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ABSTRACT: L INTRODUCTION

This research deals with nanotechnology and its Nanotechnology is ope of the modem
impact on the external and internal finishing technologies that still nceds a lot of research and
materials in hospitals, as it sheds light an the studies, which also, us many nanoscale research
remarkable recent development in the field of centers have mentioned, is the technology of the next
technology, which led 1o the discovery of ern, meaning we can call our next era a “nanoscale”,
nmq‘cclmulog)'. whic[: was mlnptpd in the field of and the widespread interest in this technology goes
architecture and  finishing, which led to the .4 1 some period. Between 1996 AD to 1998 AD,
emergence of many different nanotechnologies, when the American Global Technology Assessment
which can Increasing the performance of buildings Center (WTEC) conducted an evaluation study of
cconomically and environmentally in general, and nanoscale research and its importance in technical
for hospitals, which are among the most energy- innovation. The study concluded with the most
consuming  buildings in  particular.  These important points that nanotechnology has a greamt
technologies include selt-cleaning technology, air future and will heruld a huge leap in many areas of
purification technology, easy-to-clean surfaces. anti- industrinl, medical engineering, and agricultursl
bacterial surfaces, anti-fog surfaces, anti-reflective life', In the field of transportation, aviation, space

surfaces, nuno-treated wood, and pano  thermal h, wat ficati d i
romste Ut ltes B 2 :xal ds“ er punfication, and muny mportant

comparison between some intemational hospitals

that contain nano-finishing materials and o local The idea of this technique is summarized in
hospital that relies on traditional finishing materials. rearranging the description of the aloms and
The comparison showed the superiority of nano- molecules of the material next 1o cach other in
finishing materials over their traditionul counterpusts different formations, and of course, the more the
in both economic and environmental aspects, as they atomic and molecular amangement of the material
were distinguished by their long-life span, reduced changes, the more its resulting properties change 10

carbon dioxide cmissions, reduced maintenance a large extent, which produces materinls  with
work and energy consumption, and thus reduced distinctive properties, and from here scientists can
operating costs, which in hospital buildings reach avoid some unwanted properties For example,
approximately seven times the cost of their rearranging the atoms in coal enables us to obtain
construction. dinmonds, as well as sand. Rearmnging its atoms

with the asddition of sonx elements enables us o

KEYWORDS: Nanotechnology - Self-cleaning - manufacture computer chips...and so on, and for this

Air Purification - Anti-Bacterial - Hospitals - reason countries compete with its scientists und
Running Costs. capabilities in producing  those  materials  and
Copyrights @Kalubari Journals Vol.7 No.12 (December, 2022)
International Journal of Mechamicul Engineering
97
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Egypt seeks to develop the educational system, and overcomes many of the challenges it faces.
This can be achieved according to an ambitious plan aimed at raising the efficiency and improving
the performance of schools to create a good learning environment for students. All of above can be
achieved through the good design of the outer educational buildings envelopes. The buildings
envelopes play an important role in thermal control operations, and they can isolate the internal
environment from the outside. This research aims to indicate the importance of technological
development in nanomaterials and its role in improving the properties of the building envelope
components to reduce energy consumption. The research discusses the problem of thermal comfort
and energy consumption in school classrooms in the Greater Cairo region, as a result of the
inefficiency of the glass used in educational buildings envelopes. An applied study on one of the
public schools in the Greater Cairo region was done using the Design Builder 6.1 software, in order
to measure the efficiency of using nanotechnology to improve thermal performance and enhance
energy consumption on the school classrooms envelopes. The results show, through the application
of different types of glass treated with nanotechnology techniques on the facades of the southern
and eastern classes ,and the comparison between the existing glass of the base case of study model
( The First District Secondary School for Girls in Sheikh Zayed city ), that the energy consumption
for cooling is reduced by 34.74% in the case of using glass treated with nanotechnology (Double
Low-E Elec Reflective Colored glass) with 6 mm thickness and 13 mm air (SHGC = 0.569), (LT =
0.578), (UV = 2.130).

KEYWORDS: Thermal comfort - Classrooms - Nanotechnology - Building envelop- Energy
efficiency.
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ABSTRACT

Egypt seeks to develop the educational system, and overcomes many of the challenges it
faces. This can be achieved according to an ambitious plan aimed at raising the efficiency and
improving the performance of schools to create a good learning environment for students. All
of above can be achieved through the good design of the outer educational buildings envelopes.
The buildings envelopes play an important role in thermal control operations, and they can
isolate the internal environment from the outside. This research aims to indicate the importance
of technological development in nanomaterials and its role in improving the properties of the
building envelope components to reduce energy consumption. The research discusses the
problem of thermal comfort and energy consumption in school classrooms in the Greater Cairo
region, as a result of the inefficiency of the glass used in educational buildings envelopes. An
applied study on one of the public schools in the Greater Cairo region was done using the Design
Builder 6.1 software, in order to measure the efficiency of using nanotechnology to improve
thermal performance and enhance energy consumption on the school classrooms envelopes.
The results show, through the application of different types of glass treated with
nanotechnology techniques on the facades of the southern and eastern classes ,and the
comparison between the existing glass of the base case of study model ( The First District
Secondary School for Girls in Sheikh Zayed city ), that the energy consumption for cooling is
reduced by 34.74% in the case of using glass treated with nanotechnology (Double Low-E Elec
Reflective Colored glass) with 6 mm thickness and 13 mm air (SHGC = 0.569), (LT = 0.578),
(UV =2.130).

KEYWORDS: Thermal comfort - Classrooms - Nanotechnology - Building envelop- Energy
efficiency.

