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Abstract  Although natural ventilation can greatly 
affect indoor heat and energy use, little is known about 
how opening windows for natural ventilation affects 
indoor thermal conditions, especially in hot dry climates. 
During the pre-design phase of a school building, it is 
critical to consider the environmental response to the 
design of the interior space. This paper examines the 
impact of utilizing natural ventilation through windows on 
the temperature regulation of classrooms within a school 
located in a hot and arid climate. Temperature data 
loggers were installed in four classrooms that were 
oriented in the main directions. After that, a calibration 
was made between the real data and simulation data. All 
four classes took part in the simulation process throughout 
the year and the windows were opened and closed. Due to 
the hot climate in the Qassim region, the windows are 
only opened during study periods when the indoor 
temperature is higher than the outdoor temperature. Field 
data results show that creating a friendly environment 
inside a building is influenced by factors including wall 
exposure, window size and orientation. Regarding the 
simulation, the temperature effect can be significantly 
affected by natural ventilation in the four classes. Results 
indicate that from late November until early April, the 
indoor temperature was still below the upper limit of 
acceptable indoor temperatures recommended by 
ASHRAE, 27°C, and thus, achieved 20% occupancy 
dissatisfaction. In contrast, from April until late 

November, the indoor temperature increased. 

Keywords  Indoor Thermal Performance, 
Temperature Effect, Natural Ventilation, Arid Climate, 
School Buildings 

1. Introduction
In school buildings, students spend the majority of their 

time in classrooms, where the primary focus is on learning 
and academic development. It is important that the indoor 
environment is comfortable for the students, and in 
Qassim, where the climate is hot, opening windows 
during lower outdoor temperatures is a way to achieve 
this comfort. The temperature inside the classroom has a 
significant impact on the health and performance of 
students. Research has shown that temperatures effect 
leads to improved learning outcomes [1]. A high indoor 
temperature can lead to headaches and chest tightening, 
affecting students' focus [2]. Standardized thermal 
comfort environments have been established in the 
education sector. ASHRAE standard 55, ISO Standard 
7730, and EN15251/2007 are among them. 

Several studies, such as [3],[4] and [5], have stated that 
the indoor thermal performance of building is affected by 
many parameters. During the early design stage, designers 
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must take into consideration the influences that affect the 
building, which are based on the design parameters. 

Kindangen et al. [6] determined that installing 
photovoltaic panels on glazed windows as a shading 
system is a passive cooling strategy that can be utilized in 
buildings to improve the internal thermal environment. It 
is also worth mentioning that the system can be used to 
generate renewable energy that can be employed for 
indoor consumption in addition to these benefits. 

Tamiami Fachrudin et al. [7] have highlighted that 
achieving better indoor air quality, air conditioning 
systems should be integrated with natural ventilation 
methods. There are a number of ways in which occupants 
can control their comfort level and protect their health. 

Netam et al. [8] conclude that, during nighttime in 
summer, lower outside temperatures reduce room 
temperatures, but don't provide thermal comfort because 
they are not uniform. According to Khaleel et al. [9], the 
location of the exhaust openings significantly influences 
indoor thermal environments of occupant’s thermal 
feeling and their thermal comfort levels. 

Barbhuiya & Barbhuiya [10] examined the impact of a 
ventilation strategy on energy consumption and thermal 
comfort in a UK educational building. Data was collected 
and analyzed to assess trends in thermal and visual 
comfort, and simulations were used to compare energy 
reduction. Results showed that the ground floor offices 
had low indoor temperatures and insufficient lighting, and 
thermal comfort was not met during occupied hours in the 
winter in three second-floor offices. Recommendations to 
improve energy efficiency included better integration of 
the building entrance with interior spaces and using 
dimming profiles for lighting control. 

Riham Jaber et al. [11] have studied the effects of 
classroom temperature and CO2 concentration on 
cognitive performance in 499 adult female students in 
Saudi Arabia, by utilizing a multi-dimensional method. 
The study found significant associations between 
cognitive test results, temperature and CO2 levels in the 
classrooms, after adjusting for other factors such as 
radiant temperature, humidity, velocity of air and clothing 
indexed. 

Alama [12] have conducted a review of research on 
interior air quality in education buildings in Saudi Arabia 
over the past 25 years. The study examined various IAQ 
indices from different sources to gain a comprehensive 
understanding of the issue. The review has found that 
there were limited studies in this area and identified 
pollution risks and gaps in previous research. Using 
PRISMA guidelines, 17 studies have been selected for the 
review. The study has found that CO2 concentrations level 
and some internal air pollutants in classrooms were 
expressively higher than recommended levels, posing 
health risks and bacterial contamination due to poor air 
conditioning and ventilation systems. The paper has 
recommended implementing guidelines to enhance the 

indoor environmental conditions in classrooms to reduce 
negative impacts on occupants. 

