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ABSTRACT
The quality and quantity of daylight and indoor thermal conditions have been confirmed by

various studies to significantly influence the learning and teaching performance and health of
both students and teachers within classrooms. As the problem of energy consumption in Egypt
increases, the primary goal of using natural light in schools is to reduce energy consumption and
costs, but it must also improve student performance. Achieving maximum natural illumination
through appropriate glazing ratios is crucial for improving comfort and productivity. Enhancing
the amount of natural light in classrooms has benefits, but it is important to cope with potential
disadvantages to establish healthier and more sustainable learning environments. The excessive
use of windows and insufficient shading and insulation may increase the absorption of solar heat
and glare, while also reducing the visual comfort in classrooms. The study focuses on reducing
energy consumption and the need for artificial lighting, increasing productivity and visual
comfort, in addition to clarifying the effect of window-to-wall ratio and their effect on the ratios
of natural lighting within the classrooms, to create healthier and more sustainable study
environments. The Design Builder software was used to simulate the impact of different window
opening sizes' impact on natural classroom lighting. Seven classroom models were designed,
identical in all aspects except for the window opening size, which varied between 30% and 90%
of the external wall area. The classroom dimensions were 9m by 6.7m, with the external wall
(containing the windows) measuring 9m by 2.7m. The natural lighting performance was
evaluated based on several metrics, including average illuminance (Lux), minimum maximum
illuminance, daylight factor, glare index, and thermal comfort and energy inside the class.

Keywords: window-to-wall ratio, energy consumption, visual comfort, natural lighting,
thermal comfort.
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1. INTRODUCTION

Thermal comfort is particularly important in hot, dry climates, particularly in educational
buildings. It significantly affects both energy consumption and interior building temperature.
The impact of energy consumption in schools on indoor thermal comfort, energy efficiency, and
environmental sustainability as a whole makes it a major problem in Egypt. Research has
demonstrated that retrofitting strategies, like replacing windows and enhancing wall insulation,
can significantly lower the energy used in educational facilities. (Aboulnaga et al. 2017) In
addition, the structure of school buildings, particularly courtyard ratios, is a significant factor in
influencing indoor temperature and energy usage; good courtyard ratios result in reduced yearly
energy use and enhanced student thermal comfort. (El-Samea, Hassan, and Abdallah 2020)

1.1._ AIMS AND OBJECTIVE

Given the above-provided information, it would be ideal to summarize the process for

comprehending the classroom environment in international primary school buildings. The main
goal of this study is to evaluate the energy consumption and thermal comfort levels in new
international primary schools in Egypt utilizing the window ratio.
To do this, a field measuring exercise was carried out at the chosen school building. This was
followed by computer modeling work using the "Design Builder" program to simulate the
building's thermal performance and energy usage. The computed values from the field
measurement and the simulation results were then compared for validation purposes.

2. METHODOLOGY

First, the theoretical approach is a study of the literature:

It discussed the research methodology of how different outdoor and interior components interact
to create school settings that are both pleasant and energy-efficient. The graphic illustrates how
these elements work together to affect how much energy schools use, focusing especially on the
impact of natural light as shown in Figure (1).
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Figure (1): factors affecting energy consumption in school buildings (Outdoor Factors and Indoor
Factors)Source: the Author
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The Figure emphasizes the importance of natural sunshine in balancing thermal and visual
comfort, affecting energy usage. It flows from outside to inside variables.

Indoor Factors

Classroom Area: How heat and light are dispersed in a classroom depends on its size. Larger
spaces could need more heating, cooling, and lighting than smaller spaces. (Labihi et al. 2024)
Window-to-Wall Ratio: This shows the number of windows that make up the walls of a
classroom. Greater natural light penetration into an area via a higher window-to-wall ratio may
reduce the need for artificial lighting, but it may also result in increased thermal gain or loss,
which may affect the quantity of AC required. (Nasir et al. 2023)

Thermal Isolation: This refers to the building supplies and techniques utilized to insulate the
classroom. By minimizing heat gain in the summer and heat loss in the winter, good thermal
insulation may assist in maintaining a comfortable temperature and reduce the amount of
energy needed for heating and cooling(Alegbe et al. 2023)

Outdoor Factors

Location (School Climate Zone); The physical location of a school is important because it
affects outside parameters like temperature and availability of natural sunshine, which have a
big influence on energy requirements for climate change and lighting (Serrano-Jiménez et al.
2021)

Orientation (Classroom Orientation): Orientation is a crucial factor in determining how much
natural light enters classrooms within a school building during the day. Orienting a classroom
correctly may maximize the use of natural sunshine, thereby decreasing the need for artificial
lighting and increasing energy efficiency. Such considerations include facing east for morning
sunlight and west for afternoon sunlight. (Erdemir and Yener 2022)

Natural Daylight: The presence of natural daylight in a classroom is essential for both thermal
and visual comfort. Research highlights the significance of utilizing natural illumination to
improve user comfort and minimize energy usage. (Othman et al. 2023)

Second: Study area and modelling:

The study concentrated on the architectural design phase and relied exclusively on the
simulation of the existing model for a classroom and its associated computations. The case study
building is a typical school building in Cairo, Egypt. The simulation tool "DESIGN BUILDER"
was used to explore how the effect of window-to-wall ratio and their effect on the amount of
natural lighting within the classrooms to reducing energy consumption by selecting two
classrooms in different orientations to conduct an analytical study. We modelled the effect of
different glazing ratios and window configurations on occupant comfort and energy demand
using “Building Information Modelling" analyses using Revit software. Monitoring energy use
in summer and winter helps determine the best direction to reduce energy demand in buildings.
The study includes an analysis of daylight during different periods of working hours.