1. INTRODUCTION

Improving education is the nucleus and the basis for advancing society towards
comprehensive development, it is considered the first step towards the next generations. It is
the base upon which countries rely to achieve economic, social and cultural growth. Therefore,
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education is the development source for any country. Educational buildings are among the most
widespread buildings in the world because of its essential role in acquiring knowledge
effectively for students of all ages. The number of schools in the Greater Cairo region has
reached 12,314 schools, with a total number of classes of 138,342 classrooms[1]. Students
spend a lot of time in their classrooms so thermal comfort should be achieved for them inside
the classrooms ,and they should be protected from solar radiation during the study hours. A
good internal environment can help to create a suitable conditions for student performance. Not
only does classroom thermal performance affect student health and comfort, but it also affects
student learning efficiency and productivity[2].

Recently, most of the new school buildings were constructed without considering the
thermal comfort of the students. Many researches showed that when temperature rises above 26
degrees Celsius, students' performance significantly decreases[3]. Building envelope is the
point of connection and separation between the inside and the outside, both in the process of
seeing between the inside and the outside or the transmission of heat, light, air, noise, or other
factors that can affect the environment and the internal space[4]. It consists of solid parts such
as walls and structural elements, and transparent parts such as glass and openings. Building
envelope is considered the most effective component of the building in saving energy
consumption. It is responsible for more than 50% of the total energy consumption in the
building[5] therefore, it is necessary to check the materials used in the composition of the
envelope, especially the glass. Using ordinary transparent glass in the classrooms envelope
increases the heat loads resulting from solar radiation[6], Which makes it a place where the
sense of discomfort increases.

In order to achieve thermal comfort in school classrooms, glass standards must be verified
that reduce heat exchange, and achieve comfort within the space. Nanotechnology contributes
to the creation of various types of treated glass to protect the users from solar radiation on the
classroom facades, and to improve the energy performance in the building.

2. STATEMENT OF THE PROBLEM

Increasing energy consumption, and inefficient thermal performance of schools building
envelopes in the Greater Cairo region as a result of using untreated glass with nanotechnology in
the openings.

3.  RESEARCH SCOPE AND PURPOSE
Designers had to do studies on how to reach the optimal design for educational buildings
envelopes by using the techniques of innovative technologies through the application of various
types of glass treated with nanotechnology in the openings of school classrooms in the Greater
Cairo region to improve the thermal efficiency and the energy performance.

4, RESEARCH METHODOLOGY

The methodology of this research focused on measuring the effect of nanotechnology on
providing improvements for the thermal performance and the energy consumption of the public
schools’ envelopes, by applying different types of glass treated with nanotechnology on the
envelope of an existing school. Many definitions related to nanotechnology and Its characteristics
were explained in the theoretical part, as well as the most important nanotechnology applications
in architecture. In the analytical part, the study showed the classification of nanomaterials that can
be used in the building envelopes and affect the thermal comfort of users. A proposed

Associated Professor Henar Aboelmagd khalefa
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methodology has been developed to to improve thermal performance and energy consumption for

educational buildings. Finally in the applied part, a simulation of an existing public school (Sheikh

Zayed Secondary School for Girls) was made using the Design Builder simulation software to

compare the results between the measurements of the case study before and after applying

different types of glass treated with an innovative nanotechnology in the building envelope to

reach the optimal design for educational buildings envelopes that can raise the thermal
performance and improve building energy consumption.

4.1  Nanotechnology Definition

It is the technology that gives us the ability to directly control materials, as it is a
technology that deals with measurements between 1 to 100 nanometers, it is concerned with the
properties of materials which play a significant role in architecture development. The main idea
of using nanotechnologies is summarized in rearranging the atoms of materials, and of course,
the more the atomic arrangement of the material changes, the more its resulting properties
change to Hence. This help scientists to avoid some undesirable properties in some materials,
and to add some new materials features that raise the efficiency of its performance[7].

4.2 Nanomaterials in Architecture

It is a group of materials that are produced with dimensions of their internal granules
between 1 nanometer and 100 nanometers. These materials are characterized by distinctive
characteristics that were not found in traditional materials. It can be organic or inorganic or
natural or synthetic materials. Nanomaterials are building materials used for external building
Smart envelopes to face the external influences. Thus, we can use these materials as structural
or non-structural materials to improve the quality of construction and raise the efficiency of

building envelop[8].
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Figure 2 : Explains shapes and dimensions of Figure 1: Nanotechnologies in architecture
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Reference: https://cutt.ly/BKLwOUS Reference: The researcher based on [9].

4.3  Properties of Nanomaterials:

There are many chemical, physical and mechanical properties that appeared at the
beginning of the twenty-first century. These properties distinguish nanomaterials from other
traditional materials. We will summarize the most important of them[10]:

4.3.1 Electrical conductivity:

Some insulating materials can turn into good conductors of electricity as a result of their

Associated Professor Henar Aboelmagd khalefa
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presence in the size of the Nano and vice versa.
4.3.2 Hardness:

The hardness of nanoparticles exceeds the hardness of non-nanoparticles of the same
material by hundreds of times. For example, the hardness of nanoparticles made of silicon is
hundreds of times greater than the hardness of silicon.

4.3.3 The ability to change color:

Nanoparticles can change its color, size, and shape in different conditions. This
phenomenon appears clearly in the nanoparticles of gold and silver.
4.3.4 Transparency:

Nanoparticles have dimensions less than the wavelengths of visible light, so they do not
reflect visible light, which makes them highly transparent.
4.3.5 Efficiency:

Nanomaterials are more efficient and effective in building envelopes than traditional
materials. A material treated with nanotechnology can perform the work of several traditional
materials at a lower cost.

01

Electrical
Conductivity

02

Hardness

Properties Efficiency
of

nanomaterials

03
Ability to
change color

04

Transparency

Figure 3 : Some properties of nanomaterials . Reference: The researcher.

