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Abstract:
The energy demand in the Kingdom of Saudi Arabia (KSA) is drastically increasing due
to the recent Saudi government’s growth and development in multiple fields. Part of the new
government’s vision is to create a lower impact of carbon emissions on the atmosphere. Thus, a
significant consideration of building energy consumption is crucial since around 78% of the energy
consumption is caused by the building sector in KSA. Residential buildings, however, account for
50% of the energy consumption, and government buildings show negligence in their function
(Saudi Energy Efficiency Center 2017). Moreover, with the increase in electricity tariffs, the
government has forced the operators of its buildings to enhance building efficiency to consume
less energy especially in schools.
This research aims to study the possibility of Net-Zero energy schools in Makkah, KSA.
The purpose is to create an educational icon that educates the new generation about the importance
of sustainability through visual interacting in addition to providing a high performance and healthy
learning environment for students and teachers. A prototypical elementary school model was
analyzed and simulated using eQUEST, an energy software, to determine the different issues that
cause high energy consumption in the school. The building model, Al-Muna School, is a 32,400
ft² primary school located in Makkah, KSA, that has a hot-arid climate.
The prototype was simulated using eQUEST, and the simulation result was compared with
the energy use intensity (EUI) for primary schools in the hot-arid region of USA, which has the
same climate zone as Makkah. The prototype was worse than the code for the educational
buildings. The author provided recommendations of passive and active environmental strategies
to mitigate energy use in the school building including the following: double low-E glazing,
insulation, shading devices, daylight enhancment, night purge ventilation, LED light, and a high
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SEER hvac system to enhance the building performance and achieve Net-Zero energy. The results
from eQUEST show a reduction of 68% from the total energy consumption of the building. Thus,
263 PV panels were implemented to generate the required energy for the building to achieve NetZero energy. Moreover, due to the fact that schools in Makkah have the same prototype, the
Ministry of Education there can use this research as a case study to be applied to other schools in
the area. The Net-Zero Energy for hot-arid climates would be an ideal concept to support the 2030
Vision of KSA, a nationwide initiative to make the country more sustainable.
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Chapter 1:
Introduction: Saudi Arabia
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1.1 Saudi Arabia:
KSA is a Middle Eastern country located in the southwest corner of Asia, bordering the
Persian Gulf on the east and the Red Sea on the west. It is known as the largest country in the
Arabian Peninsula and the second largest Arab nation with a total area of 829,995 mi², 2,149,690
km², which is roughly one-fifth the size of the United States of America (Figure 1) (Ministry of
Foreign Affairs 2017). Several countries border KSA including Yemen on the south, Qatar, UAE,
and Bahrain on the east, and Jordan and Iraq on the North.

Saudi Arabia
2

Area: 830,000 mi

Figure 1 Saudi Arabia Map

1.2 Political Divisions:
The nation is divided into 13 provinces with several governorates for each (Figure 2).
Riyadh, located in the center of the country, has an area of 156,078 mi², making it the second
largest province in terms of both area and population. The Eastern Province is the largest in terms
of area with an area of 259,662 mi². The Western Province, where Makkah is located, is smaller
in area 59,131 mi² (Ministry of Foreign Affairs 2017). However, it is the largest region in terms of
population, around 7 million, and it is the most important city in Islam, serving as the main
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destination for pilgrimages. The capital city of Makkah is Mecca, which receives over 10 million
Muslims annually (General Authority for Statistics 2017). Asir province is the only region has
different climate condition (Mild climate). (Ministry of Foreign Affairs 2017). However, the focus
of this research is on Mecca city that is located in Makkah Region. The selection of Mecca city
was based on various criteria. The city is a high population with a typical climate condition that
represents the typical climate of the country.

