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ABSTRACT
Education helps to form a complete community, a better society and communal
confidence. Therefore educational buildings should obtain a healthy environment. Nowadays,
lots of educational buildings are designed according to basis of sustainability. However, in
Egypt most of the educational buildings are built without considering any sustainable issues,
as a result they consume a lot of energy and obtain a poor indoor environmental quality. This
is reflected on the ability of the students to learn and affects the quality of education. Some
design criteria are put into consideration when designing a school building such as; building
orientation, window placement, glazing transmittance, daylight factor and shading devices
application. The existing and upcoming educational buildings should be designed to decrease
the negative impact on the learning environment.
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INTRODUCTION
Procedures for the evaluation of school buildings in terms of sustainability have been
developed over the centuries. School building design has evolved since the origination of
school houses in the 17th century, where the school plan was just a rectangular shape having
one class which used to hold up to 100 students. There wasn’t a great concern about the
window orientation or the occupants comfort zone (Kaga, 2008). During the 19th century this
concept changed and architects began to design the school buildings according to
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sustainability, where they started using passive elements in their design and tried to achieve
the optimum design for the occupants. Finally this evolution continued and is still ongoing
where sustainability became a major aspect in any school building design.

In Egypt most of the existing schools are in a dreadful condition. There are many architectural
and environmental problems leading to human discomfort, which is reflected on the students’
performance. Basically primary schools help to form a complete community; therefore it is
essential to provide a healthy environment in order to reflect a positive impact on the
occupants. Nowadays, lots of educational buildings are designed according to sustainability.
Surveys in Egypt have proved that the artificial lighting consummation has the highest
percentage, which was almost 90% compared other building types. In addition to the ministry
of education in Egypt recommended reducing the artificial light consumption by at least 20%.

Previous researches have addressed the importance of sustainability, especially the indoor
environmental quality and its influence on the occupants performance. In November 2003, a
paper was published by Leonardo Academy “The Impact of Sustainable Buildings on
Educational Achievements in K-12 Schools”. It discusses how indoor environmental quality
affects the students’ and teacher’s performance. It was proven that natural light reduces the
dependency on artificial lighting from 30 to 70 % (Kellum, 2003). Finally, a thesis by
Michaelidou Katerina published in January 2012 “Natural light in learning environments”
determines the positive effects of natural light in the architectural design of learning
environments. Three case studies were analyzed that use several daylight strategies and they
proved to achieve successful illumination with natural light and also energy-efficiency
(Katerina, Natural light in learning environments, 2012).
The literature mentioned above lacks a framework or guidelines demonstrating the optimum
design for the classroom in a school building to reach the sustainability goals. In this paper,
we discuss the importance of the indoor environmental quality in educational buildings.
Moreover, we study the theories of achieving the optimum natural light in classrooms with
respect to the site, daylight factor, windows orientation and size. The aim of this paper is
reaching a frame work for the optimum classroom design with the best day lighting.
This Paper is classified into three sections; Section I is a literature review explaining
qualitative and quantitative theories for obtaining the optimum natural light concluding the
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design criteria for a well lit and ventilated classroom. While section II analyzes a case study
in Egypt using the criteria concluded from section I. Section III is a framework for designing
educational building classrooms with the ideal natural light and ventilation strategies in
Egypt.

INDOOR ENVIRONMENTAL QUALITY
Students spend almost 80 percent of their time inside the educational buildings; which must
be designed to meet their needs. Indoor environmental quality is a huge problem in some
countries; nevertheless inhabitants are affected by the indoor environment. Primary schools
require satisfactory and superior indoor environmental quality (Katerina, Natural light in
learning environments, 2012). This paper scopes the natural light in classrooms of primary
schools.

Natural light

INDOOR ENVIRONMENTAL QUALITY

Figure1: Indoor Environmental Quality (source: Researcher)