4.4 Classification of Nanomaterials in Architecture

Nanotechnology has affected the form and the age of the virtual building through
structural and non-structural nanomaterials which used in building envelop. Nanomaterials
contributed to improving the performance of the building by increasing the building insulation,
fire protection, sound absorption, and provide thermal comfort for building users.
Nanotechnology also contributed to the development of the performance of finishing materials
such as glass, cladding, and aluminum to interact with all Surrounding conditions. Fig(4) shows
the classification of materials treated with nanotechnology that affect the thermal comfort of
users[11].
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Temperature regulation: Phase changing materials (PCMs).
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4.4 Nanotechnology Applications in buildings

Many applications of nanotechnology have contributed to the discovery of many
solutions and alternatives to architectural and climatic problems that affect buildings. This is
accomplished by improving and changing the properties of these materials in order to increase
building efficiency and improve their environmental performance[12].
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Figure 5: Nanotechnology applications on the building envelope components.
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Reference: https://cutt.ly/FK89j7a
4.4.1 Applications of nanotechnology on glass

Glass is one of the non-structural materials used in building envelopes. it can affect the
air quality inside the building, the heat gain and loss, and also control the level of sunlight
entering. In order to reduce the energy consumption used to achieve thermal comfort for users.

Nanotechnology has proposed many ways to improve the properties and efficiency of glass
including:

It is a glass with a thin layer of titanium dioxide coating on one face with a thickness of 13
nanometers. It is a material characterized by its ability to absorb the ultraviolet radiation and interact
with the organic dirt to break it up. The insulating layer works to attract water on the glass and turns
into droplets ,thus the organic dirt is removed then it falls to the ground[13].

@
O

Figure 6: Explains self-cleaning glass and its difference from traditinal glass.
Reference: httos://cutt.us/KnCvl

It is a glass that prevents the penetration of solar radiation into the internal spaces by using a thin
transparent layer that is coated on the surface of the glass. This layer works to reduce the
transmittance of the glass in general. This type of glass is characterized by the ability to reduce the
consumption of energy, and give the building an aesthetic appearance. It is also very safe and has
little impact on the environment [13] .

"o,

A
Figure 7 : Explains the effect of using reflective
glass on the rays falling on it. on one of the building facades.

Reference: https://cutt.us/4wpos

Insulating glass can be defined as multiple glazing comprising a pair or more of glass panels

Associated Professor Henar Aboelmagd khalefa
14


https://cutt.ly/FK89j7a
https://cutt.us/KnCvl
https://cutt.us/MLBdJ
https://cutt.us/4wpos

All scientific researches submitted to the Permanent Scientific Committee for Architecture and Planning (Professor)

which have an air (or another gas) gap between panels ,and a metal wire that is encircle whole edges
of air gap. This glass works to reduce heat gain, heat loss, glare and fading. It is also characterized
by the ability of saving energy,reducing the noise, and providing thermal comfort to users [14].

Double Triple
insulation glass insulation glass

VINSULATED GLASS

Figure 10: Insulating glass layers components. Figure 9. Double or triple insulation glass.

Reference: https://cutt.us/GIR3Z Reference: https://cutt.us/RuméY

4- UV-Protection Glass

It is a glass characterized by the ability to block (90: 95%) of ultraviolet rays, and the tinted or
reflective glass of it can block 99.5% of ultraviolet rays. For this reason this type is used in facades
and glass ceilings to reduce thermal loads and prevent harmful rays from entering the building and
benefit from beneficial radiation[14].

Window
Glass
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Reference: https://cutt.ussfQKURF

5- Low Emissivity Glass (Low-E):

It is one of the best types of glass. It has the ability to control the internal temperature of the building
by controlling the amount of heat radiation. In the summer, it works to provide the internal spaces
with sunlight ,and blocks infrared and ultraviolet rays. In the winter it works to provide the greatest
amount of thermal comfort and natural lighting. It also contributes to reducing heating costs[13].
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Figure 13: Explain low-E glass and how heat and
Figure 12: Layers of low-E glass. Reference: light pass through it. Reference: https://cutt.us'MFUHQ

htips://eutt.us/UITeM
6-Solal —....... —..__.

This type of glass is used with shading systems, whether fixed or dynamic. It can control the amount
of gained or lost heat, and allow an appropriate amount of visible light to pass through it [13].

Visible Light 5% - 95% Blocked
Solar Energy Up to 79% Blocked
UV Rays Over 99% Blocked
Up to 20% Heat Loss
Reduction

Figure 14 : Explains the use of solar control glass and how to control the radiation
and heat reaching the inside of the building.

Reterence: https://cutt.us/8XWtl

7- Fire-Protective Glass:

This type consists of two glass layers that contain between them a transparent bulging layer of 3
mm thickness (as an interlayer) that can withstand temperatures up to 1000 degrees Celsius. This
type resists fire for a period of 45 to 120 minutes. When a fire occurs, the interlayer turns into a
thick foam to form an insulating shield ,and prevent the fire from moving to the other side. It can
be used in hospitals, schools, shopping centers and administrative buildings.

— — —
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Figure 16: Explains the components of fire-resistant

glass Reference: https://cutt.us/2jjNJ. Figure 15 : Explains how fire

protective glass work Reference:
https://cutt.us/Eh1Bb

4.5 Applied Study:

This section represents the applied study of the research problem by Studying and analyzing
one of the school buildings in the Greater Cairo region. The simulation was done by Design Builder
software for the current building envelope to compare the results of applying some types of glass
treated with nanotechnology with basic case without any envelop treatments. Through simulation
we can compare the energy consumption of classrooms and assess the effectiveness of these
treatments in raising thermal performance and improving energy consumption.