3._Background and Literature Review

3.1. Natural daylight

Natural daylight is a powerful tool for enhancing the learning environment. Researches
consistently shows that classrooms bathed in natural light contribute significantly to improved

Page | 247



Delta University Scientific Journal Vol.07 - Special Issue (2024) 245-266

student outcomes, health benefits, motivation, and work/learning performance. Rely on natural

light sources has many benefits in Classrooms:

e Improving learning Performance: Studies have linked increased exposure to natural light
with better test scores, particularly in subjects like math and reading.

e Reduced Absenteeism: Brighter classrooms can contribute to decreased sick days among
both students and staff.

e Energy Efficiency: Optimal daylighting can reduce reliance on artificial lighting, saving
energy and costs.

Designing for Natural Light

To maximize the benefits of natural light in classrooms, consider these design elements:

e Large Windows: Ample window space allows for maximum daylight penetration.

e Optimal Window Placement: Position windows to avoid glare and direct sunlight while
maximizing natural light.

o Light Shelves: These interior reflective surfaces can distribute daylight deeper into the
classroom.

o Daylight Sensors: Automated lighting systems can optimize artificial lighting based on
available daylight.

o Shade Control: Blinds or curtains can regulate light levels to prevent discomfort.

Challenges and Considerations

While the benefits of natural light are undeniable, there are challenges to consider:

o Energy Costs: Excessive heat gain from large windows can increase cooling costs.
e Glare: Direct sunlight can cause discomfort and hinder visibility.

o Inequity: Classrooms with less natural light may create disparities among students.

3.2. Window-to-wall ratio

The window is regarded as the most vulnerable thermal connection in a building envelope,
allowing heat absorption during summer and heat loss during winter. Despite its tiny surface
area, it has a greater impact on heat transfer compared to the walls, ceilings, and floors of the
building. Consequently, it is regarded as a crucial factor that influences the energy consumption
of buildings. (Muhaisen and Dabboor 2015) The window-to-wall ratio should not be decreased
to the point where it excessively reduces natural light. Furthermore, this ratio should not be
excessively high, since the influx of solar radiation may result in excessive heat accumulation
and an increased probability of glare in the surrounding area to the window. (Sayadi, Hayati,
and Salmanzadeh 2021) In addition to shading devices, three factors impact the extent of heat
gain and heat loss through windows: the window-to-wall area ratio (WWR), the window
orientation, and the thermal characteristics of the glass material. (James 1979)

¥, ) The proportions of windows to walls
The proportions of windows to walls, the orientation of classrooms, and the thermal

properties of glazing are among the most important factors affecting energy consumption inside
schools as shown in Figure (2).
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e Low Window-to-Wall Ratio (WWR <20%):

The researches suggests that a classroom model revealed that 20%
none of the classroom models with a window-to-wall ratio
(WWR) of 10% were able to attain an acceptable level of daylight 30%

based on various daylight indices. In the classroom design
including a solitary horizontal window with a Window-to-Wall

Ratio (WWR) of 20%, it is capable of receiving daylight.(Daei e
Parizi, Nikpour, and Fallah 2025)
50%
e Moderate Window-to-Wall Ratio (20% < WWR <40%):
Maintaining a WWR within the 20% to 40% range in school || 60%
buildings can help achieve a balance between energy efficiency
and adequate natural light, contributing to overall energy savings 70%

and improved environmental performance. Research suggests that

for optimal energy performance and daylighting, a WWR

between 20% and 30% is recommended, with slight variations

based on orientation and location, especially in higher altitude Figure (2): Window-to-Wall
regions (Alwetaishi and Benjeddou 2021). Additionally,  Ratio (WWR) and the position
simulations on various building facades indicate a trend of  of the window on the fagade

decreasing energy consumption up to a WWR of 40%, beyond ~ Seurce: (Sayadi, Hayati, and
which diminishing returns are observed due to potential

increases in lighting requirements (Ayuningtyas, Suryabrata, and Sarwadi 2019).

e High Window-to-Wall Ratio (WWR > 40%)

The researches suggests that classroom models that have a window-to-wall ratio (WWR) of
50% create a space that is excessively bright, potentially causing glare However, the other
classroom models achieve a daylight within an acceptable range, except for the model with 5
horizontal windows very close to the acceptable range. Classroom models with a WWR of 60%
can achieve an acceptable DF when 3 horizontal windows and a greater number of windows are
used. (Daei Parizi, Nikpour, and Fallah 2025)

This study focuses on determining the optimal opening ratios inside classrooms according to
the different classroom guidelines, which achieve the necessary thermal comfort and
maximum benefit from natural lighting, which in turn reduces energy consumption.