NATURAL LIGHT
Sunlight is one of nature’s elements affecting human health. Throughout history, the human
dependency on sun for wellbeing has been acknowledged. Natural light is essential for
children and affects their performance. It affects their interaction with other people and the
ability to carry out visual tasks. Exposure to direct sunlight must be controlled as direct
sunlight can harm the human body (Katerina, Natural light in learning environments,
2012).Light plays an important role in creating a healthy environment where students and
teachers can interact and engage in the education process. Research has shown the benefits of
good day lighting and it was proven that lighting accounts 30% of school energy costs and
saves 25% of the total energy used (SEAI, 2002).
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DESIGN CRITERIA
Day light is one of the most essential elements affecting the student’s health in primary
schools. It has scientifically proven that daylight helps to increase occupant’s productivity and
comfort, provides the mental and visual stimulation, reduces energy consumption and
decreases the dependency on artificial lighting (SEAI, 2002). For daylight control and
improving its quality, several strategies are followed;

a. Window Openings
The window to floor area ratio is the total area of the window divided by the floor area.
Research has proved that the best ratio to obtain the best light distribution is to be 0.2
(Greengarage, 2009)

b. Window Placement
Window placement is strongly related to the building orientation; North is proven to be the
best orientation for classrooms, south is also a good orientation but shading devices has to be
applied. As for the east and west they are not preferable due to the high heat gain (O’Connor,
2000).

Table 1: Window orientation in school building
North: Good orientation as it provides
day light with minimal heat gain.
Best orientation
South: Strong illumination
Window Placement

East-West:
heating

Not

preferable,

over

c. Classroom Depth
Classroom depth is ideal when the light intensity is formally distributed in the space. The
higher the window head height WHH; the deeper the light penetrates indoors (O’Connor,
2000) (IESNA Lighting Handbook 9th Edition, 2000). Daylight penetrates to a depth of =1.52* WHH (O’Connor, 2000). Another advanced equation states that Daylight is ideal when it
is not exceeding the limiting depth which is

where;

L: the limiting depth of the classroom
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W: the width of the room measured parallel to the window.
H: the window head height
: Average reflectance of interior surfaces

d. Additional lighting and shading devices
Help in controlling the light penetrating the building.
Table 3: Additional lighting and shading devices (O’Connor, 2000) (LEED, 2009)

e. Average Daylight Factor
Average daylight factor (ADF) is the average of a number of values at a number of points on
a work plane (DeCaestecker). In Classrooms the ideal daylight factor should be 3% (Reinhart,
2009).
Table 4: Average daylight factor (Reinhart, 2009)
Average daylight factor
5% or more
2-5%
Less than 2%

Daylight quality in space
Bright daylight, no need for artificial lighting but heat control
is needed.
Well lit and no additional lighting during daytime. Requires
additional little artificial lighting.
Dim light and electric light is needed

CASE STUDY: EL EKBAL NATIONAL COLLEGE
Located in Alexandria, Egypt was selected as a case study to analyze its natural light
performance based on the design criteria previously mentioned. It has some problems that
need to be adjusted. Figure 6 shows Alexandria’s weather. The seasons in Alexandria are split
into two main seasons of winter that starts in November and ends in April and summer that
start in May and ends in October. The daily temperature in winter mornings is around 20
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degrees Celsius dropping to an average of around 10 degrees Celsius at night. In summer, the
average temperature high during the morning is around 30 degrees Celsius with the average
low during the night being around 21 degrees Celsius. (worldweatheronline)

Figure 6: Average temperature graph for Alexandria (worldweatheronline)
Project Description
El Ekbal National College established after the 1952 revolution in Alexandria. It is around
4000

, U-shaped plan with a central court. The four story building consists of primary,

secondary and high school departments. The primary department holds up to 1500 student
and consists of 20 classrooms. Each classroom holds from 40 to 60 students (El-EkbalNational-College-ENC, 2015).

Figure 7: El Ekbal National College (source: researcher)
Urban Context
The school is located in a central district in the city as shown in figure 8. The building site is
surrounded by residential high rise buildings and the area is very busy and crowded.
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Figure 8: EL Ekbal National College site analysis (Google earth, 2016)

Primary

school

zone,

consisting of 20 classrooms
distributed along 4 floors

Figure 9: Ground floor Plan of El Ekbal national College
Natural Light Analysis
There are some problems regarding the furniture and the student’s capacity in the classrooms.
The corridors lack the presence of natural light. More over the dark glazing in all the
classrooms certainly affects the daylight factor and glazing transmittance. Table 2 shows
natural light analysis in the school building.
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Table 2: Natural Light Analysis (source: researcher)

Very dark Glazing in the north elevation, which
affects the daylight

factor and glazing light

transmittance

No active area
Between
furniture

Poor
Lighting
in corridor

Side lighting
Total Sliding window area is 3.28 x 1.64
The classroom has 4 clerestory windows
from the corridor side, 0.98m wide each.
The other side has 2 sliding windows,
1.64m wide each. The classroom’s area
is 37.3 m2, which is somehow narrow
leading to some furniture and other
problems

Additional window area is 0.98 x 4 x 1.12
Figure 13: Primary Classroom Plan of El Ekbal National College (source: researcher)
Window to floor area ratio;
Area of all openings= (3.28*1.60) + (0.98*4*1.48) = 9.6m2
Area of Floor= 6.38*5.86= 37.3 m2
Window to floor area ratio= 9.6/37.3= 0.26
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Window placement
Figure 14 shows the classrooms windows which are oriented north-west and south east. They
are well oriented but the whole building orientation needs to be adjusted towards the north to
maximize the natural light and ventilation into the classrooms.