4.5.1 Simulation Limitations:

e This study was conducted using the Design Builder 6.1 simulation program. It considers an
analysis tool which a wide range of data and functional analysis can be provided. The data
is entered in a simplified method to make the building model on software, and to get an
accurate results simulation closest to reality.

e The Climatic data of the Greater Cairo region were taken into account when making the
simulation.

e The simulation was performed for one of the classrooms inside the school with consideration
for the number of students in the classroom, the orientation of the classroom, the proportions
of the openings, as well as the floor level of the classroom.

e A simulation of the U-VALUE for both basic model and the modified envelope and
calculating the required cooling loads.

e Evaluating the thermal performance of the case study ,and comparing these results to find
out the optimal thermal insulation, the highest U-Value, and the least energy consumption.

4.5.2 Study Case: Government School Model (6th of October city authority Model).
School Name First District Secondary School for Girls in Sheikh Zayed

The Education Building
Authority
Location Sheikh Zayed city, Giza.

owner

type of use | educational

state of ] o
o Established building l
building -
Total e .
Sl & 4500 m2 Figure 17: The First District Secondary School for
uiding Girls in Sheikh Zayed.
Number of Reference: The researcher .
39 Classrooms
Classrooms

Number of | Ground floor and 2 typical
floors floors

building | 14-3°™
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height

Sheikh Zayed Secondary School for Girls is considered one of the largest
schools in Sheikh Zayed City. It located in the first district, the fifth
neighborhood, in Sheikh Zayed City, Giza Governorate. It is a public school
that includes 39 classrooms, in addition to a part dedicated to educational
administration within the components of the building. The school consists of a
ground floor and two Typical floors divided into Several wings, and the school
can accommodate approximately 1,200 students?

A brief about
the school

4.5.3 Architectural Description of Sheikh Zayed Secondary School for Girls:

The school consists of a ground floor and two floors, divided into two wings. The first wing
includes 39 classrooms divided into 3 floors (13 classes for each academic stage), with an average
number of 35 to 40 students per class, and an area of about 2000 square meters for each floor. The
second wing includes the school administration, a multi-purpose hall, a gym, a chapel, and teachers’
rooms in the ground floor. The first and second floors of this wing include an auditorium, teachers’

rooms, and computer laboratories[16].

i 1
Side 1
entrance |

| educational
administratio

1 ! \ - 3
I n entrance L _,._.J.r

H Main entrance

Figure 19 : Perspective of the building. Figure18 : Layout and the main entrances of the school
Reference: The researcher based on Reference: Google Earth Pro.

ediicatinonal hilildinns anthoritv drawinns
= school floor plans :

D N

Main entrance administration

administration Computers labs

Theater
Classrooms

Classrooms
lecture hall

‘Games Hall

Stairs

Mosque

Toilets

Stairs

Toilets

Corridor

Corridor

Court

Court
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= Flevatinng and Sectinns -

Figure 21 : Grounc_i f!oor plan , Figure 20 : Second floor plan Reference:
Reference: Educational Buildings Authority. Educational Buildings Authority.

—
=] =

Figure 22 : Main Elevation.
Reference :The researcher based on the Educational Buildings Authority drawings.

3 '
=T 1 | Lmﬂﬂmﬁﬁi“

[oan W | !I_mmmmz:mm

133
433

Figure 23: East Elevation.
Reference :The researcher based on the Educational Buildings Authority drawings.

Figure 24 vertical section of the school.
Reference :The researcher based on the drawings of the Educational Buildings Authority drawings.

4.5.4 Design of Educational Spaces in the School:

The classrooms were designed with the aim of accommodating the largest possible number of
students. The standard module used for the classroom dimensions is 8.40 * 7.35 m, and the
classroom capacity is (35:40) students in an area around 60 square meters. The allocated space for
every student is about 1.5 square meters.

28.40

v

<
<

| e 1 I 1 I

27.35

1
|
[
|
]
;

N

Figure 26 : Classroom design dimensions at District One Figure 25 : The interior of the First District
Seconqahrg School for Girls Secondary School for Girls' classrooms.
Reference : researcher based on the Reference : The researcher.

Educational Buildings Authority drawings.
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4.5.,5 Envelope and Thermal Performance:

The exist building envelope consists from walls with 25 cm thick, in addition to the finishing
layers without using thermal insulation materials or treatments to improve the thermal performance
of the building. The external walls includes windows with a width of 2.80m and a height of 1.60
height. The used glass is a single clear glass layer of 3 mm thickness that is not treated. These
windows aren’t enough to provide a sufficient amount of natural lighting, and untreated used glass
allows penetration of directed sun rays, heat and glare to pass through the classrooms. All of the
above make the students feel uncomfortable inside all classrooms, so the students have to put
barriers on the glass to reduce the glare as shown in the figure (3-15).

Cement tiles

Windows of

transparent

glass thickness 3
mm

Windows of
transparent glass
thickness 3 mm

Upper windows
of transparent
glass 3 mm

External walls of
bricks 25 cm

Mosaic tiles for floors
2 cm thickness

Figure 28: Explains students use curtains and barriers on the windows to protect
from glare and solar radiation inside the classroom.

4.5.6 Analysis of Climatic Data ot the case study:

4.6.6.1 Analysis of Temperature and Relative Humidity:
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A climatic analysis for the case study site and context of the Greater Cairo region was made
using the climate analysis software (Climate Consultant 6.0). The results showed that the thermal
comfort zone lies between (20°: 24°) degrees Celsius, and the relative humidity is variable
throughout the year.