3.3. Visual comfort

Academic achievement, student well-being, and educational facility energy efficiency are
all significantly impacted by visual comfort in the classroom. In order to improve visual
comfort, increase productivity, and lower operating costs, studies highlight the significance of
correct lighting design (Budhiyanto and Chiou 2024). Improved lighting quality, less glare, and
sufficient illumination levels for a range of learning activities may be achieved by employing
techniques such optimizing natural lighting, changing roller blinds and louvres, and installing
cutting-edge lighting control systems (Chi 2024)Research evaluating daylight performance in
classrooms has demonstrated that, even in historically significant educational buildings,
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architectural modifications and adherence to certain lighting standards may result in better
visual comfort and overall student satisfaction (Yunitsyna and Toska 2023)

3.4. Thermal comfort

The absence of efficient building designs and excessive energy use in school classrooms in
Egypt make thermal comfort a key concern. (Anber 2022) Research highlights the necessity for
using novel passive cooling techniques or energy-efficient cooling systems to regulate interior
temperatures and improve students' thermal comfort, as around 45% of classroom hours are
above the acceptable temperature range. (Hammad, Abdelkader, and Atef Faggal 2017b) The
objective is to enhance thermal comfort and minimize the cooling requirements in educational
buildings. The findings emphasize the need to implement sustainable and efficient measures to
establish thermally optimal interior conditions for children in Egyptian school buildings.
(Hammad, Abdelkader, and Atef Faggal 2017a)

3.5. Energy Consumption in Schools

Energy use in schools is a serious problem that has an impact on the environment and the
economy. According to research, air conditioning (AC) systems are the main energy users in
educational buildings, using more than 80% of the total energy consumed annually (Hossin and
AlShehhi 2024) Furthermore, the analysis of school buildings revealed that, on average, schools
use 15% more energy than anticipated, with actual energy consumption exceeding the
theoretical levels listed in energy performance certificates (EPC) (Sinakovics et al. 2024). These
findings underscore the need to address energy consumption in educational facilities for
sustainable development and the necessity of implementing energy-saving measures in schools
to cut costs, reduce greenhouse gas emissions, and enhance overall energy efficiency. The yearly
energy consumption of elementary schools in Egypt varies according to design, building time,
and thermal comfort techniques. According to research, the architecture of the buildings affects
how much energy is used in Egyptian elementary schools, and courtyard ratios have an effect
on both internal temperature and energy use (El-Samea, Hassan, and Abdallah
2020)Furthermore, the year of construction is important because buildings constructed between
1971 and 1990 had the highest energy consumption and CO2 emissions, underscoring the
possibility of saving energy through efficiency improvements (Nikolic and Skerlic 2020).In
addition, energy consumption models that take into account variables such as the quantity of
classes offer insights into the overall

3.5.1. Strategies for Reducing Energy Consumption in Schools

By understanding and implementing these strategies, educational institutions may achieve
substantial energy savings, contribute to global environmental goals, and provide a healthier and
more efficient learning environment for everyone involved as shown in Figure (3).

e Energy-Efficient Lighting: Energy-efficient lighting may help schools use less power.

Examples of such lighting include LED lights, motion sensors, and daylight harvesting
systems..(Patil and Tanavade 2024)
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e HVAC Systems: By utilizing energy-efficient heating, ventilation, and air conditioning
systems and carrying out periodic maintenance, energy efficiency may be raised and overall
consumption can be lowered. (Patil and Tanavade 2024)

e Insulation and Building Design: Investing in energy-efficient building materials and
superior insulation to maintain constant interior temperatures can reduce the need for heating
and cooling. (Al-Saadi et al. 2023)

e Sustainable Design Principles: It is possible to minimize energy usage and provide a
comfortable learning environment by using sustainable design features like energy-efficient
windows, passive solar architecture, and green roofs. (Kalpana and Kumar 2024)

Sustainable
Design Principles

Insulation and
Building Design

Energy-Efficient

Lighting HVAC Systems

Figure (3): shows Strategies for Reducing Energy Consumption in Schools
source: author

4. Case Study
4.1. Location:

The school is situated in Tanta, one of Egypt's largest cities. It is located close to the Alexandria
Agricultural Road the school is near other residential buildings.as shown in Figure( 4-5).

12:5PM

Figure (4): location of the school

Source: Google Maps Figure (5): location of the school

Source: Revit simulation

4.2. Description
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The classrooms are strategically located around various functional areas, with differing access
to outside landscape and the daylight based on their orientation. The design efficiently defines

classroom spaces from recreational and administrative facilities, ensuring convenient access to
outdoor and communal areas. as shown in Figure 6.

i Figure (6): ground ﬂqpr pla‘l‘nw(bl‘brahim ; __;L_u
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All windows are similar in size across the building’s different orientations, maintaining a
uniform rectangular shape despite the different orientations of the classrooms. The facades are
missing sun blockers and the classrooms rely only on curtains to reduce light. On the upper
floors, the classroom windows appear larger, allowing more natural light into the classrooms or

interior spaces. These windows are designed to enhance ventilation and create a bright learning
environment for the upper floors. as shown in Figure 7.