Figure 2 Main Regions in Makkah

1.3 Population:
The population of KSA is around 33 million with approximately 65% Saudi and 35% nonSaudi. Approximately 50% of the population is under the 25 years old. The majority of the
population is between the ages of 15-64, which consists of 64.8% of the total population, while
32.4% of the population ranges in age from zero to 14 years old. However, 50% of the nation’s
population resides in Makkah and Riyadh provinces (General Authority for Statistic KSA 2017).
Therefore, it is crucial that we involve youth in the development of the country, especially when
those two provinces have the most population.
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1.4 Physical Geography:
KSA is known as a desert region, and desert occupies 95% of the country. It has the Empty
Quarter (Ar Rub’al Khali), which is known as the largest sand desert in the world. It is located in
the South-East of KSA with an area of 400,000 sq. miles. In the north of the country is located the
Nofouth Desert, with an area of 34,000 sq. miles. Mountains run parallel to the Red Sea, sloping
down to plains along the Persian Gulf. The highest point in the country is Al-Su’oda Mountain at
10,279 ft. (Figure 3) (Ministry of Foreign Affairs 2017).

Red Sea

Tihamah plain

Souda Mountain
10,279 ft.

Empty Quarter
982 ft.

Najd Plain
100 ft.

Arabian Golf

Figure 3 Physical Topography of KSA

1.5 Climate:
In recent years, the Saudi government has been paying more attention to achieve
sustainable development by reducing reliance on fossil fuels and finding alternative sources of
energy. Climate conditions are a vital principle that should be considered to make sustainable
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development in KSA. As the global building and construction sectors have a significant percentage
of energy consumption in the world, about 36% and responsible for 40% of the total CO2
emissions (Energy Technology Perspectives 119), understanding the climate condition of the area
is crucial in order to improve the performance of buildings.
Generally, the climate in Saudi Arabia is categorized as a hot-arid region; however, there
are five main climate zones categorized in the country as shown in (Figure 4).

Figure 4 Categories of the Climate Zones in KSA

Table 1 shows the temperature differences between the main cities for each climate zone
(Alrashed and Asif 378). More than 65% of the population live in an area with a Hot-Arid climate.

Table 1 The Climate Conditions in Different Cities in Saudi Arabia
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1.6 2030 Vision of the Kingdom of Saudi Arabia
The Saudi 2030 vision (Figure 5) was established in 2016 with the intention of changing
the country’s path to become more sustainable and reduce reliance on fossil fuel as well as find
alternative energy sources. The Saudi 2030 Vision is described as follows:
Our country is rich in its natural resources. We are not dependent solely on oil for our
energy needs. Gold, phosphate, uranium, and many other valuable minerals are found
beneath our lands. However, our real wealth lies in the ambition of our people and the
potential of our younger generation. They are our nation’s pride and the architects of our
future. (“Vision 2030”)
According to Amin Nasser, the CEO of Aramco, “The goal of the 2030 Vision is to reduce the
carbon footprint through increasing efficiency or a change in fuel formulation, there is a huge
effort that we put in the climate change related issues to ensure our emissions is kept to minimum”
(Nasser, 00:18:40 – 00:19:15).
As an architect, I must be part of achieving the 2030 Vision by providing a healthy and
more environmentally-friendly atmosphere through enhancing building performance, so
greenhouse gases will decrease, which is the main cause of climate change and global warming.
1.6.1 The Main Objectives of the Vision Related to Energy Conservation:
- Reduce the excessive use of energy and decrease the carbon footprint that harms the atmosphere.
- Reduce the reliance on fossil fuel and find alternative sources of energy.

Figure 5 The Logo of the 2030 Vision
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Chapter 2:
Energy in Saudi Arabia
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2

Energy in KSA

2.1 Introduction:
According to 2015 data from the U.S. Energy Information Administration (EIA), KSA was
known as the second largest country that produces petroleum and other liquids with 12,072
thousand barrels per day; whereas the U.S. was ranked as number one with 15,123 thousand barrels
of crude oil production per day (EIA 2017). Furthermore, KSA has the highest oil reserves in the
world. The availability of crude oil leads to a lack of awareness about the importance of
sustainability and saving energy from consumers in KSA. Consequently, with 10,316 quadrillion
Btu, KSA was ranked the number one energy consuming nation in the Middle East, 11th in total
primary energy consumption in 2015, and 2nd regarding energy consumption per capita as shown
in (Figure 6) (EIA 2017).