Figure 14: Window placement in the classrooms (source: researcher)
Classroom depth and height
Daylight is ideal when it is not exceeding the limiting depth which is

Figure 15: Typical Longitudinal section for the north classroom (researcher)

L: the limiting depth of the classroom
W: the width of the room measured parallel to the window.
H: the window head height
: Average reflectance of interior surfaces
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Consequently, since the bilateral classroom is 5.86m depth which is less than 7.2m, therefore
the limiting depth is within the range but the classroom proportions needs to be adjusted.
Day Light Factor
By assessing the values in figure 16, the following is found;

Court Yard

Figure 16: Section showing the angle of visible sky in each floor (researcher)
Area of glazing = 11m2
: Angle of visible sky for the ground floor = 62
T: The transmittance = 0.18 (dark bronze)
: Total surfaces area = 147 m2
r : Surfaces reflectance = 0.5

When repeating the same assessment with the different visible sky angles, we get a result that
the least daylight factor reached is 1.9 % in the ground floor while the maximum daylight
factor reached is 2.5% in the 5th floor.
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Table 3: Case Study Checklist (source: researcher)
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DESIGN RECCOMENDATIONS FOR ADEQUATE LIGHTING IN EGYPTIAN
SCHOOLS


In Egypt, the best building orientation is to orient the classrooms towards the north and
north-west. If some of the classrooms are to be oriented towards the south, environmental
treatments must be applied to prevent the strong illumination and overheating.

Figure 17: Building Orientation diagram (source: researcher)


The ideal classroom area ranges from 65-70 m2. The number of students per class should
be 30 or 40. However in Egypt, classrooms occupy around 60 students and is about 35-40
m2 leading to students’ discomfort.

Table 4: Ideal Classroom dimensions (source: organized by researcher).
Ideal classroom dimensions for the best daylight & ventilation penetration
Limiting Depth & height

Height should be from 3.54m.
The ideal limiting depth for light penetration is 7-9m.

Window to floor area

The ideal WFA = 0.2, while the window to floor surface area is 0.4.

Window to total surface area

This means that the ideal window area in a classroom should be 0.2
x 65 or 70 = 12 -15m2.

Classroom ratio

Ideal length to width ratio is 1:2 or 1:2.5
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The ideal window dimensions are from 3-4 m width, the window head height can be from
2.2-2.8m. Curtain walls are not preferable to prevent overheating and glare. Figure 18
shows the best classroom design for obtaining natural light.
Windows are placed on

3-4m

the narrower side of the
classroom for better light
distribution and it is better

7m

that the light falls on the

9m

left hand side of the
student to prevent glare.
Figure 18: Ideal Classroom dimensions (Source: researcher).


Environmental treatments such as Louvers, light shelves and shading devices as shown in
figure 19 should be applied on the south, east and west facades.

0.7 – 0.9m

0.7 – 0.9m

Figure 19: Environmental treatments on the façades. (bigladdersoftware, 2016)



For achieving natural light through windows with the presence of obstructions, the angle
should not be more than 25 degrees from the horizon. Therefore; the optimum angle of
visible sky to obtain a daylight factor of 3% should be from 65 to 70 degrees.

Figure 20: Day light with the presence of obstruction (source: researcher)
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CONCLUSION
Good design for schools is both a creative process and an outcome. It should be responsive to
the environmental context, adaptable to future needs and uses resources efficiently.
Sustainability for schools is a vibrant process that enables all the students and the community
to realize their potential. Day lighting is one of the essential factors to achieve the
sustainability in school buildings. In the Egyptian context the status of school building’s
architecture is critical, and regarding specifically the daylight quality in classrooms there are
many concerns. The Building regulations in Egypt allow the implementation of educational
facilities situated in the dense urban contexts resulting in poor daylight for classrooms. Also,
sustainable issues are not taken into consideration in the design. Most of the schools depend
completely on the artificial lighting.

Finally, a well-lit classroom provides a healthy

environment conducive to learning and student achievement.
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