4.3. climate zone

Tanta is situated at an altitude of zero meters (0 feet) above sea level and has a Subtropical
desert climate, classified as BWh. The annual temperature of the district is 25.35°C (77.63°F),
which is 0.45% higher than the average temperature of Egypt. Tanta has an average annual
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precipitation of 3.2 millimetres (0.13 inches) and experiences rainfall on 9.95 days a year, which
accounts for 2.73% of the total period. As shown in Table 1

Table 1 shows the Climate Zone Characteristics (Khalil 2021)

lilzfléover Tanta experiences clear skies with minimal cloud cover during the summer
Solar Radiation High solar radiation is present throughout the year,
Average high Average low
Temperature Summer winter Summer winter
32°C to 36°C. 17°C to 21°C 20°C to 24°C 8°C to 12°C
Relative . I e
Tt Moderate to high throughout the year, with higher humidity in winter.
Rain Range Low overall, with most rain occurring in winter.
Wind Wheel Predominantly from the north and northwest in summer, with slightly higher wind speeds

and more variability in winter.

5. Evaluation and results of natural daylight (Revit Simulation)

The researcher extends outcomes of the natural daylighting in Revit to provide a thorough
analysis of the interplay between sunlight and the indoor areas of a school in the design of the
third floor. Revit has advanced daylighting simulation features to accurately model and predict
the performance of natural illumination in specific regions. This is achieved by taking into
account factors like solar radiation, sky cover, and the presence of shading devices. The study
examines different times of the day and seasons of the year to gain a comprehensive
understanding of how natural light will affect the structure during its entire existence. as shown
in Figure

Figure (8) shows how natural light will affect the structure during its entire existence source: author

Figure 8 shows the simulation results obtained through the utilization of the Insight plug-in
(Autodesk Revit 2024) for the purpose of analyzing the distribution of natural lighting. The
result of the analysis reveals a diverse dispersion of daylight across the structure, with certain
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regions perhaps experiencing excessive illumination (red zones) while others are insufficiently

illuminated (blue zones).

e Red Zones: represent spaces that are exposed to a substantial quantity of direct sunlight.
These areas may require intervention to mitigate discomfort caused by light or the
accumulation of heat.

e Spaces including Green Zones: The presence of green zones indicates that these spaces are
optimally illuminated by natural sunshine. These are optimal for most daytime activities, as
they decrease the need on artificial illumination.

e Blue zones: are designated locations that have inadequate daylight, often on gloomy days
or in the late afternoon.

5.1. Explanation of Day-light Analysis Results

the Lux values of daylight illuminance for all classrooms and spaces utilized for various
functions within the school building. The Daylight Illuminance levels varied from the highest
to the lowest.

Table (2) shows how different classrooms and labs within a building perform in terms of natural
light distribution. The table is structured to include various columns that assess the performance
of each room based on several daylighting criteria,

Table (1): Analysis of the amount of natural day-light in various classrooms from 9am to 3pm