Figure 6 Total Primary Energy Consumption Per Capita in the World

With the government’s growth and the increase of the population, KSA is experiencing an
increase in the energy consumption. Additionally, energy consumption has increased six-fold since
2000 and will continue increasing for the next decades (Figure 7).
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Figure 7 Total Primary Energy Consumption in Saudi Arabia

2.2 Carbon Dioxide (CO2) Emissions:
Climate change and global warming have been a significant concern for scientists and
researchers around the world in the last decade. The use of fossil fuel has caused the production of
carbon dioxide, which is released into the atmosphere causing several environmental issues such
as climate change and global warming. The carbon dioxide is trapping the Sun’s heat, resulting in
increasing temperatures around the planet. However, with around 531.46 Million Metric Tons
production of carbon dioxide emission, KSA was ranked number 10th of the leading producers for
CO2 emissions in 2015 (Figure 8) (International Energy Agency 2017). Also, it was ranked number
13 of the carbon dioxide emissions from fuel combustion per capita with 16.85 metric tons (EIA
2017).
According to the U.S. Energy Information Administration (EIA), the energy uses in
buildings accounts for 40% of the carbon dioxide (CO2) emissions that are released into the
atmosphere. Furthermore, transportation accounts for 25-30% of the carbon emissions, while
industrial processes are responsible for the rest (27.4%). Whereas buildings use 36% of the
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world’s energy, reducing buildings’ energy consumption is crucial which will play a significant
role in cutting down the releasing of carbon emissions into the atmosphere (Energy Technology
Perspectives 119).

10TH

Figure 8 Total Carbon Dioxide Emissions from Fuel Combustion (2015)

2.3 Energy Consumption in Saudi Arabia by Sector:
The demand for energy in KSA is increasing rapidly due to the growing population and the
country’s development. Buildings, including commercial, residential, and government, account for
78% of the total energy consumption in KSA, while industry only accounts for 19% (Alrashed and
Asif 378). Buildings are responsible for the majority of energy consumption in the nation,
especially for the cooling load. However, KSA is known as a desert country with a very hot
climate, especially during summer. Thus, due to the absence of climate responsive designs and
principals, cooling loads occupied 72% of the energy consumption in buildings especially in
Summer where the temperature is very high (Saudi Energy Efficiency Center 2017). The
remaining percentage of energy consumption is for water heating, heating load, lighting, and
various daily equipment (figure 11) (Aldossary, Rezgui and Kwan 96). However, the absence of
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insulation, inappropriate shading and orientation, inappropriate window type, and inefficient
cooling equipment are some of the building design deficiencies that result in high energy
consumption. The energy performance and construction of the buildings have great direct and
indirect impacts in the environment. Therefore, enhancing building performance is crucial in order
to reduce the massive usage of energy in the building sector that count as one of the causes of
climate change and global warming.

Figure 8 Energy Consumption by Sector in Saudi Arabia
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2.4 Problem statement:
The Kingdom of KSA is known as a hot-arid climate region. With such a harsh climate,
human inhabitance is challenging. With 315.093 Million BTUs per person, KSA has the 2nd highest
energy consumption per capita of 213 countries (EIA 2017). The cooling load accounts for the
majority of the energy consumption in buildings due to the hot climate. Thus, part of the new
government’s vision is to reduce the impact of energy consumption to the atmosphere due to the
production of greenhouse gases from buildings. The greenhouse gasses are any sort of gas that has
the characteristics of absorbing infrared radiation that emitted from the surface of the earth and
radiate it back to it, including: water vapor, CO2, and methane (Mann 2016). A significant
consideration of buildings’ energy consumption is crucial since around 78% of the energy
consumption is caused by the building sector (Alrashed and Asif 378). Nevertheless, government
buildings, such as schools, show negligence in their function, which causes an excessive use of
energy. Moreover, with the increase in electricity tariffs (figure 9), the government forces building
operators to enhance building efficiency to consume less energy as part of the government’s vison.

