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Sustainability in educational spaces from the
perspective of lighting

(case study, a public school in Cairo)
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(Lecturer of Architecture Engineering in faculty of Engineering -Horus University- new Damietta- Egypt)

Abstract:

Energy conservation has a vital and essential role in achieving the dimensions of
sustainable development in buildings In general, and in government educational buildings
in Egypt in particular, without prejudice to the natural balance that God created in the
universe. The problem of the research is that it was not taken into account in the design
process of public schools in Cairo governorate from the perspective of environmental
architecture in design and implementation, especially in terms of energy saving and in
terms of achieving: natural lighting / ventilation / courtyards and building materials and
others, in order to achieve international standards and The problem of not activating the
use of environmental simulation programs in the existing government school buildings to
address environmental issues related to energy conservation (Qin et al. 2018), and that the
existing government school buildings do not comply with sustainability standards, Which
leads to a shortcoming of the educational process (Unler 2008). The research aims to
reveal the effect of the difference of orientation on the energy consumption of classrooms
in public schools in Cairo, in order to reach typical treatments for these schools, and to
reach the goal, the factors causing energy consumption during the operation of the building
were studied, and then a proposal was developed to raise the energy efficiency of
classrooms in educational buildings in a school The sample, through the integration of
natural and artificial lighting to reach the optimal lighting intensity recommended in the
global and local energy codes (Innes (2010 and Booher), and the methodology used in the
applied study of the selected school sample depends on the comparative causal descriptive
approach “comparing between two chapters in two different buildings” Orientation in the
sample school, one in the northern direction and the other in the southern direction, using
the contemporary technical applied method that depends on the application of a computer
program for environmental simulation of the building in most stages of the research, using
the Design Builder program, based on the experimental outputs and results of it (2018
Light). The results of the research paper show the importance of increasing the efficiency
of natural lighting in school buildings, to reduce the use of natural lighting The research
also found the need to integrate natural and artificial lighting strategies and the use of smart
environmental lighting systems in buildings, and multi-level systems as integration systems
to obtain greater A quantity of indirect natural lighting only without any harmful sunlight,
such as switch control systems, to reduce energy consumption. The recommendations
should be taken into account the need to follow the requirements of the Egyptian Code to
improve energy efficiency in buildings, as it is the environmental criterion and yardstick
through which we can test the quality of the design of the external envelope for schools in
Egypt, and to provide thermal and visual comfort for its residents.

Keywords: Sustainability - Lighting - Exterior Covering - Educational
Buildings - Design Builder — Orientation- simulation.
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SUMMARY

When talking about sustainable development, its requirements and strategies in the
public education sector in Egypt; The role and importance of the computer in
environmentally simulating buildings becomes necessary, not only to provide
information, but to harmonize it and deal with it well to ensure the achievement of
sustainability standards and rationalization of energy consumption (Rashdi and Embi
2016). The architect is responsible for designing facilities capable of meeting the
needs of their users by providing thermal and visual comfort to accomplish their
various activities related to the nature of the building’s use well, so he must take into
account an essential aspect of the building’s operation, which is the rationalization of
energy consumption. Share The operating hours of educational branches depend on
the day period, Which requires providing some amount of lighting in line with the
activity in those spaces. Natural lighting has the ability to achieve vision and visual
and physiological comfort for the users of the space, which in turn is reflected in the
productive capacity of the space user, and this represents the psychological and
functional aspect of using natural lighting, and some studies have been conducted in
European countries on the priority of directing educational spaces and that Either in a
practical way or by computer simulation, and many of these previous studies have
shown the preference of the northern orientation for the stability of the level of
illumination intensity throughout the day, and these experiments were taken and their
results applied to most educational buildings in Egypt without verifying their
suitability to the local climatic conditions in general and on public schools in Egypt in
particular (Ali, Habib, and Mohammed 2009; Hamdy et al. 2021). And the efficiency
of the outer envelope can be determined in terms of its ability to rationalize energy
consumption by evaluating its architectural elements (ceilings - walls - openings -
floors) according to stages that begin with determining the climatic factors of the area
on which the building is built (Hamdy et al. 2021) and examining these factors
Through the Environmental Simulation Design Builder program, in which the
electrical energy consumption required to operate the industrial lighting in the
classrooms is calculated and the building’s thermal transmittance and total thermal
transmittance are calculated within the same program, to achieve sustainability
requirements. The program is also used to study the building’s quality, orientation,

nature of use and period Its operational characteristics, and then the economics of



improving energy efficiency can be determined through the building's outer shell
(Unler 2008). That is, the focus on improving energy efficiency in buildings by
adopting methods to rationalize energy consumption is a decisive factor and an
effective policy in reducing negative environmental impacts (Abdul Muttalib 2008).
Research problem: 1. Environmental architecture was not taken into account in the
design process of public schools in Cairo governorate in the design and
implementation, especially in terms of energy saving, and in terms of achieving:
natural lighting / ventilation / courtyards and building materials and others, in order to
achieve international and local standards For educational buildings in government
schools (Kamoona 2018). 2. Not activating the use of the existing government school
environment simulation programs to address environmental issues related to energy
conservation. (2018. Qin et al.) 3. Existing public school buildings do not comply
with sustainability standards, which leads to a deficient educational process (Unler
2008.(