«_InsightLighting Room Schedule>
Custom Analysis Whole Building Results: Tant3, Egypt
9/21 Sam: 51% & 9/21 3pm: 49% & both: 45% of points are between 150-3000 lux (14-279 fc)
Solar Values (W/m2): 9/21 9am GHI: 513, DNI: 659, DHI: 90 & 9/21 3pm GHI: 447, DNI: 615, DHI: 87
A | B | e [ | 3 | ¥ | e e ey Py ey P e ey e g Ry oy ey oy [y oy Py ) oy [y v P ey
9am threshald resuts 3pm threshald resuts Both threshold resuts
Include In Automated within threshold | above threshoid below threshold within threshoid above threshold below threshold within threshold
Level Name Nunber Aea Daytighting Shades % Mea | % wea 5 Aea 5 Ares s Ares & aes % Aea
2 100 ] 0 9im| 6 Tmi 8 8mi 81 s%m 3 Im| 16 7w 75 79m:
2 101 (] om0 om: 100 O [J om0 omi 100 @m0 om
Not Placed 102 O 4 | om| 4 om| om 1 om| om| om| om
Mot Placed 103 | a om| omi| om 1 om 4 = om:| A om:
L2 104 | 24| iim| 3 tmi 7 Bmi 18 7m0 7] 7T 3
L2 105 58 43 m* 0 4. 31 m 61 45 m 0 0 m’ 39 29 m 5
2 06 61 48 m Nmi 63 50m [ 0 37 2% m
L2 07 55 6 m* 30m* 56 7 0 0 <4 29 m*
@ 108 51 50 2w 6 ) 0 38 St
L2 109 56 43 m M4 m 56 0 0 44 34 m
L2 110 51 39 m* 38 m 56 2 0 oOm 44 34
L2 11 24 17 m 0 54 m* 43 30 m 8 6 m? 49 IS m
2 2 %0 26m |10 : [EO) 233w 7 w0 om:
2 13 (@] [ & ssmi 13 : omi 98 am [ om: 2 [
L2 14 - 0 om 0 " 121 o [ om o om’ 100 121 m*
L2 115 [) om0 : 121w ] om0 om:| 100 121m
2 116 58 Hm [ m @ 3 61 5m o 0 3% w57 3
2 L 59 @m0 om:| a1 0m 61 w0 om|_ 39 Mo 57 s
L2 18 60 44 m 0 om? 40 29 m* 61 45w 0 om 39 29 m* 58 42 mi
2 19 20 | 9m| 2 w78 %e 17 Bm 1 om| 82 Bw 15 T
2 120 CJ 76 e 6 am 18 ) sami 6 am 16m| 68 s1me
L2 121 O 8 | s 6 am 2 9m 66 om 6 am 29 2m| 6 5w
2 122 57 am o om @ um| 5 om0 om| @ a2m| 85 4w
2 123 0 19 | t4m 0 om 8t om| 2 5w 0 om| 7 Somi| 19 14m
2 124 O] ® | sim| 6 am| 2% e e am 8 ami| 28 2w 6 B
2 125 68 | sm| 6 am 26 wm &7 om 8 am| 27 20m 6 s6m
2 126 O 8 om 6 smi 12 Im 7 B 6 amt| 16 i2m| 7 sim
2 127 m| (] om0 om 100 B 0 om0 om 100 Bnm 0 om
2 128 51 w5 am w ne 2 nm! 0 om 7 s3m 23 17m
2 129 O 8 aam| s 2w 6 B @ 380 7 nm| 1 s2ms| 77 38w
2 130 O 95 Wm0 om s 2w 76 w2 sm| o omi| 71 7w
2 131 () 24m| 0 om 1om 77 wm 2 &m0 om: 48 16m
2 132 N Y ) om0 omi 7 Bw 2 smil 0 omi! 76 29m
2 133 CJ 100 om0 om0 Omi 100 om 0 om0 omi| 100 w0m
2 134 () 84 | dm 16 Tmt. 0 om' 100 am 0 om0 om:| 84 36m:
L2 135 O 23 167mi 1 om: 76 ss7mi 19 @m0 ami| 80 | sesmi| 18 128m°
[F] 182 ] 53 2w 0 om &7 0w 54 Bnm 0 om 4 9w 52 2m
2 183 O 0 | om 1 2m » nem| 22 om0 2w 7 nem| 20 s4m:
2 184 O [ om0 om: 100 0m 0 om0 omi 100 10w 0 om
2 185 2 | 3w o om 68 e 7 w0 om| 29 Im| ®m Im
L2 186 C) 29 10m* 1 om? 70 24m 29 10m 2 1m 9 24m 27 I m
2 187 B 23 sm| 2 Tmi 78 e 15 Smi 1 omi| 84 e N smi
2 188 O] [0 | @m o om0 om' 100 am 0 om0 om:| 100 am
2 189 C) 58 | am| s am 38 Wm 48 Bw 2 1w 81 am @ Nw
2 190 O 6 am| 6 am| 0 wmi 5 EX 2w 39 /w54 m
2 191 C) 7 1om 2 1m 8 am 1 7m0 om| 88 Simi 10 6mt
2 192 CJ 1 om| 2 1m & sm| 15 9m| 0 om:| 84 am 13 Tmi
2 193 Ol 100 | temt 0 om0 omi 100 om0 om0 omi 100 16m
2 194 Cl 100 68 m [ om [ om 8 7w 17 2w [) om:| 8 57mt
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Yellow rows: highlights classrooms with a low percentage of daylight with different
orientations. these classrooms suffer from poor illumination, necessitating a greater
dependence on artificial lighting. As an illustration, when a space exhibits a 60% value
below the established threshold, it signifies that a substantial proportion of the room is not
being adequately illuminated by natural light. This insufficiency might be attributed to
inadequate positioning of windows, insufficient room depth, or obstacles.

Red rows: highlights the classroom with the highest percentage of natural light, (room
113)recording the highest percentage among the other classrooms. As shown in Figure 9,
Excessive exposure to direct sunlight in certain spaces may result in over-illumination or
glare, necessitating the implementation of supplementary shade or design modifications.

No rooms in this set exhibit a moderate percentage. these rooms possess a significant
fraction of their surface area that is exposed to ideal daylight levels. This suggests that they
are adequately illuminated by natural light throughout the designated periods of 9 am and 3
pm. As an illustration, a room exhibiting an 85% occupancy rate would display a majority
of its surface area being sufficiently illuminated.