Figure 9 The Old and New Tariff for Electricity in KSA
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2.5 Methodology:
A mixture of qualitative and quantitative methods was used in this research, which took
place in a primary school located in Makkah, KSA, where there is a hot-arid climate. The city is
the most populous in the country.
Initially, an interview with the engineering manager of the Ministry of Education in
Makkah was a significant factor in shaping this research. The engineer talked about the need to
enhance the energy performance of the schools in Makkah to meet the government’s requirement
of achieving the 2030 vision. Secondly, an energy audit of Al-Muna Primary School, located in
Makkah, KSA, showed negligence in its energy performance. The audit included taking pictures,
interviewing students and teachers, and collecting data as well as the school’s blueprints. In
addition, Climate Consultant computer software was used to collect and analyze climate condition
data about Makkah to design the appropriate environmental strategies to achieve human thermal
comfort and reduce the building’s energy consumption. Next, the eQUEST software, which
simulates the building’s energy performance, was used to simulate the existing environmental and
energy performance of the school in terms of heating, cooling, and lighting.
Results show that lighting and cooling loads account for the majority of the building’s
energy consumption. Consequently, the author applied different passive and active strategies to
the existing building using the eQUEST model to simulate the performance and the effectiveness
of the strategies. Finally, achieving Net-Zero energy at the school requires an on-site renewable
energy source to produce energy that covers the remaining needs of energy demand in the school.
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Net-Zero Energy
School

collecting data and the
architecture drawings
of the school

interview with the
engineer of the
school

energy audit to identify
some of the deficiencies
of the existing building

generating an eQUEST model to
simulate the existing performance

Applying
renewable energy

Active strategies to enhance
the efficiency of the systems
and appliances

passive strategies to enhance
the performance of the
building

Double Low-E glazing

night-purge ventilation

Insulation

overhang for the South
facade

Mashrabiya for the east and
west facade

light shelf to promote light

High SEER HVAC System

LED Light

Figure 10 Methodology
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2.6 Vision and Goal:
-

The primary goal of the project is to be part of the 2030 Vision of KSA to create a
sustainable environment that will lead the country to reduce its CO2 emissions, which play
a major role in global warming and climate change.

-

The second goal is to illustrate that Net-Zero-energy schools in KSA are applicable.

-

This study will provide direction through recommendations, passive and active strategies,
and viable solutions to achieve Net-Zero energy in schools, specifically in hot-arid
climates.

-

It will also create a productive, inspirational, and educational environment for students by
enhancing natural lighting, producing optimized indoor air quality through ventilation, and
reducing the fossil-fuel through reduction of energy consumption.

-

It will stand as an example of high energy performance buildings, develop healthy learning
and work environments, and inspire future generations.

-

Also, it is crucial to create an educational icon that can be applied to other building sectors,
including residential and commercial ones.
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2.7 Research question:
•

How can we enhance energy performance and emphasize alternative, renewable energy
production in schools to become an efficient educational place, where a new generation of
students learn about the importance of sustainability as part of achieving the 2030 Vision
of KSA?

•

What are the deficiencies of schools in KSA that cause high energy consumption?

•

What strategies are best solutions for hot-arid climates to achieve Net-Zero energy in
schools?

•

How much can CO2 emissions be reduced by enhancing the performance of typical
prototype schools located in the same or very similar climates?
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Chapter3:
Case Study
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3

Case Study

3.1 Project Development:
3.1.1 Introduction:
The Saudi government has been taking a significant attention toward building
sustainability. This call for considering green buildings encourages the Ministry of Education to
provide students with the ideal environment that helps them learn and achieve their goals. NetZero energy schools facilitate this goal by contributing high-performance learning and healthy
environments for students and teachers.
This chapter aims to demonstrate that Net-Zero energy schools are applicable by providing
solutions of environmental strategies, guidance, and recommendations in hot-arid climates.
Achieving Net-Zero schools will support the 2030 Vision of KSA to ensure a sustainable and
healthy environment and decrease greenhouse gases that are created by the burning fossil fuels.
3.1.2 There are two main objectives of this research:
-

The primary goal is to reduce the energy use intensity (EUI) of the school by applying
passive and active strategies to the existing building.

-

The second goal is to achieve a Net-Zero energy performance building by applying an
alternative renewable energy source.