Almhafdy [13] evaluated the temperature regulation of 
residential spaces in a hot and dry climate by using 
temperature monitoring devices in a duplex house. The 
findings suggested that spaces facing south and west 
should be avoided or used seasonally, and alternatives 
spaces for seasonal use were recommended. The research 
also found that the surrounding environment can greatly 
affect indoor temperature, and it was suggested that by 
focusing on the hottest spaces and using appropriate 
U-values for the house's envelope, it is possible to 
improve thermal performance. 

Saudi Arabia is witnessing rapid development at all 
levels and keen to spread science and knowledge. 
Moreover, the population grew, the number of students 
and schools increased. Therefore, it will increase energy 
consumption in government buildings, especially in 
schools, where the school buildings in Saudi Arabia, are 
one of the highest numbers of government buildings. 
Saudi Arabia has a total of 43,017 schools, including 
35,491 government schools, with a total of 5,730,910 
students enrolled and 428,834 teachers employed. There 
are 2,862 schools in Qassim, of which 2,620 of them are 
government schools. There are 270,351 students in these 
schools, and there are 26,978 teachers in them [14][15]. 

Barrett et al. [16] tested a set of hypotheses using data 
on 751 students from 34 classrooms in seven school 
buildings. This study found obvious influences of the 
physical environment of a school's building on the 
progress of learning in reading, writing, and mathematics. 
In addition, in other studies with his team's [17] to find 
out there are impacts of education based environmental 
design provides evidence that physical features of schools 
affect the progress of learning. Moreover, the geometric 
design, temperature, lighting, sound, and connectivity of 
an internal physical environment have significant effects 
on the cognitive and emotional functioning of humans, 
including memory, attention, and perception [18]. 

In Saudi Arabia, several school buildings are equipped 
with mechanical equipment for cooling. As a result, these 
schools are among the largest consumers of energy during 
peak hours [19]. In addition, the air conditioners play a 
significant role in providing a comfortable environment 
for students in arid climates, the percentage of energy 
consumed by HVAC may reach 69% of the total energy 
consumed by case study [20]. 

Conducting an environmental assessment of school 
spaces in regions with harsh climates, like the Qassim 
region in Saudi Arabia, is critical in order to ensure that 
the buildings are healthy and comfortable for students and 
staff. The assessment should take into account factors 
such as temperature, humidity and air quality. 
Additionally, the assessment should consider the potential 
impact of the school's operations on the surrounding 
environment and the local community. By considering 



1426  Evaluating the Impact of Natural Ventilation on Indoor Thermal Conditions in Hot and Arid Climate School Buildings 

these factors, schools can make the necessary changes and 
improvements to create optimal learning environments. 
The total energy consumption in government buildings for 
2018 was 43,909 GW/h which represents 14.6% of the 
total energy consumption 299,188 GW/h (Table 1). The 
consumption rate is expected to rise annually in the 
coming years by between 5% and 8% [21]. 

Table 1.  Energy Consumption in Saudi Arabia [22]. 

Groups Consumption in 2018 

Government 
(Including schools) 

14.6 % 

Commercial 15.6 % 

Residential 43.5 % 

Industrial 19.4 % 

Other 6.6 % 

Saudi Arabia is located in one of the hottest regions in 
the world during the summer due to its geographical 
location, daytime hours, and the amount of solar radiation 
that increases in the central region (Figure 1). In Qassim 
region, the average temperature is 24.3 °C. Temperatures 
effect in the summer is high, with an average of about 
33.4 °C, and August is the hottest month of the year, with 
an average maximum temperature of 41.8 °C, and the 
temperature can reach 50 °C in the summer. January is the 
coolest month in winter, with an average temperature of 
12.4 °C. In winter, it is possible for the temperature to 
reach 0 °C (Figure 2) [23]. 

This study performs on-site measurements and 
computer simulations for evaluating the temperature of 

existing classrooms in schools located in the Qassim 
region of Saudi Arabia. Architects and designers will be 
able to understand how environmentally responsive 
design should be applied to indoor classrooms. 

Figure 1.  The average annual temperature of Saudi Arabia [24].

2. Methodology
As a numerical examination of 24 hours on a typical 

hot day on 26th July 2022, ongoing thermal measurements 
were conducted to study the indoor thermal behavior of 
classrooms in school buildings in a hot arid climate like 
Qassim region. This was followed by numerical analysis 
using simulation software (Figure 3). The details of the 
steps and procedures are described in the following 
sections. 