5.2. Simulation of Selected Classroom (Room 113)

Room 113 is a medium-sized as shown in Figure 9, rectangular classroom with a capacity of
approximately 25 students. Desks are arranged in traditional rows and columns. Natural light
enters through two large windows on the left wall, the facades are missing sun blockers, and the
classrooms depend solely on curtains for controlling light. as shown in Figure 10

|
Figure (9): room numbering Figure (10): classroom. real. shot
Source: (Ibrahim and Abdul Rahman 2018) Source: researchers site visit

5.2.1. Window-to-Wall Ratio of Selected Classroom

Window-to-Wall Ratio represents 80% of the total wall area as shown in (Figure 11 -12),

Which will directly affect the amount of natural lighting and thermal and visual comfort inside
the classroom.
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—

Figure (11): Floor Plan of Classroom 113 Figure (12): classroom interior shot
Source: Revit Source: Revit

5.2.2. Day-light Analysis of Selected Classroom

The simulation demonstrated that Long-term exposure to direct sunlight in specific
areas leads to over-illumination and glare, hence requiring the incorporation of additional
shading or modification of windows design. as shown in According to the figure, the room is
well-lit, particularly in the areas closest to the windows, and the light intensity steadily decreases
with distance from the light source. (Figure 13)

Figure (13): daylight and glare simulation of Room 113
Source: Revit simulation

6. Results And Discussion

6.1 Analysis The daylight in the classroom

In the Table (4) illustrates the impact of different window-to-wall ratios (WWR) on overall
daylight entry in the classroom. The research demonstrates the effect of horizontal and vertical
window locations on the distribution and intensity of daylight. Each column in the table
represents a different WWR percentage (from 30% to 90%), and the colour gradient inside each
cell signifies the intensity of daylight, with blue denoting low light levels and red indicating
greater light levels.
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The window ratios applied differently in horizontal and vertical forms are shown in this table
(3); a higher percentage denotes a bigger proportion of windows and provides a visual
comparison of window-wall ratio in both horizontal and vertical orientations, ranging from 30%
to 90 .

Table (3): The different window-wall ratio applied in the case study in horizontal and vertical

forms
Horizontal Vertical

» |
e
= | m
.
=
=
@)
Q |
Z m
= 70%

80% I I I

90% ‘ ‘ ‘
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Table (4): Daylight simulation of different window-wall ratio applied in the case study

Horizontal Vertical
30% .
‘w
I :
40%

- .

I .

50% s

- 1

z '
—
—~
<
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70% N
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90% o | ' s
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30% window-wall ratio

The classroom has limited light penetration, since just 30% of the wall is horizontally
windowed, leading to a dim atmosphere, with most areas remaining in low vertical light levels.

40% window-wall ratio

The horizontal light distribution in the space enhances, allowing more sunshine to penetrate
neighboring sections, but yet preserving substantial blue zones.

50% window-wall ratio

The ratios of horizontal and vertical light enhance light dispersion, diminishing dark blue
regions and augmenting green areas, while both central and remote zones get more sunshine.

60% window-wall ratio

Horizontal light dispersion enhances green zones and diminishes dark blue areas, whereas
central and distant regions receive more sunshine than those with lower ratios.

70% window-wall ratio

The classroom is well-lit horizontally, with green and yellow areas dominating, indicating a
balance of natural light. Vertically, the room becomes brighter with an even distribution of light,
enhancing the daylight environment.

80% window-wall ratio

The classroom is well-lit with abundant daylight; nevertheless, the intensity near the window
may induce glare or overheating, and the vertical orientation may lead to discomfort

90% window-wall ratio

The classroom's horizontal configuration, characterized by predominantly windowed walls,
offers abundant sunshine and a broad spectrum of green, yellow, and red zones, albeit it may be
too luminous adjacent to the window.

Lower Ratios (30-50%) provide limited daylight penetration, middle Ratios (60-70%) offer
balanced illumination, and higher Ratios (80-90%) offer very bright rooms with wide
distribution but the potential for excessive brightness, glare, and heat gain.

6.2. Thermal Comfort Analysis of Selected Classroom

By Comparing the thermal comfort inside the selected Classroom Figure 11 uses different
window-wall ratio as follows in Table( 5-6)
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Table 5: the PMV values for the corresponding months of the year across different window-
wall ratio

WINDOW RATIOS
30% 40% 50% 60% 70% 80% 90%
H A\ H v H A\ H \% H A\ H v H A\
JAN -0.46 -0.48 -0.44 -0.45 -0.41 -0.42 -0.37 -0.39 -0.33 -0.33 -0.30 -0.33 -0.26 -0.30
FEB -0.05 -0.06 -0.03 -0.03 0.01 -0.00 0.05 0.03 0.09 0.09 0.12 0.09 0.17 0.13
MAR 0.37 0.36 0.39 0.38 0.41 0.40 0.44 0.42 0.47 0.47 0.49 0.47 0.53 0.50
APR 0.77 0.76 0.79 0.78 0.81 0.80 0.84 0.82 0.87 0.87 0.89 0.87 0.93 0.90
>
= MAY 1.76 1.76 1.77 1.77 1.79 1.79 1.81 1.80 1.83 1.83 1.85 1.84 1.87 1.86
o
JUNE 2.62 2.62 2.63 2.63 2.65 2.65 2.67 2.67 2.69 2.70 2.70 2.70 2.73 2.72
JULY 2.50 2.50 2.52 2.52 2.53 2.53 2.55 2.55 2.57 2.58 2.58 2.58 2.61 2.59
AUG 2.81 2.80 2.83 2.82 2.85 2.84 2.87 2.86 2.89 2.89 2.91 2.89 2.94 291
SEPT 2.17 2.15 2.19 2.18 2.22 2.20 2.26 2.23 2.29 2.29 2.32 2.29 2.36 2.32
OCT 1.62 1.60 1.64 1.62 1.67 1.65 1.70 1.68 1.73 1.73 1.76 1.73 1.80 1.76
NOV 0.60 0.58 0.62 0.61 0.65 0.64 0.68 0.67 0.72 0.73 0.75 0.73 0.80 0.76
DEC -0.39 -0.40 -0.37 -0.37 -0.33 -0.34 -0.30 -0.31 -0.26 -0.25 -0.23 -0.25 -0.18 -0.22