The Net-Zero school can stand as an educational icon, where students can interact with its
energy-efficient features. The school will be an outstanding opportunity for users to learn about
sustainability. Students should be aware of the uniqueness of their school and fully comprehend
the energy-efficient strategies that exist in the school.
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3.2 Location:
The selected school is a typical four-story primary school building located in the western
side of Makkah, KSA (Figure 10). The region is hot-arid, with an average temperature of 86℉ and
an average rainfall of 2.1 inches (Climate Consultant Software 2017). The school day runs from
7:30 a.m. to 1:00 p.m., with over than 800 students studying in 32 classes. The design of the
building is typical for schools in the region (Figure 11). The purpose of selecting this particular
site is the potential of Al-Muna school to enhance its building’s energy performance as well as its
location. It is surrounded by seasonal buildings, which are apartment buildings that are only
occupied during specific times of the year, resulting in a high-density area during a Hajj. Al-Hajj
is the holy month when Muslims around the world gather for worshipping at Kaaba, the House of
God, at Mecca. The school is exposed to thousands of people from different parts of the world;
therefore, it can serve as an educational icon that educates people about the appropriate building
design and strategies for hot-arid regions.

Makkah
-Location: Makkah, KSA
-Type: Primary School
-4-story building
-Hot-arid Region
Figure 11 Location of Al-Muna School
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Figure 12 The Location of AL-Muna School in Makkah

3.3 Climate Condition in the Selected City (Makkah 21.43º North, 39.77º East):
Understanding the climatic conditions of the site is a fundamental first step to designing or
enhancing the performance of the building appropriately. Obtaining and analyzing weather data is
a critical starting point. For example, natural ventilation is an important strategy to consider when
a site’s average annual temperature and humidity values are provided, as well as wind speed and
velocity. Thus, a computer software called Climate Consultant was used to obtain graphic charts
about the climate conditions of Makkah, KSA. The charts can be analyzed by the architects to
better understand appropriate site design. However, the software gives recommendations with
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different passive and active design strategies based on the psychometric chart to help achieve
maximum human thermal comfort (Figure 15).

Figure 13 Recommended Passive and Active Strategies from Climate Consultant software

3.3.1 Dry Bulb Temperature:
Dry Bulb Is the average temperature of the air surrounding the occupant.
This refers to the ambient air temperature.
-

The summer season has an average dry bulb temperature of 96℉.

-

The winter seasons has an average dry bulb temperature of 75℉ to 77℉.

3.3.2 Dew Point Temperature:
The Dew Point is the average temperature to which air must be cooled to reach
evaporation
-

In summer season, the dew point temperature ranges between 58℉ to 66℉

-

In winter season, the average dew point temperature is between 58℉ to 61℉
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3.3.3 Relative Humidity Temperature:
-

The maximum percentage of relative humidity, which is 60%, occurs in December
during the winter season.

-

The minimum percentage of relative humidity, which is 30%, occurs in July during the
summer season.

Figure 14 Weather data Summary for Mecca, Saudi Arabia Source: (UCLA 2017)
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3.3.4 The Wind direction and speed:
-

Mostly The prevailing wind direction is from the south-west

-

The average wind speed is three mph.

-

The north side has the maximum wind hours.

`
Maximum Wind Hours

Maximum Wind
Speed
Figure 15 wind chart for Makkah, Saudi Arabia source (Climate Consultant)

3.3.5 The psychometric Chart
The psychometric chart illustrates how the combination of relative humidity, humidity
ratio, and the air temperature can affect the human thermal comfort (Lechner 68).

Figure 16 Psychometric Chart source (Climate Consultant)
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3.4 Architecture Drawing:
3.4.1 House Floor Plans:
The typical primary school in Makkah, KSA, consists of four floors with a closed
courtyard (Figure 16). The first floor contains the main teachers’ offices, prayer area, and three
classes for first grade. The remaining floors consist of nine classes per floor with one teacher’s
office and restrooms (Figure 17).