TEMPERATURE RANGE LOCATION: Cairo Intl Airport, Al Qahirah, EGY
California Energy Code Latitude/Longitude: 30.13° North. 31.4° East. Time Zone from Greenwich 2
Data Source: ETMY 623660 WMO Station Number, Elevation 74 m
LEGEND
RECORDEDHIGH- o =
DESIGN HIGH - ° °
AVERAGE HIGH -
MEAN - @ o o
AVERAGE LOW -
DESIGN LOW - 35
RECORDEDLOW-
COMFORT ZONE 30 —

25 ——
: i %
DESIGN HIGH: Non-Reside... 15

(O 1% of Hours Above

@ 5% of Hours Above 10
(O 0% of Hours Above
DESIG LOW: Non-Reside... 5

(O 1% of Hours Below
(O 5% of Hours Below 0 I
@ 0% of Hours Below

TEMPERATURE RANGE:
O -10tod0°C
@ Fitto Data

5 (—
Jan  Feh  Mar  Apr May Jun  Jul  Aug  Sep Oct MNov  Dec Annual

Figure 29: the average temperatures throughout the year for the Greater Cairo region
Reference : Climate consultant. (10 November 2022).

4.6.6.2 Analysis of the existing envelope using the (Design Builder v6.1) Program:
= Program Inputs for the case study (class room):

I- Occupancy: It is represented in the student density (person / m2) =1.50 m?
2- Metabolic rate: 0.90.

e o T T Tomemm T2 T T T T T Tos I
M Consiruction Template = AET‘,‘ Teaching Areas -
P Template brick Medium weight. without insulation * b 1 Norr ‘g ential Insttuion
= Construction Zone multiplier 1
“jExternal walls wall 25 cm [ Include zone in thermal calculations
<yBelow grade walls Brick/block wall (insulated o 1985 regs)
<yFlat roof building roof
Pitched roof (occupied) Clayfiles (25mm) on air gap (20mm) on roofing felt (Smm) o=
2yPitched roof (unoccupied) Pitched roof - Uninsulated - Lightweight Occupancy density (people/m2) 1.5000
~jinternal partitions wall 12cm (14 Schedule classroom schedule
:;wamrr.‘pseu Standingfwalking
“ySemrexposed walls Brick/block wal insulated to 1395 regs) Facor (Men=1.00, Women=0.85, Children=0.75) 090

pSemi-exposed ceiling Roofspace floor insulation 50mm CO2 generation rate (m3/s-W) 00000000382
“ySemi-exposed floor External floor - Energy code standard - Medium weight o

<yGround floor building floor
<yExtemal floor External floor - Energy code standard - Medium weight
100mm concrete slab

A picture of the program shows the construction Figure 31 : A picture of the program shows the type of
of external and internal walls and ceilings. .building and occupancy.

Reference : Design Builder 6.1. Reference : Design Builder 6.1.

3- Construction:
The simulation was performed on a classroom on the school's second floor level because it is the
most exposed to thermal loads. The following results are the U-values for each structural element
* External walls (25 cm thick brick wall) U-Value = 1.543.
* Roof slab (20 cm thick reinforced concrete slab) U-value = 1.824.
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Outer suiface Outer surtace

| |
20.00mm  Mortal

20.00mm  Mortal

| J
Inner surface Inner surface
U-Value surface to surface (W/m2-K) 0.365 U-Value surface to surface (W/m2-K) 2.091
R-Value (m2-KAW) 2.876 R-Value (m2-K/\W) 0648
U-Value (W/m2-K) 0.348 U-Value (W/m2-K) 1.543

Figure 32 : The entered wall layers and the roof floor slab finishes data to the program.

Reference : Design Builder 6.1.

4- Openings:

The simulation parameters were specified by the software to enable an exact comparison
of the envelope treatments of the existing case and the envelope following proposed treatments.
The glass which used in the existing envelope is a single glass with a thickness of 3 mm and a
width of 2.80 for the window opening. The height of the window is 1.60 m ,and the wall's opening
percentage is 30%.

Single 3mm clear
Glass Type
glass Gp Template Single glazing, clear, no shading
w External Windows ¥
(7)Glazing type Sgl CIr 3mm
[dLayout Preferred height 1.5m, 304 glazed
. glass pane Type 2-Fixed height -
w Windowto wall 3000
Window height (m) 1.40
Window spacing (m) 2.80
Sill height (m) 0.90
Outside reveal depth (m' 0.000
Shape Frame and Dividers 2
Shading
Airflow Control Windows
SINGLE-GLAZING Free Aperture
|¥ Internal Windows
(f)Glazing type Sgl CIr 3mm
@Layout No glazing
Frame and Dividers »
SHGC 0861 Free Aperture
I Roof Windows/ Skylights
LT 0.898
U-Value 5.894 (W/m2-K)
(W/m2-K)

Table 1 : Explains the type of glass and its thermal ~ Figure 33 : The type of glass and the wall-to-glass ratio (WWR) entered
properties. .to the program.

Reference: The researcher. Reference: Design Builder 6.1.

45.7 Results of analysis and simulation of the classroom existing case from (Design
Builder v6.1) software:

A simulation was made for the Sheikh Zayed Secondary School for Girls on (Design Builder

6.1) to measure the actual temperatures and the percentages of solar radiation ,which affects the

vision inside the classrooms. It also measures the cooling and heating loads which required to
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achieve thermal comfort within each classroom. The analysis was done on two classrooms with two
different orientations (east-south) as shown in Figure (3-11), with an area of about 60 m 2 for the
classroom, and the second floor classrooms was chosen because it is the most exposed to thermal
loads. The height of the classroom is 3.0 m from finishing, the window height is 1.60 meters and its
sill height is 0.90 meters as shown in the figure:(34).

South Classrooms M= = = = = = = = = = — = — —

East Classrooms

Figure 34 : The school model on the Design Builder v 6.1 program.

Reference : Design Builder 6.1.

i 4
Il T

P 77
I (- Classroom

% %2
1 Classroom g
-— 1 [ R ] TE | S 7, S ——————— 1

Figure 35 :Plan and Section of one of the classrooms on the second floor in the building of the First District
Secondary School for Girls in Sheikh Zayed.

Reference :The researcher based on the drawings of the Educational Buildings Authority drawings.