Table 6: The thermal comfort of window-wall ratio applied differently in horizontal and vertical

forms
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Thermal neutrality is shown by a PMV value that is near to 0, and discomfort is indicated
by values that are farther from 0. High summertime PMV readings in this table, particularly
for larger window-wall ratio (e.g., 70% and above), suggest possible discomfort from the
heat.In contrast, wintertime PMV readings (-0.48 to almost 0) suggest a more neutral or
slightly cold thermal comfort that might be either pleasant or slightly uncomfortable.

In all months, the PMV values usually rise with increasing window-wall ratio (from 30% to
90%), suggesting higher interior temperatures or greater thermal comfort. Both horizontal
and vertical orientations will have the same effect.

June shows a peak in the PMV of 2.72-2.73 at a 90% window-wall ratio, up from 2.62 for
both H and V at a 30% window-wall ratio. Larger window spaces may boost indoor
temperature, according to this trend, perhaps because they let in more sunlight.

Consistent with the seasonal variations in outside temperatures, the PMV reaches its lowest
point in January, February, and December and reaches its highest point in June, July, and
August during the summer months.

August 1s when PMV increases the highest, rising from moderate levels of 0.77-0.84 in
April to high levels of 2.85-2.94 in August. This indicates the influence of window ratios
and summertime solar exposure.

Spring and Fall Months (March, April, May, September, October): A 50—60% window-wall
ratio provides a balance with PMV values around 0.3 to 1.8, which aligns well with moderate
thermal comfort
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6.3. Energy Consumption Analysis of Selected Classroom

Four stages of evaluation were used for the analysis of the following simulations. The
analyses were conducted using the design-builder software. a simulation of energy consumption.
To find the cases that created the best energy consumption performed for the different
parameters, the classroom was evaluated with 80%. Horizontal window-wall ratio as shown in

Figure (14)

nztee
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]
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15000

<
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50

g

Internal Gains + solar - 80%
1 Jan - 31 Dec, Monthly

Ly

|

o]

Licensed

10000
LB
10000 |
9500
%000
£
Z s
2 000
3
8 750
3
7000
6500
Month 2002 Feb Mar Apr
General Lighting (kWh) | 212165 183660 228646 280039 350112 304111 301418 268977 197308 245170 224120 173473
Computer « Equip (kWh) | 236639 216272 226457 226214 247548 209487 210458 210458 202041 247548 237123 212639
Occupancy (kWh) | 201189 124435 106856 57888 59566 21240 18466 19244 30123 51961 112856 185384
Solar Gains Exterior Windows (kWh) | 11897 27 1201074 985687 754366 457440 369033 303095 314957 537507 1134506 11611.70 1093263
Zone Sensible Heating (kWh) | 1758307 13744 14 773034 423106 319562 70225 10597 8561 28810 118508 403511 1234951
Zone Sensible Cooling (kWh) | 428056 451774 .566572 -644915 .749864 828719 .BG66813 927863 .B35140 .725497 .543980 485739
Total Latent Load (kWh) | 6457 02 622821 781549 751640 799779 B75468 1011088 1010309 912251 807384 709127 740384

Figure (14): energy consumption simulation of Room 113
Source: Design builder simulation

According to the results, the summer months are when the overall amount of energy used peaks,
especially in July and August. January and December had the lowest energy usage.

The maximum consumption in the class room by using 80% Horizontal window-wall ratio in
July in summer is about Y+ Y0.88 kWh

According to previous results for lighting and thermal comfort within the classroom the 60%-
70% vertical window-wall ratio optimal for maximizing daylight while maintaining a balanced
and comfortable thermal inside classroom, the energy consumption was compared with this
window-wall ratio to prove the best energy consumption as shown in Table 7.
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Table 7: The energy consumtion of window-wall ratio (60-70-80) applied differently vertical forms