Figure 2.  The temperature in the Qassim region throughout the year. 
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Figure 3.  Flowchart of the methodology 

2.1. The Case Study 

The high school building located in Al-bukayriyah city 
at Qassim region (Figure 4) belongs to the Department of 
Education with 3 stories including classrooms, 
laboratories, offices, and an activities hall. It was built 
based on prototype designs by the Tatweer Company of 
the Ministry of Education. It was completed in 2016. The 
study case was chosen based on several factors, including: 
i. School buildings are among the most popular

government buildings.
ii. The case study is a new prototype school building

design by TBC company.
iii. It is possible to collect information, including during

summer, without any adverse effects and without
operating the air-conditioning equipment.

Figure 4.  The school building in Al-bukayriyah city at Qassim region 

2.2. Equipment and Software Used 

As part of the validation process for the simulation 
model and to assess the building performance in terms of 
indoor air temperature, field measurements were 
conducted as seen in (Figure 5). The measuring 
instruments were selected from HOBO device. 

Figure 5.  HOBO device use for data collection. 

2.3. Data Collection 

In order to examine the thermal performance of school 
buildings in four classrooms in north, east, west, and 
south as seen in (Figure 6). The air temperature 
measurements were conducted during 24 hours in the 
center of the classrooms at a height of 1 m from the floor 
according to the ASHRAE-55-2010 standard [25]. 

The measurements were carried out on 26th July 2021 
to 27 July 2022 whilst no students were present. This 
period considered the hottest of the school year in Qassim 
region. The air conditioning systems were turned off, and 
all doors and windows were closed. 

Figure 6.  First floor plan of school showing the location of HOBO data 
logger 
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2.4. Field Observation and Data Analysis 

After collecting the data from the case study as seen in 
(Table 2) and indoor temperature data from HOBO device 
(Figure 7), the data were transferred into the computer in 
the form of Microsoft Excel. The data collected were 
graphed out and analyzed according to the research 
objectives 

2.5. Simulation Process 

A comprehensive software program for processing 
environmental numerical data is the Integrated 
Environmental Solution Virtual Environment (IESVE). 
Using simulation analysis, it is possible to measure the 
performance of a building by gradually modifying specific 
design elements in the building. The baseline model is 
designed based on case study (Figure 8). 

In the VE suite, the APACHE function is used to 
perform the thermal calculation by utilizing the weather 
data input from a selected location to calculate the 
temperature. The simulation was conducted using 
ASHRAE's design weather data, which is called 
"2020_ASHRAE_1B_ VERYHOT_ DRY.epw", along 

with the IESVE software program, which can easily be 
linked to the weather data to perform the simulation. 

Figure 8.  The baseline model using by IESVE. 

On the other hand, a calibration procedure was 
conducted prior to the simulation analysis of the field 
measurements to be able to compare the simulation results 
with the field measurements. In order to validate the 
software, accuracy differences were tested to check the 
accuracy level of the simulation software. 

Table 2.  Case study details and data logger locations 

Floors Spaces 
Dimensions 

Area (m2) 
External Walls (m2) 

WWR % 
Length (m) Width (m) N E S W 

First floor 

South classroom 
West classroom 
North classroom 
East classroom 

7.00 
7.00 
8.60 
7.80 

7.00 
7.00 
7.00 
7.40 

49.00 
49.00 
60.20 
57.72 

36.1 
- 
- 
- 

- 
32.3 

- 
- 

- 
- 

29.4 
- 

- 
- 
- 

29.4 

9 
10 
11 
11 

Figure 7.  data from the case study by HOBO device 
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The simulation results were presented in the indoor air 
temperature and occupancy dissatisfied. Based on whole 
year data results (Figure 9), typical coolest month (January) 
and hottest month (August) for all the specified indoor 
spaces in both conditions, naturally ventilated and none 
ventilated. The ventilation approach utilized in this 
simulation considered opening windows only. There is no 
active system involved in this study. 

3. Findings

3.1. Field Measurement Results 

The readings for the eastern façade of the classroom 
showed (Figure 10) at 12:00 am that the temperature was 
41.50°C, At 5:00 a.m., the temperature reached 41.16°C, 
which was the lowest temperature of the period., After that, 
the temperature increased rapidly, reaching a maximum of 
43.65°C at 9:00 a.m., The air temperature gradually 
decreased until it reached 41.71°C at 11:00 pm at the end of 
the day. 