4.6.7.1 The results of the analysis of the southern classroom in the basic case:
From the analysis and simulation results, we find that the months of discomfort are from March
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to November, according to the recommended temperatures in The Egyptian Code for Energy
Efficiency in Buildings.

Internal Gains + solar - Untitled, Classroom south
EnergyPus Output 180 31 Dec, Maniny Ucemaes
o s ] R TORORABRY 1] o OIS THFPUAARS ] s UGS 07508 THHpRaRo ]

Tempecture -€)
Heat Balance (Whim2)
8883
V
| 5

38000
34000
2 5 32000
£ Z 30000
Lo H
3 3 22000
& 58— < 2s000
: i
% 2 22000
22000
o/ 20000
@2 18000
202 Feb Viar .y S " g Ea - Y Dec
o B2 P Mer or May ] g Sep ot Nov e i | 1
A Temperature (G} 2315 2420 | 2523 2560 2681 2844 2850 3411 2624 2756 2480 2417 Genral Lighting (Whim2)  2464.00  2310.00 _ 215600 202600 323400 261800 277200 000 277200 27200 32340 231000
Gy % ? ? Y . v v Occupancy (Whim2)  19180.85 1673927 []15849.03  19060.04 20407.92 16007.93 1606130 132303 1670332 1840333 1922930 18231.25
) 7 2 7
OTZ;’V"; 1::::;:: Lg’) gg ig ;: :e 2: 2 g: ggg gg ;:: : i: ;g 22 ::3: g‘: 4; Solar Gains Extarior Windows (Whim2) 1160065 1120205]1000120 785567 560563 405168 543625 682020 G544 1213085 120719 167476
g ? ‘ i 2 g 7 Zone Sensible Heating (Whim2) 401 000 ~ 000 000 000 000 000 000

Outside DryBulb Temperature ('C) 1375 1589 | 1820 2145 2476 2741 2675 2924 6% 2467 195 1627 i S R R . S ol il satasl aewn Hebas
2 6.7

Zone -14097.47 )
Relative Humidty (%) 5802 5230 B . 5796 Total Latent Load (Whim2) | 24259.16 zwemsliiﬁx_m 1 T R 23R8I0 089 227670 2o0sheo lssTory 2523677

Figure 36 : Explains the actual temperatures, relative _ Figure 37 : Explains the amount of heat generated by
humidity, and months of discomfort for the southern lighting, occupancy, building type, as well as the amount of
classroom in the basic case. heat gained from the sun in the southern classroom.

Reference: Design Builder 6.1. ) L
4.6.7.2 The results of the analysis of the eastern classroom in the basic case:

From the analysis and simulation results, we find that the months of discomfort are from April
to October, according to the recommended temperatures in The Egyptian Code for Energy
Efficiency in Buildings.

Comfort - Untitled, classroom east Intemnal Gains + solar - Untitled, classroom east
EnergyPlus Output 1 Jan - 31 Dec. Menthy Licensed EnerpyPlus Ouput 1 Jan - 31 Doo, Monery Lizemsod.
o— i Tornperaturs — adart Tomperstire ('C)  emmmmm Opwstive Temperstice ('C)  emmmme Ouside DeyBuls Toriperat = © —_— e Lghing (W2 Coonsoy (Wved) Soul Gen bl Wdovs (Wnd)  ee—2ore
ot 20000
2 15000
30 10000
s o8 £ 5000 = =
% - [] - = == =
é k Y 5000
iz 3 10000
i i
& 3 15000
® £ 20000
% 25000
3 e
. — Fpiative Humidty (% 33000 : /\
N 30000 / A
& 32000 / \\
g 200 /
: 5 20000 / \\
g 3 20000 /
g 58 é 20000 /7‘,/ \\__
N 2z Dy /_//\'--\A,>_,/’/ \ //
- 2000 ~ \\/
10000
% i o2 Fob mar B Aer May *n Jul o = oot | Nor Deo
= 2002 Feo Mar Apx May Jun ) g Sep Oct Now Dec General Lighing (Whim2) 240400 231000 215600 g 292600 323400 261800 277200 0.00 207200 277200 g 323400 2310.00
oo s e o s e T mers e o] e ek
Alr Temperature ("C) | 2194 2321 2474 2582 %83 881 2803 3456 2808 2690 2403 2299 1241 400768 6614.06 7 797002 866318 80271 B40082 741013 655280 557843 W a0 3770
Radiart Temperature ('C) | 2186 2347 2617 | 27.31 2883 3007 3133 348 3007 2850 2510 2300 0.08 000 0.00 0 000 0.00 000 0.00 0.00 000 a.00
Operative Temperatwre (°C) | 2190 2334 2496 | 2656 2783 2989 3048 3471 2908 2770 2456 2300 ne S 56225 1190598 1217270 2141825 2632637 -ATES25 24766 000 -AUTEST0 230237 1884671 10SBTH
Outside Dry-Bulb Temperature ('C)| 1375 1589 1620 | 2115 2476 2741 2875 2924 2696 2467 195 1627 Todal L atant L (M) (IO OLIAES TN R SOefR UMD SENED SR NN 2RI LR viian ameer
Relative Humidity (%) | 6117 5427 s 5197 51.08 5490 8542 8.77 €061 8962 86.30 0053
Figure 38: Explains the actual temperatures, relative Figure 39: Explains the amount of heat generated by
humidity, and months of discomfort for the eastern lighting, occupancy, building type, as well as the amount of
classroom in the basic case. heat gained from the sun in the eastern classroom.

Reference: Design Builder 6.1. Reference: Design Builder 6.1,
4.6.7.3 Results of energy consumption Simulation for the southern and eastern classrooms of
existing case:

Simulation results for energy consumption in the existing case using a red brick wall with a
thickness of 25 cm, and single transparent untreated glass with a thickness of 3 mm (SHGC=0.861),
(LT =0.898), (UV=5.894) is shown in figure (40).