Energy Consumption
W [otal Latent Load (WWh ]
10000
9500 |
9000
§ 8500 |
=
S 8000 -
E 0
H |
60% 7000 -
6500 |
6000 -1
2002 Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
General Lighting (kWh) | 269756 239307 286747 319049 378227 328589 330970 309408 255463 305277 280306 227920
Computer + Equip (kWh) | 2366.39 216272 226457 226214 247548 209487 210458 210458 202941 247548 237123 212639
Occupancy (kWh) | 222471 134557 116359 61070 60267 21428 18677 19563 31483 56587 121770 2072.02
Solar Gains Exterior Windows (kWh) | 8506.38 864430 706625 542437 330104 268084 220747 228466 386488 812648 836004 790956
Zone Sensible Heating (kWh) [1778822 1384905 779339 420262 319263 69795 9949 7864 27360 119440 404404 1249320
Zone Sensible Cooling (kWh) | -4057 29 -4297 47 -549549 -6341.08 -744561 -824701 -862024 -920625 -8210.00 -703789 -521690 -459785
Total Latent Load (kWh) | 624420 612700 772046 748458 7990.78 875279 10108.76 1009991 910890 802758 700212 718565
[N fotal Latent Load (kWh
3
2
3
E
5
70%
Mar Apr May Jun Jul Aug Sep Oct Nov Dec
General Lighting (kWh) | 222685 192424 242591 289759 357550 310618 309101 279067 211260 258046 234607 182345
Computer + Equip (kWh) | 236639 216272 226457 226214 247548 209487 210458 210458 202941 247548 237123 212639
Occupancy (kWh) [ 207997 128189 109961 59216 59640 21180 18410 19240 30386 54617 115936 1916.00
Solar Gains Exterior Windows (kWh) [11191.98 1136896 927496 709808 430448 347295 285254 296397 505758 10680.16 1100887 1041168
Zone Sensible Heating (kWh) (1766078 1374125 774072 417932 317710 695.01 99.32 78.37 27160 118352 400653 12321.00
Zone Sensible Cooling (kWh) |-4204 16 -4439.38 -5610.09 -6408.17 -748646 -828294 -866925 -927446 -832209 -7174.17 -536783 -477742
Total Latent Load (kWh) | 638893 619067 778444 750312 799705 875527 1011144 1010313 911987 804728 706046 734168
Ml fotal Latent Load (KWh]
10000
9500 -
9000
2 w500
B
2 8000
€
5 7500
3
7000 -
80%
6500 -{
6000
2002 Feb Mar Aug Sep
General Lighting (kWh) | 232800 201575 253991 297776 363875 316145 315552 287375 222527 269512 245135 191371
Computer + Equip (kWh) | 2366.39 216272 226457 226214 247548 209487 210458 210458 202941 247548 237123 212639
Occupancy (kWh) [ 207321 127830 109576 50075 59570 21177 18422 19247 30365 54501 115625 191015
Solar Gains Exterior Windows (kWh) (11177.77 1135266 925492 707481 428443 344877 283002 294489 504106 1066203 10993.85 10401.01
Zone Sensible Heating (kWh) [17658.92 1373979 774135 418025 317750 69514 9940 7843 27171 118373 400624 1232204
Zone Sensible Cooling (kWh) (421035 -444523 -561712 -641284 -748009 -828577 -867253 -927903 -832872 -718182 -537465 -478292
Total Latent Load (kWh) | 639569 619426 778820 750453 7997.75 875531 10111.32 1010306 912008 804844 706357 734752

e According to the results The total energy load remains high in the summer months (July and
August) for all window-to-wall ratios

e January consistently has the lowest energy consumption across all different window-to-wall
ratios.

e V0% vertical window-wall ratio and A0% vertical window-wall ratio have nearly identical
energy loads throughout the year, with slightly lower peaks in July and August compared to
10% vertical window-wall ratio

e The maximum energy consumption in the class room by using¥0% vertical window-wall

ratio in July in summer is about Y+ YY), £¢ kWh,
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the lowest energy consumption in the class room by using 60% vertical window-wall ratio
in January is about 62¢£.02 kWh

7. Conclusion

Throughout the year, a 50% window-wall ratio emerges as the most equitable choice. It
sustains modest PMV levels across all seasons:
During winter, temperatures remain at acceptable levels without becoming excessively
chilly.

During summer, it mitigates overheating relative to elevated window ratios.
During transitional months (spring and autumn), it offers optimal comfort.

Winter Months (January, February, November, December): The PMV values are around -
0.4 to 0.6, indicating relatively comfortable conditions for most window ratios for a more
balanced comfort in these months, a 70% window-wall ratio appears optimal as the PMV
stays close to 0.0-0.1, providing a slightly warm comfort without feeling too cold

The 50% window-wall ratio is considered to be the most effective option for attaining
maximum thermal comfort throughout the year in both horizontal and vertical orientations.
A window-to-wall ratio (WWR) of 60-70% is excellent for both horizontal and vertical
orientations since it optimizes sunshine while minimizing glare and preventing substantial
regions of high intensity (red zones).

A 60% window-wall ratio strikes a good balance between bringing in sufficient daylight and
distributing it evenly throughout the room.

The horizontal orientation at this ratio shows better daylight penetration and more uniform
distribution across the room compared to the vertical orientation, which tends to concentrate
light near the window.

Therefore, the 60% vertical and 70% vertical window-wall ratio is optimal for maximizing
daylight while maintaining a balanced and comfortable interior light level.

The window-to-wall ratio (WWR) of 80%, which was adopted in the design of the
separation, is not good in horizontal orientation, but in the separate vertical orientation, it
improves the brightness of the sun while reducing glare and preventing large areas of high
density (red zones). The ratio can be adopted in the vertical case but with the addition of
solar breakers.

The research concluded that the classroom with the best thermal performance in all study
samples and the lowest energy consumption is the room and daylight while maintaining a
balanced with a 60% window-wall ratio
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