Figure 9.  Summary of Qassim region weather data by ASHREA source: IESVE 
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Figure 10.  The indoor air temperature of eastern façade. 

Figure 11.  The indoor air temperature of southern façade. 

According to (Figure 11) Data for the southern façade of 
the classroom, it indicates that the temperature at the 
beginning of the day at 12:00 am was 40.83 °C, after which 
it gradually decreased to reach the lowest temperature at 
6:00 am, when the temperature was 40.51 °C, after which 
the temperatures began to rise to reach the maximum 
temperature during the day, at 3:00 PM when 42.19 °C was 
reached, and after 6:00 PM, the temperatures began to 
gradually decrease until they reached 40.99 °C at 11:00 pm 
at the end of the day. 

For the western façade (Figure 12) showed they are 
affected by sunrises and sunsets. The readings showed that 
the classroom temperature at the beginning of the day was 
42.24 °C at 12:00 a.m., then gradually decreased until it 
reached its lowest degree during the period of 41.53 °C at 
6:00 am, After that, the temperature increases to achieve 
the highest temperature during the day at 44.36 °C at 5:00 
pm. It was at this degree that the building's highest 
temperature was recorded. In the following hours, the 
temperature decreased rapidly, then gradually to 42.45 °C 
at 11:00 p.m. 

The classroom temperature value of the north façade 
(Figure 13) at the beginning of the day at 12:00 am was 
40.63 °C. The temperature gradually decreased to reach 
40.26 °C at 5:00 am, and subsequently started to rise to 
reach 41.58 °C at 3:00 pm, the highest temperature during 
the period in the north façade. In the following hours, the 
temperature gradually decreased to reach 40.68°C at 11:00 
p.m. at the end of the day. 

Based on the results aforementioned, sunrises and 
sunsets have significant effects on the temperature inside 
school buildings in four distinct directions. In both 
northern and southern directions, the internal temperatures 
of the classrooms have been observed to have a similar rate, 
as the temperatures drop during the night and increase 
gradually throughout the day. 

It is noted that there are two peaks of the internal air 
temperature in the study case at the time of sunrise and at 
the time of sunset, and the focus will be on the sunrise 
period, as it is the operating period of the school building 
from 6 am to 2 pm as in (Table 3) and (Figure 14). 
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Figure 12.  The indoor air temperature of western façade. 

Figure 13.  The indoor air temperature of northern façade. 

Figure 14.  The operating period of school building (case study) and the data of indoor air temperature.
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Table 3.  School time schedule for governmental School time schedule 
for governmental 

Administratorsand teachers students 

Start time 6:00 am 7:00 am 

End time 2:00 pm 1:10 pm 

The east-facing spaces had a large exterior-facing area 
of 32.3 m2, as they received a large amount of external heat 
during the beginning of the building’s operating period, on 
the other hand, the other facades (south and west) have a 
small wall area of 29.4 m2 for both, where the air 
temperature begins to rise directly in relation to the 
building's operation periods. On the northern facade, it is 
noted that it has the largest area of 36.1 m2 and the least 
exposure to external heat. 

north facade (9%), the highest in the eastern facade 
(10%), and the lowest in the southern and western façade 
(11%, as they seem to have unrelated and studied 

proportions) in the eastern facade (10%), and the lowest in 
the southern and western. 

3.2. Results of the Calibration Process 

Figure 15 shows the interior air temperature of school 
building. In a field measurement as measured by the 
HOBO logger device and simulated model by IESVE. The 
curves for the field measurements and the simulation result 
were convergent, increasing at the beginning of the day and 
decreasing at the end of day in all directions. 

A scatter plot depicts the relationship of interior air 
temperature between the simulated model and the 
collected field measurements in (Figure 16). As displayed, 
a positive correlation coefficient of (R² = 0.91) as 
observed when comparing the simulated model by IESVE 
and field measurements. 

Figure 15.  The interior air temperature of a field measurements and simulated model. 

Figure 16.  The correlation coefficient when comparing the simulated model and field measurements 
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3.3. Results of Simulation Scenarios 
As mentioned in the methodology, the simulation was 

performed during the whole year. Figure 17 illustrates how 
natural ventilation can affect the indoor thermal 
temperature of the classes in all directions of the school 
building. Although the ventilation system was programed 
to be operated during working hours only (6:00 am-2:00pm) 
where the outdoor temperature is less than the indoor 
temperature, there is a significant reduction in the indoor 
temperature in all the spaces. 

