it can be predicted that each new
initiative will be achieved almost will be globalized
in the full Egyptian context.

These results give this article its importance in
defining the lost initiatives: Nos. 11, 12, 13, 14, 15,
17, 18, that desperately need boosting, as enumerated
in Table 6 to set an assessment and interpretation of
the Egyptian situation in that regard.

10.2 Analysis of the second section, SEGSs:

The study set only two initiatives in this section of
35, with medium priority and high cost. The achieved
initiatives almost disappeared in all samples, where
there is only one initiative one sample, as shown in
Fig. 7.

2.5

Initiatives

0.2

m_

T T
Oracle Huawei Average

0 0 0 0

SEGSs ECG Orange  HSBC

Initiatives

Fig. 7: SEGSs initiatives that achieved in the samples

In this regard, recently, the Egyptian government is
seeking to switch to the smart grid. So, it is expected
to be used shortly [44].

The study found that the average number of the
SECSs initiatives achieved in the five samples = the
number of these initiatives/ 5 samples = 1/5 = 0.2
initiatives. So, it gives a reasonable deduction that the
Egyptian context desperately needs to concentrate
efforts to achieve these two lost initiatives Nos. 21,
22 as a new trend considering energy efficiency and
sustainability where it will lead to significant energy
savings on a larger scale as a baseline energy supply
or as an autonomous storage system.

10.3 Analysis of the third section, SECSs:

The number of its initiatives is 13 of 35, reflecting its
importance, especially, it has a top priority in new
projects. However, their importance varies according
to many factors for existing buildings, as mentioned
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in section one.

Many surveys were conducted to record the achieved
initiatives, giving the presented results in Fig. 8, its
achieved initiatives in the recorded samples =
(6+5+6+5+6) = 28 initiatives.

14 13
12
10
z 8
.g p 6 5 6 5 6 56
i=|
4
2
0
SECSs ECG Orange [SBC Oracle Iluawei Average
Initiatives

Fig. 8: SECSs initiatives that achieved in the samples

Whereas, the targeted initiatives for this section = 13
initiatives * 5 samples = 65 initiatives. The current
situation gives a ratio = 28/65 = 43.08% in this
section of the achieved initiatives. The study noticed
that the numbers of the SECS achieved initiatives are
convergent in all samples, giving an average number
of the achieved initiatives in the five samples = 28/5
= 5.6 initiatives.

As in section one, the SECSs efficiency ratio grants
an optimistic view of its performance (46.88%),
which reasonably urges completing the lost
initiatives to increase the SESs total performance,
especially with the reasonable and convergent
evaluation of efficiencies in all recorded samples. So,
it can be predicted that each new initiative will be
achieved almost will be spread globally in all
Egyptian context.

These results give this article its importance in
defining the lost initiatives: Nos. Nos. 26, 28, 29, 33,
35, which desperately need boosting, as enumerated
in Table 6 to set an assessment and interpretation of
the Egyptian situation in that regard.

10.4 Interpreting  of the absent

initiatives

losing

The applied study aimed to validate the article's
hypotheses and complete its objectives by focusing
on the absent initiatives and considering them as
much-needed initiatives that can be harnessed to
boost sustainability. It ended with Table 6, which
enumerated the absent, weak, or no-effect initiatives,
attributing this to reasons that focused on the high
costs, highly sophisticated technologies, and
infrastructure to design, operate and maintain, which
is not available in the Egyptian context.

Volume 17, 2021



WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT
DOI: 10.37394/232015.2021.17.10