Associated Professor Henar Aboelmagd khalefa
24



All scientific researches submitted to the Permanent Scientific Committee for Architecture and Planning (Professor)

Cooling and Heating loads in the existing case
350 , 7~ T N\
(
300, -
250
'

200 |
150 |
100 1
50 1
0.31
|
0 |
Southern classroom IEastern classroom

284.81 |

(Kwh/m2)

0.47

1 O Cooling loads [ Heating loads
|

Annual cooling and heating energy consumption

Southern classroom | Eastern classroom Energy Cons.
298.39 | 284.81 Total Cooling
031y 0.47 Heating

N ———

Figure 40: The simulation results of energy consumption in the basic case of a classroom with
east-south orientation
Reference : The researcher according to the simulation results.
The case study analysis results indicate that the envelope in the southern classroom is exposed

to high thermal loads and consumes a large amount of energy in the cooling loads up to (298.39
Kwh / m2) annually. The results also indicate that the cooling energy of the eastern classrooms
reach to (284.81 Kwh / m2) annually. Based on that, the envelope of the southern and eastern
facades needs environmental treatments to raise the thermal performance efficiency and
improve the energy performance of the building.

4.6.7.4 The southern and eastern classrooms envelope modification using smart materials:
In this part, the study proposes the application of different types of glass treated with
nanotechnology technology, as shown in Table (3-2), on the external windows of the eastern
and southern classrooms of the case study. The comparison of the results between those types
will determine the effectiveness of using nanotechnology treated glass in improving thermal
performance and reducing energy consumption in the building.
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Table 2 : Explains the physico-thermal properties of the smart glass types proposed to be applied to
the envelop Reference : [17].

The physico-thermal properties of smart glass types proposed to be applied to the envelop

g Glass Type | SHGC | LT | U-VALUE W/m?k) |

(Smgle Low E glass) L 0.72 0811 3.779

(Double Low-E glass)

] . 74 1.761
6mm and 13mm air. 0.568 0.745 76
(Thermochromic AN

glazing) 6mm and
6mm air.

3- 0.569 0.578 2.130

(SAGA Glass)
4- 7mm and 12mm
krypton gas.
(Double Low-E Elec
Reflective Colored
glass) 6mm and
13mm air.

0.41 0.591 1.270

0.119 0.12 1.616

The results of southern and eastern classrooms energy consumption Simulation in the first
proposal :

Simulation results for energy consumption in the first case using a red brick wall with a

thickness of 25 cm, and a single transparent glass treated with nanotechnology (Low-E glass)

with a thickness of 6 mm (SHGC =0.72), (LT = 0.811), (UV =3.779) is shown in figure (41).

Cooling and heating loads in the first proposal

c

8

o

o

g 300

@ —_——_—————

§ 250{ | I

=2 200] |263.73 I

[«5)

c 246.18

S g 150l |

£ % 100! 1

gs| .| I

o ¥

AN |

< |

=3 I Southern classroorr Eastern classroom

§ 1 | HE Cooling loads M Heating loads

—= |

g Scluthern Classroom | Eastern classroom Energy Cos.

é | 263.73 I 246.18 Total Cooling
\ 0.30/ 0.57 Heating

The results Fjgure 41: The energy consumption for the southern and eastern classrooms in the first
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proposal:
Simulation results for energy consumption in the second case using a red brick wall with a
thickness of 25 cm, and a double transparent glass treated with nanotechnology (Low-E glass)
with a thickness of 6 mm and 13 mm air (SHGC=0.568), (LT = 0.745), (UV=1.761) is shown

in figure (42).
Cooling and heating loads in the second proposal
o——————

3 \

20P |

¥ |
5 | ;
2 _|
S| 1p :
c £ I
= P
§ E b 0.31 | 0.56
-c% E | Southern classrooln Eastern classroom
28| | ! i i
= g | B Cooling loads M Heating loads
o > |
o o |
c_‘-; § Jouthern Classroom I Eastern classroom Energy Cos.
3 | 246.03 I 228.78 Total Cooling
< N 03 0.56 Heating

Figure 42: : The energy consumption for the southern and eastern classrooms in the second proposal.
Reference: The researcher according to the simulation results.

The results of southern and eastern classrooms energy consumption Simulation in the third proposal:
Simulation results for energy consumption in the third case using a red brick wall with a
thickness of 25 cm ,and thermochroic glazing double transparent smart glass with a thickness
of 6 mm and a 6 mm air cavity (SHGC = 0.569),(LT=0.578),(UV=2.130) is shown in figure

(43).

Cooling and heating loads in the third proposal

o = Em Em =y
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200 ;123688 |

150 . 21675
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Annual cooling and heating energy
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|
|
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Figure 43: The energy consumption for the southern and eastern classrooms in the third proposal.
Reference: The researcher according to the simulation results.
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The results of southern and eastern classrooms energy consumption Simulation in the fourth
proposal:

Simulation results for energy consumption in the fourth case using a red brick wall with a

thickness of 25 cm ,and a double transparent smart glass (SAGA Glass) with a thickness of 7

mm and 12 mm krypton gas cavity (SHGC = 0.569), (LT = 0.578),(UV=2.130) is shown in

figure (44).
-~ = = =Laoligg and heating loads in the fourth proposal
2sd 1
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o 122505 1 .
| I 120207
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Annual cooling and heating energy
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I
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'\ 225.0§ 20207 Total Cooling
== = = 036 0.57 Heating

Figure 44: The energy consumption for the southern and eastern classrooms in the fourth proposal.
Reference: The researcher according to the simulation results.