Main Entrance
Figure 17 1ST AND 2ND Floor plans for al-Muna School by: Suhaib Noor Wali
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Figure 18 3RD AND 4TH Floor plans for al-Muna School by: Suhaib Noor Wali
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3.4.2 Building Elevations:

East façade

Figure 21 Al-Muna School East Façade

North façade

Figure 19 Al-Muna School North Façade

West façade

Figure 20 Al-Muna School West Façade

South façade

Figure 22 Al-Muna School South Façade
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3.5 Building Schedule:

Table 2 Building Schedule for Al-Muna School
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3.6 eQUEST Simulation Results:
eQUEST (energy simulation software) was used to simulate the current energy
consumption performance of Al-Muna School to better understanding the performance of the
building in terms of energy and identify deficiency locations. The previous schedule and the
architecture drawings were used to generate the eQUEST model to simulate cooling, lighting, and
heating load results for the existing building. The software shows the school’s energy consumption
in endues per month. The results indicate that building consumes 874,000 kWh. The highest
percentage of energy consumption goes to the cooling load with 41%, whereas 32% is for the
lighting load and 13% for the ventilation fans (Table 3).

Space Cooling 390,880.00 kWh

Area Lights

326,420.00 kWh

Table 3 Electrical Consumption of Al-Mina School Source (eQUEST )
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3.7 Building Energy Use Intensity Benchmark (EUI):
One of the most critical steps to achieve Net-Zero energy school is to determine the EUI
for the project. The EUI is a comparison of building energy use as a prototype with buildings
having the same size or other characteristics. It can be calculated by dividing the annual energy
consumption of the building by the gross area. The lower the building’s EUI, the less PV panels
that need to be implemented to achieve Net-Zero building. However, according to the Building
Performance Database (BPD), the average EUI for elementary school that located in a Hot-Arid
climate zone with an average area of 37,000 ft² is 40 kBtu/ ft².yr (Table 4) (BPD 2018).

Floor Area 40,00 ft².
40 (kBtu/ ft² /year)

Table 4 Average EUI for Elementry Schools
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3.7.1 The Energy Use Intensity (EUI) for Al-Muna School:
Based on the eQUEST simulation results:
- Total Electricity consumption of Al-Muna School: 874,000.00 kWh
- Gross Area: 32,800 ft².
- The EUI (energy use intensity) for my base case is
874,000 / 32,800 = 26.64 kWh/ ft².
26.64 * 3.145 = 83.80 kBtu/ft².yr
The EUI is 83.80 kBtu/ft².yr, which is more than the typical existing uses for education
buildings based on the table from Net-Zero Energy Book (Table 5). Thus, it is crucial to enhance
building performance through the implementation of environmental passive and active strategies
to reach the lowest possible EUI, which can reduce the require number of PV panels to achieve
Net-Zero energy.

83.86

Table 5 Energy Use Intensity for Al-Muna School
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3.8 Problem Statement:
The eQUEST results show that there are two major aspects that cause high energy
consumption: the oversized air conditioning units, which cause the high cooling load, and the
misuse of daylighting which leads to an excessive use of artificial light (Figure 23). Moreover,
there are other factors that also add to the high energy consumption such as orientation, window
size and placement, shading devices, and insulation.
ELECTRIC CONSUMPTION
350

304.95

300

237.03

kwhX000

250
200
150
100

102.9

88.3

50
0

Fans

Misc. Equip

Area Lights

space Cooling

Figure 23 The Electric Consumption for al-Muna School Based on eQUEST Results

3.8.1 Air Conditioning:
In order to properly cool a building or a space, the HVAC system should be with the right
size to avoid oversizing or downsizing air condition system leading to waste energy or work
overtime. Choosing the size of air conditioner that a space requires, the cooling load in Btu need
to be calculated. The cooling load is the quantity of heat need to be removed using the cooling
system to improve human thermal comfort inside the space.
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3.8.1.1 Air Conditioning Calculations:
Step 1: The square footage of the classroom (Figure 24): 21’ x 18’ = 378 ft²
Step 2: 378 ft² / 500 = 0.765
Step 3: 0.765 x the number of Btu is needed to remove in order to cool down the space (12,000)
0.765 x 12,000 = 9,072 Btu
Step 4: 380 Btu per Student = 380 x 25 (students’ number) = 9,500 Btu
Step 5: 1,000 Btu per Window = 1,000 x 4 (number of windows) = 4,000 Btu
The Minimum Btu of Cooling capacity the HVC system must have:
9,072 + 9,500 + 4,000 = 22,572 Btu
The size of the system: 22,572 Btu / 12,000 = 1.8 Tons

Recommended

The existing size of HVAC system in Al-Muna School:
2 unites of 3.3 ton each = 6.6 Ton

Existing

The HVAC system used is oversized, which causes increased energy consumption.