Usama Konbr, Ehab Maher

Table 6: Interpretation of the absent SESs initiatives in the Egyptian context

© Not exist

O Fair existence

® Good existence

© cxcellence existence

Situation assessment for
absent/ lost initiatives

v
=
£ Technical [Economical| Social
B o HERIEEEHEEIE .
&= | The absent/ lost initiatives | & | 20 2 E| & =2 & Interpretation
o L | = o
2 SIE|S|8 85L&
— i= o n ]
@) S| =¥ ®| 8| 2| &
| & o|®|2|E| s
77! o Z
11. Using digital control| ® | @ | @ 4 v Spaces needed to operate separately and
where each separate space or automatically. This is not available in the Egyptian
system has an IP address context, where it is working manually as one block
from the control center systems by technicians. It
is an additional cost, and it does not exist due to the
lack of widespread application of IoT
12. Connecting ESs through | © | & | © v v'| v |Ethernet connects SSs to the control panel,
the ethernet networks providing faster speeds than some other options for
realizing IoT technologies that have no application
in Egypt yet
13. Setting interfaced SEMS | @ | @ | @ | v v It depends on the difference between
with net-zero energy energy production and consumption. Egyptian
consumption buildings mainly rely on the government grids
g 14. Promoting the concept of the| @ | @ | @ | v v The existing required infrastructure does not allow
& |internet of things (IoT) IoT efficiently operating efficiently
15. Using wireless ® e |0 v v’ |There is no availability to store the user's
technologies and cloud preferences on cloud servers. The design processes
storage do not consider those preferences as it takes the
performance of the systems themselves
17. Auvailability off ® | @0 |V v | v |Itis not available, the cost is high, and it needs such
integrated, interactive, and advanced technology where the technical scope of]
smart spaces Egypt does not grant it
18. Displaying QR codeson| @ | @ | @ v v | v |It needs better marketing to illustrate its
the walls that can be scanned importance in buildings
for information about the
location, mapping,
schedules, and controlling
the energy systems
21. Adopting renewable| ® | @ | @ |V v It is relied on the governmental grids as an energy
& |resources as sustainable supplier due to its stability and low price
8 22. Applying smart grids 0 0 |0|V v It is now not available in Egypt and represents one
n of the much-needed initiatives to enhance energy
efficiency
26. Promote integration| ® | @ | @ v v It is scientifically available, technically few, and
between  daylight and primarily lost in practice, although it is
artificial lighting units to inexpensive and socially can be acceptable with
take advantage of natural more adoption and awareness
resources sustainably
v
& | & (27. The widespread use of| @ | @ | © v v Buildings are controlled centrally without the
= 7 smart  lighting  control presence of motion sensors or adjustable control of|
systems users' preferences, but it is considerable and
socially can be acceptable with more awareness
28. Utilizing the smart LED| @ | @ | @ v v | v |There are starting movements to this trend, but
dimming systems utilizing LED or dimming LED units is not spread
because of the extra cost
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29. Measuring the efficiency| @ | @ | @ v v | v |Measuring is not spread in the Egyptian context;
of lighting wunits and rationalization mechanisms need more activation
maximizing  consumption compared with the current situation
rationalization mechanisms
30. Setting the fingerprint| @ | @ | @ |V v Systems that trace the preferences of users is
lighting management system required, but it is not available in the market
33. Promote integration| ® | @ | @ 4 v Activating it in existing buildings needs many
between ventilation and the studies, and it may be complicated. In comparison,
HVAC systems to take this integration in new buildings can be easier with
advantage of natural the available scientific and technical resources. Its
» |Tésources and implementation can then be adopted, especially as
i-é enhancing sustainability it is inexpensive by focusing on the social
> dimension that only needs awareness.
= 35. The systems can override| @ | @ | @ 4 v This initiative was lost in the Egyptian context
control and automation because it needs very advanced smart technologies
systems in HVAC systems as and needs many studies through which it is
an option when necessary possible to provide the most appropriate solutions
to the occupants according to their needs.

11 Conclusion

Egyptian policies and the 2030 national Agenda
adopted both energy efficiency issues and
sustainability in all sectors. Architectural studies
have a vital role in implementing this agenda's
visions and goals. Smart Energy Systems (SESs)
improve energy efficiency issues in various sectors
through their advanced technologies, including
buildings. It supports the performance of buildings'
energy at environmental, social, and economic levels.
So, the study chose it as an entry point to boost
sustainability as a final aim. Previous studies in many
disciplines are struggling to increase energy
efficiency, and some architectural researches
addressed this point. Nevertheless, this study focused
on SESs with their potentials to achieve this aim in
the Egyptian context.

Egyptian situation has its unique conditions in the
scientific, technical, economic ranking, where using
advanced high tec is still developed compared with
the developed communities in the industrial
countries, giving many limitations in harnessing the
SESs' potentials in boosting sustainability. Thus,
addressing and reviewing similar situations
conducted to formularizing implementation's
framework, starting with an enumeration of SESs
features. The study considered that transformation to
this new trend needs to develop a comprehensive plan
that relied on defined initiatives as a start phase.

This paper's main contribution is developing and
proposing these customized and proper initiatives
(35) for the Egyptian context, tracing the global
experiments in that scope. It divided these initiatives
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into three sections, where only 22 initiatives had been
recorded in the Egyptian context, representing
62.86%. The first section is SEMS, which is
concerned with 20 initiatives; 13 were achieved. The
second is SEGSs, which is concerned with two
initiatives; one was achieved. The third is SECSs,
which is concerned with 13; eight were achieved.

The applied section addressed the gap between the
developed initiatives and what already exists in the
real context to identify the possibilities and
shortcomings through highlighting the absent, weak,
or no-effect initiatives. SEMS achieved 38.55% for
all initiatives in terms of efficiencies, and it increased
for the existing initiatives to 84.15%. Meanwhile, the
efficiency of SEGSs is 2.5%, and it increased for the
existing initiatives to 5%. Finally, the efficiency of
SECSs achieved 28.8% for all initiatives; it increased
for existing initiatives to 46.88%.

The study provided an assessment and an explanation
for the absence, weak, or no-effect 16 initiatives
because of their need for the high cost, advanced
technology, and infrastructure for design, operation,
or maintenance. The statistical studies have revealed
that the achieved initiatives' total efficiency has
reached 84.15% for the SEMS section, 5% for the
SEGSs section, and 46.88% for the SECSs section.

Hence, this article's direct scientific contribution is
summarized in developing the necessary initiatives to
activate the potential of smart energy systems (SESs)
and check them in the Egyptian context to identify
those absent initiatives. This scientific contribution
also extends to studying those absent initiatives and
providing justifications for their absence at technical,
economic, and social levels.

Thus, this study can provide an accurate report with
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an action plan indicating the necessity to adopt the
developed and defined absent initiatives. The paper's
findings target the Egyptian higher political level for
adoption in the futuristic plans for the unprecedented
contemporary Egyptian urban development, where
promoting these SESs lost initiatives will increase the
energy efficiency in buildings, as a step to enhance
sustainability as an ultimate goal.

On the other hand, in the theoretical and practical
scope, this article, through its initiatives, can guide
architects and stakeholders to improve energy
efficiency in terms of SESs based on each initiative's
priority through its impact on resource use, energy
savings, informed decisions, improved services, and
the risk mitigation, besides, displaying the average
cost per each initiative's required systems based on
the market prices and products datasheets. Finally,
for upcoming research, the absent initiatives should
be addressed to be activated on many levels.
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