The indoor thermal temperature can be seen in (Figure 
18). It is obvious that the natural ventilation has a great 
effect on the indoor condition, however, January and 
August are the coolest and hottest months of the year. 
Figure 18 (a), shows that from end of November until 
beginning of April indoor temperature is still below the 
upper acceptable range of indoor temperature 
recommended by ASHRAE, 27°C. Besides, there is a clear 

drop of the indoor temperature in January below the 
minimum acceptable degree (18°C) which may need a 
heating demand or further control of the natural ventilation 
system during this month. In addition, the indoor 
temperature in all classes from beginning of April until end 
of November increases beyond the acceptable range (27°C) 
recommended by ASHRAE. Moreover, it is obvious from 
the diagram, Figure 18 (a), that August in the hottest month 
and the cooling demand for such a condition will be 
significant. On the other hand, looking into Figure 18 (b), 
the natural ventilation has a significant effect on the indoor 
temperature in all the classes. The indoor temperature 
fluctuated more with ventilation in the whole year given, 
particularly, during the working hours which will 
meaningfully decrease the cooling demand. However, the 
drop in indoor temperature in January and December is 
increased and this will need a careful modification to the 
natural ventilation operation system. 

Figure 17.  Indoor thermal performance of the selected spaces with and without natural ventilation. 
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Figure 18.  Indoor temperature for all classes with and without natural ventilation (a) and (b) during the whole year 
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Figure 19.  Indoor temperature for all classes with and without natural ventilation during the coolest month (January) 

Figure 20.  Indoor temperature for all classes with and without natural ventilation during the hottest month (August) 

Looking at Figure 19, during January, which is the 
coldest of the year, the indoor temperatures inside the 
classes are below 18 degrees, except for the class facing the 
south direction. This is due to the winter sun that rises in 
the southeast, moves through a low angle of the celestial 
meridian in the south, and sets in the southwest. There is a 
noticeable gradual rise in the indoor temperatures after the 
25th day, as all areas of the classes record an indoor 
temperature above 18°C as highlighted with blue threshold 
(Figure 18, a). 

Besides, since the ventilation system was allowed when 
outdoor temperature is bigger than the indoor, Figure 19 (b) 
shows the indoor temperature with natural ventilation. It is 
clear that the conditions in all spaces become cooler than 
the condition without natural ventilation except for few 
days, and particularly, the south class space. Although, 
natural ventilation was allowed only during working hours, 
there are some days where indoor temperature goes less 
than 10°C which will definitely affect the heating demand. 
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Figure 21.  Occupancy dissatisfied in all classes for the whole year 

Figure 22.  Occupancy dissatisfied in all classes in January 

Figure 23.  Occupancy dissatisfied in all classes in August 

On the other hand, looking into the hottest month in 
August (Figure 20, a), blocking the natural ventilation 
result with very hot condition inside the classes in all the 
spaces. Classes that oriented to the east and west performed 
the worst compared to other main directions with up to 
44.2°C and 42°C respectively. The natural ventilation 
improves the indoor condition as seen in(Figure 20, b). 
The highest temperature decreased from 44°C to 41°C and 
the lowest from 42°C to 32°C. 

Corresponding to the above results, occupancy 
dissatisfaction inside the classes is illustrated in Figure 21, 
Figure 22 and Figure 23. Figure 21 presents the whole year 
where it can be seen that from December to March mostly 
below the upper limit 20% of occupancy dissatisfaction 
except for few days due to poor natural ventilation. Adding 
to that, from April until end of May and end of October 
until end November, the data are fluctuated within 90% 
and 30% with few cases reach below 20%. 
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On the other hand, Figure 22 and Figure 23 highlight the 
coolest day and the hottest months respectively. It can be 
concluded that mostly in January occupancy can be 
achieved with natural ventilation during working hours. 
However, careful attention needs to be addressed in some 
cases during the month due to the low temperature which 
cause cold inside the classes. 

While, in Figure 23, although the natural ventilation 
plays significant impact on indoor temperature, as seen in 
Figure 23, natural ventilation for the purpose of occupancy 
dissatisfaction improvement is neglected. 

4. Conclusions
In a nutshell, the conclusion can be drawn as follow: 
Based on field experiment, 
 no consideration was placed for indoor spaces, 

windows sizes, orientation and working hours. 
 Indoor spaces that require continuous work in 

schools during working hours should avoid the 
eastern direction. 

Based on the simulation study, 
 The natural ventilation significantly improves the 

indoor temperature during winter season. 
 Although indoor temperature dropped during 

summer season due to the natural ventilation, it is 
still above the acceptable range recommended by 
ASHRAE 27 °C. 

 Occupancy dissatisfaction can be achieved only 
during December to March with 20%. 
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