18’

21’

Figure 24 A Typical Class Room in Al-Muna School
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3.8.2 Unused Conditioned Atrium:
There are 10 LG Floor Standing Air Conditioners (48,000 kbtu/h) located in the atrium,
which account for 16% of the total energy consumption of the building’s cooling load (Figure 25).
The area is only used for 10 minutes at noon. However, the atrium can be an ideal space for creating
a microclimate to reduce the energy consumption from the use of the HVAC system and improve
the thermal comfort of the space (Figure 26).

Figure 26 Space Cooling Consumption

Figure 25 The Escessive Use of HVAC in the Atrium
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3.9 Deficiencies of the Existing Building:
3.9.1 Inappropriate Orientation:
Orientation is a fundamental aspect that should be optimized early in the process of
designing a building. The orientation is a costless passive strategy that aids in enhancing the energy
performance of the building. The building shape, however, plays an essential role in achieving
human thermal comfort in internal spaces. With Makkah’s harsh, hot-arid climate, long façades
should face north and south to avoid the direct solar radiation from the east and west, which
increases the solar heat gain. Optimizing the shape of the building helps to decrease the cooling
and heating loads it requires.
Al-Muna School is square-shaped, which is undesirable for its climate. The building is
highly exposed to solar heat gain during the school hours from 7:00 a.m. to 1:00 p.m. (Figure 27).
East- and west-facing classes receive excessive solar heat gain from the direct solar radiation,
which affects the human thermal comfort inside. Service zones such as bathrooms, electric room,
and stairs, all which do not require a view to the outside, can be located in the east and west façades
to avoid heat gain and loss through open windows (Figure 28).
Restroom

2

1

Conference rooms

9

Stairs
Service zones
Figure 27 The Sun Path in Makkah

Figure 28 Section for Al-Muna School
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3.9.2 Windows size, number, and placement:
For most climates, the south-facing façade is the appropriate location for windows, where solar
radiation can be controlled with proper shading. Controlling the east and west solar radiation is
more complicated. East and west facing windows should be optimized to avoid direct solar heat
gain and increase human thermal comfort inside the space. However, north-facing opening
windows are ideal for providing daylight and minimizing the solar heat gain; however, the glazing
classification for north-facing windows and doors should be different from the glazing on other
windows to avoid glare.
The size, number, and location of windows have a significant impact on the energy
efficiency of the building. East and west-facing windows should be minimized to avoid the
transference of solar heat gain into the building, which causes an increase in the cooling load.
Generally, Al-Muna school has an excessive number of windows facing East and West, which is
very difficult to control (Figure 29-30), increases the discomfort inside the classes, and increases
the cooling load.
Percentage of windows to wall: 17.8%

Figure 29 East Façade
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Percentage of windows to wall: 16.5%

Figure 30 West Façade

Aside from the large number of windows that are exposed to direct solar radiation, window
type is also an important aspect that should be taken into consideration. For instance, single-pane
windows with High-R values, which are used in Al-Muna School, have a high solar heat gain
coefficient (SHGC 0.81). This increases the discomfort inside the space as well as the needs of
cooling load (Figure 31). The R-value is the object’s capability of resisting the heat from
transferring into the building. Furthermore, the energy consumption of the school is greatly
affected by the excessive low energy efficient windows.
Solar Heat
Single Pane Windows
R-Value 1

Heat from the Sun
Passes Through
into the Class

Solar Heat Gain
Coefficient = 0.81

SHGC= 0.81
19%
Reflectance

Heat from Radiation
Reflected back to
the Atmosphere 19%
Figure 31 Single Pane with a High- R value Window
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Moreover, to avoid direct solar radiation entering the space, the school administration
blocked the windows with a black tent, which created another problem (Figure 32). Black color
has a high absorptivity, which increases heat gain inside the space. To combat this issue,
implementing highly efficient windows will save energy, improve the human thermal comfort
inside the space, and decrease the heat gain into the classroom, especially during overheated
period.