The aim of the research: ¢ Detecting the effect of different orientations on energy
consumption in classrooms in public schools in Cairo, with the aim of arriving at
typical treatments for these schools. < Develop a proposal to raise the energy
efficiency of classrooms in educational buildings in the sample school, through the
integration of natural and artificial lighting to reach the optimum intensity
recommended in global and local energy codes. The main question of the research: It
depends on the comparative causal descriptive approach, by comparing two classes in
two buildings of different orientation in the sample school, one in the north direction
and the other in the south direction, and the comparison between two types of
interface treatments on the same interfaces, and this approach in which the
independent variables (causes) are apparent. It is known from the lack of
consideration of the school’s sustainability standards, and the researcher began to
observe the dependent variables (results) from the impact of inappropriate guidance
on increasing energy consumption in classes, and then by studying the independent
variables to try to know their potential relationship and their effects on the dependent
variables, using the contemporary applied technical method that It depends on the
application of a computer program for environmental simulation Design Builder for
the school's educational buildings in most of the research stages. Research limits:

Research tools: The data for this research was obtained using a set of tools as follows:



The research was conducted in a specific context, which is a school that includes all
educational stages called the Martyr Raed Sherif EI-Sibai Official Experimental
(formerly Freedom) in Nasr City, Cairo Governorate, Republic of The Arabian Egypt
. Share 21:38 Phoenix Files Survey study through the field visit to the school, and
interviewing some experts, specialists and those in charge of development work, and
using the interface simulation program (8.3 Design Builder version 4.5.0.148 (Energy
Plus) and measuring it) (Beatley 2015). Ehab Muhammad Ogba and others 2021)
Theoretical study ¢ Raising the efficiency of energy consumption in educational
buildings: It means the efficiency of energy consumption as: the ability to provide the
best results with the least possible waste of energy, human effort, resources and
money without compromising the job, and it is possible to achieve efficiency Energy
through: Rationalizing energy consumption: Rationalization means that it is “good use
of what is available from it by investing it with sufficient palliative means to obtain
the maximum economic return.” It also elevates “identifying the sites of wasted use of
it and taking the necessary action steps to reduce this waste to a minimum or prevent
it.”  Exactly” (Soliman, Al-Eisawy, and Ahmed 2021), and the process of

rationalization and

Conserving energy on the site by making a good study of the site’s capabilities
through design to meet the building’s needs of lighting, ventilation, heating, cooling
and electricity generation, (Smales and Warhurst 2015), such as using solar energy to
provide natural lighting as much as possible for the largest number of hours, which
Contributes to saving energy consumed by industrial lighting, as well as using it for
heating and providing hot water through solar heaters. The applied study The school
buildings are recurring models for the majority of public schools in Greater Cairo,
which is located in the semi-mediterranean and semi-desert region (Delta) as one of
the climatic regions in Egypt. The applied study deals with the analysis of the study
sample, which are the buildings facing north and south on the ground floor. The two
classes were tested in the sample school with the DESIGN BUILDER program to find
out the results of the cooling loads required in the current situation for the design of
the outer casing, then carrying out treatments for the casing and determining the
percentages of reduction in the cooling loads and artificial lighting in the two chosen
directions, and extracting the best treatments for each element and testing them

together to reach the alternative the most energy efficient (2018. Qin et al). The



reason for choosing the case: The following: Results and analyzes: A summary of
another translation... Untitled 11 -9.pdf 3 . E that the school includes all educational
levels from kindergarten to secondary, and is located in Cairo Governorate, one of the
most densely populated governorates in the number of students, and thus reflects the
state of many government schools. The school is located next to the Al-Ahly Club in
Nasr City, that upscale neighborhood, which gives it priority in sustainable
development. The selected school has several educational spans with a number
(seven) standing in different directions, which provides various hypotheses for
development and study of the effect of different orientation on the consumption of
artificial lighting, and Figure (7) shows the location of the sample school in Cairo
Governorate, by studying the existing design of the buildings in the school, we
conclude what Following: . Models of school annexes are repeated for the majority
of government educational buildings in Egypt without any considerations for the
design of the external envelope, which will give an opportunity to generalize the
study. 21:39 Share Phoenix Files That 39% of the outer shell of the facade under
study is window openings. Weakness of the thermal resistance of the glass used in
windows due to the use of single reflective glass. The operation of the educational
building in the morning school from 8 am to 3 pm The required solid wall resistance
is 2.5 and the resistance in the current situation is 1.24 The solar heat gain coefficient
of the required glass is 0.3 and the current is 71 ... The required glass resistance is 0.2
and The current 15 ... There is no shading for the openings in the basic design, and
the research reached the following: First: a proposal was developed to raise the energy
efficiency of classrooms in educational buildings in Al-Aymah School, in order to
make it easier for the designer and developer to apply it to improve energy efficiency

in the building, and they are as follows:

It is also possible to suggest some environmental treatments for educational buildings
in the school, as shown in the following table: The proposed environmental treatment
advantages and disadvantages. Replacing the single glass with a double reflective
one. 2| Shading the facade partially with horizontal sun breakers Shading the facade
partially with vertical sun breakers Adding external EPS polyethylene insulation
Adding external aluminum cobond cladding. Not affecting the architectural
configuration of the building Achieving the requirements of Code E is a permissible

effect on the architectural configuration of the building. E Fulfilling the requirements



of the Phoenix Files code. E. A permissible effect on the architectural configuration of
the building. E. Fulfilling the requirements of the code E. Not affecting the
architectural configuration of the building, provided that it adheres to the same color
for the basic design. E. Fulfilling the requirements of the code E. Not affecting the
architectural configuration of the building, provided that the same color of the basic
design is adhered to. Achieving the requirements of the code The level of natural
lighting in a space used for the purposes of the study is its minimum, which is about
100 lux, and the intensity of artificial lighting in study spaces is between 300 - 500
lux. . The northern or northeastern orientation, gives the best distribution of internal
lighting in the classroom, and this is considered the best direction for study spaces,
which is characterized by a low and constant level of illumination intensity
throughout the day, which leads to the absence of contrast and the absence of dazzling
phenomenon within a space. 3. The spaces with south orientation are characterized
by having a level of illumination higher than the required limit, but it changes rapidly
throughout the day, which leads to the presence of dazzling areas in different parts of
the space, in addition to what is caused by direct sunlight penetration of the
phenomenon of direct dazzle for the user of the vacuum Which can be controlled by
Alkasrat horizontal. 4. It is preferable that the finishes be of light colors, with a high
light reflection coefficient and the efficiency of natural lighting, and they change by
changing the colors of each of (ceilings - side walls - the wall opposite the main
openings - floors). e . The glass permeability coefficient shall not be less than (0.45)
and the percentage of openings within 30% according to the requirements of the
Egyptian code for non-residential buildings. The importance of increasing the
efficiency of natural lighting in the school buildings, to reduce the use of artificial
lighting because it represents 30-50 percent of energy consumption in the school
building. . Designing windows and methods of external shading and natural
ventilation (such as external shelves that are installed on top of windows or sun
breakers, etc.) using simulation programs. . Using LED bulbs, as they are better than
the traditional fluorescent bulbs (712) used in many existing buildings in government
schools. . Integrating natural and artificial lighting strategies and strategies to control

or reduce glare in educational buildings, to achieve visual comfort.

10. Using smart environmental lighting systems in educational buildings, such as light

racks - light pipes - anidolic mirrors system - HOE material system, multi-level



systems as integration systems, to obtain the largest amount of indirect natural
lighting only without 11. The use of integration systems between natural and artificial
lighting, such as switch control systems to reduce energy consumption Third: In
general, the research found that: 12. Achieving sustainability in buildings does not
require affecting the formation of the building's outer envelope, but it could be The
building is sustainable and its exterior is subject to the architectural expression desired
by the designer 13. The outer envelope represents the largest share of the system for
achieving thermal comfort for the building as a whole 14. The achievement of
sustainability is not limited to new buildings only, but extends to include existing
buildings Recommendations: Evaluation of buildings on the one hand Energy
depends on that when designing buildings, it must be taken into account that the total
energy of the building is operating for the building or during the operation phase.
Builder as it is considered the environmental criterion and standard through which
you can test the quality of the design of the outer shell of schools in Egypt, and to
provide thermal and visual comfort for its residents. . Taking into account the design
considerations affecting the efficiency of the thermal behavior of the elements of the
outer shell, whether solid elements or openings, which are - the thermal properties of
the type of material - thickness of the masters - the presence of a heat-insulating
material - the color of the outer surface of the material, and the type of finishing
material and the texture of the outer surface affect the solid elements, The ratio of the
aperture to the wall, and the use of shading systems affect the efficiency of the
openings. It is necessary to take advantage of environmental simulation programs,
especially in educational buildings, and to develop them in the future to work on a
large scale in the Arab Republic of Egypt at the level of bodies and places of decision-
making through the participation of citizens. Dividing the educational space into light
levels and reconsidering the placement of the interior furnishing elements so that it is
commensurate with the function of the space and the rate of distribution of lighting
within the space.