The results of southern and eastern classrooms energy consumption Simulation in the Fifth proposal:

Simulation results for energy consumption in the case of using a red brick wall with a

thickness of 25 cm, and a double glass treated with nanotechnology (Low-E Elec Reflective

Colored Glass), with a thickness of 6 mm, 13 mm air cavity (SHGC=0.569), (LT = 0.578),
(UV=2.130) is shown in figure (3-20)..

Cooling and heating loads in the fifth proposal
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Figure 45: The energ&consumption for the southern and eastern classrooms in the fifth proposal.
eference: The researcher according to the simulation results.
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Comparing the simulation results of energy consumption in the southern and eastern classrooms
with the application of different types of glass with the results of the base case:
By comparing the results of applying different types of glass treated with nanotechnology
techniques on the southern and eastern classrooms facades with the results of the basic case of

the existing model ,We can conclude that the southern facade is the highest of cooling energy
consumption with (298.39 kWh per square meter), and the eastern facade is (284.81 kilowatt-
hours per square meter).The simulation results show that the Cooling energy decreased to
198.56 kWh per m2 in the southern classrooms ,and to 182.03 kWh per m2 in the eastern
classrooms with a saving rate of 34.74% of total cooling. This considers the lowest rate of
cooling energy consumption compared to the other proposed Glass types on southern and
eastern classroom facades of the analyzed case study.
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Reference: The researcher according to the simulation results.

The economic aspect of the proposed treatment's cost:
Building envelope design , materials , and architectural treatments have many aspects, for
example, the environmental, aesthetic, and economical. The cost of treatment determines the
possibility of applying, so we have to compare between the cost of proposed glass types and
the type of glass which used in the existing case, as shown in Table No 3.
Table 3 : The economical analysis of the proposed glass types

The economical analysis of the proposed glass types

of asquare | of the Egyptian

energy
Energy consumption for one class consumption
(Area=60 square meters) The price The cost | costsaving in
Annual meter of glass pounds,
Energy . .
. the glass used in according to
savings for . .
according the the prices of
one . .
to openings the fifth
East South classroom companies’ | with an category of
ClEsS e (KwH) prices for area of the Egyptian

Figure 46 : shows the simulation results and energy consumption ratios in the southern and eastern classrooms with the

application of different types of glass.
0 |

Cooling P — Cooling P — :; _
energy of energy of gyptian
demand eneray demand eneray East | South pounds
rate rate
KwH/m2 KwH/m2

284.81 17088 298.39 17903 - - 180 1613 - -

single
transparent
untreated
glass 3 mm
single (Low-
E glass) 6 246.18 14770 263.73 15823 2318 | 2080 350 3136 3082 | 2766
mm
double (Low-
E glass) 6
2 mm and 13 228.78 13726 246.03 14761 3362 | 3142 650 5824 4471 4178
mm air
cavity
double
thermochroic
kB glazing 6 mm 216.75 13005 236.88 14212 | 4083 | 3691 790 7078 5430 || 4909
,6 mm air
cavity
double
(SAGA
Glass) 7 mm,
12 mm
krypton gas
cavity
double (Low-
E Elec
Reflective
5 Colored 182.03 10921 198.56 11913 6167 | 5990 1050 9408 8202 | 7966
Glass), 6
mm, 13 mm
air cavity

202.07 12124 225.05 13503 4964 | 4400 950 8512 6596 | 5852
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In order to calculate the Payback time for the proposed treatment cost, we have to calculate
the energy consumption cost saving rate for the case of glass treated with nanotechnology
compared to the the existing case. We find that the saving rate in energy consumption in the
eastern classroom is 6167 KwH annually, and the saving rate in the southern classroom is 5990
KwH annually. The cost of a kilowatt is 1.33 EGP according to the prices of the fifth category
by the Egyptian Electricity Company for the year 2023. The average annual saving rate for the
eastern classroom is 8202 EGP, and by dividing by 12 months, the average saving rate
approximately equal to 683.5 EGP per month. The average saving rate for the southern
classroom is 7966 EGP, and by dividing by 12 per month, the average saving rate
approximately equal to 663.8 EGP per month. The cost of using a single transparent glass
with a thickness of 3 mm in the opennings with a surface area of 8.96 square meters equals
1613 EGP, and the cost of double glass treated with nanotechnology (Low-E Elec Reflective
Colored Glass), with a thickness of 6 mm, 13 mm air cavity in opinings with a surface 8.96
square meters equals 9408 EGP, so the cost of the proposed treatment = 9408-1613 = 7795
EGP.
The Payback time = the proposed glass type cost devided by the average of saving rate:

- The Payback time for the Eastern classroom proposed treatment cost :

7795/683.5 = 11.40 months, which is less than a year.
- The Payback time for the Southern classroom proposed treatment cost: 7795/663.8
= 11.70 months, which is less than a year.

Conclusion:

According to the above analysis, simulation, and comparison between proposed treated
glass types within the case study (the First District Secondary School for Girls in Sheikh Zayed
city). The results illustrates that the southern classrooms annual energy consumption decreased
from 298.39 kWh/m2 to 198.56 kWh/m2 , also the eastern classrooms annual energy
consumption decreased from 284.81 kWh/m2 to 182.03 kWh/m2 with a total energy saving
rate equivalent to 34.74% when we used Double Low-E Elec Reflective Colored glass with a
thickness of 6 mm And 13 mm air cavity (SHGC = 0.569), (LT = 0.578), (UV = 2.130) in the
fifth case instead of the glass type used in the existing case (a single 3 mm transparent untreated
glass is used (SHGC = 0.861), (LT =0.898). ), (UV =5.894). From an economic standpoint,
we also find that ,in the fifth case, the time to recover the cost of the proposed treatment is less
than one year, which is considered a short period to compensate the cost. Based on the above,
we can conclude that using glass treated with nanotechnology plays an effective role in
improving thermal performance and reducing cooling energy demand in educational buildings
in the Greater Cairo region.
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