Figure 32 Black Tent to Prevent Direct Sun Light from Entering the Class

3.9.3 Lack of Daylight and Excessive Use of Artificial Light:
The Heschong Mahone Group (HMG) studied the impact of daylight in an elementary
school classroom and its effects on student performance. The study indicates that students with
more daylight exposure have higher performance on math and reading tests than those who have
less daylight exposure (Maclay 455). daylight is a fundamental passive strategy that can save
energy throughout a building by decreasing the electrical lighting and cooling loads and enhance
student and teacher performance. However, despite the fact that Al-Muna School has many
windows, natural daylight is not used effectively. In fact, all windows are covered with a black
tent to avoid direct solar radiation, preventing natural light from entering and instead, introducing
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heat to the classes. Consequently, there is an excessive use of artificial light, especially in areas
that can be provided with daylight (Figure 33-34). The artificial light increases internal heat gains
and decreases the thermal comfort inside the space.

Figure 34 covering windows to avoid direct sun light

Figure 33 Using Light above south facing opening

In addition, the waffle-shaped ceiling in the atrium does not help to distribute the natural
light correctly (Figure 35). As a result, artificial lights are misused, causing an increase in energy
consumption. However, an atrium could be provided to add daylight through the north-facing
windows and doors.

1:30 pm
Waffle shape celling that doesn’t help
distributing the light correctly

Using the artificial lights while there
is a possibility to use Daylight

Figure 35 the Waffle shape for the celling in the attium
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The north-facing opening windows and doors are appropriately designed, and they can provide the
atrium with diffused daylight to avoid using excessive artificial light (Figure 36).

Diffused North
20’
Daylight
North

Atrium
Figure 36 North Facing Openings

30’

Full daylight

3.9.4 Lack of Shading Devices:
Large windows are essential to maximize natural ventilation and provide daylight in hotarid climates, yet they are also primary sources of heat gain, which increases the discomfort inside
the space. Thus, heat avoidance is essential, and the most valuable, passive strategy in hot-arid
climates. Even though daylight is vital to reduce energy consumption, it is very critical to consider
shading devices in the early process of designing a building to avoid heat gain from solar radiation.
Developing proper shading devices will reduce energy consumption and increase thermal comfort
for occupants.
Al-Muna school shows negligence in implementing shading devices in all façades, which
increases heat gain, especially during the hottest times of the year, causing increased cooling
demand and decreased thermal comfort inside the spaces (Figure 37). However, north- and southfacing opening windows can be easily shaded with horizontal overhang and vertical fins to avoid
heat gain, while east- and west-facing opening windows are very difficult to be fully shaded
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without blocking the view, especially in Makkah’s climate. Moreover, the existing building has a
small over hang above each windows which does not block the direct solar radiation when it is
mostly needed at afternoon (Figure 38).

Figure 37 no Proper Shading for the East and West Facade

Ineffective

Direct heat gain

March 21- 1:00 pm
Figure 38 Inappropriaate Shading in the south façade
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3.9.5 No Proper Wall and Roof Insulation:
Roofs and walls are the most exposed elements to solar radiation, and they account for
significant heat gain and loss into and from the building. Insulating the external walls and roof can
save up to 40% of energy consumption by minimizing the heat transfer in and out of the envelope,
which can provide a more comfortable and energy efficient environment (Saudi Energy Efficiency
Center 2017). Insulation works as a barrier between the comfortable internal space and the extreme
weather outside. However, insulation is not considered when designing buildings in KSA (Figure
39), which causes an increase in the cooling load and decrease in the thermal comfort inside the
space. The HVAC system should ventilate based on the area’s occupancy rather than outdoor
conditions through infiltration, which can be avoided if the roof and wall insulation are designed
properly.
Roof construction:
•
Single layer tiles (30x30x0.9) cm
•
Sand
•
Waterproofing
•
Plaster
•
2 in Polystyrene
•
Concrete
•
Concrete cast inside

Wall construction:
Texture compound paint
CMU Block 8”
Light Color Paint

Figure 39 Roof and Wall sections

52

SUHAIB NOOR WALI

3.9.6 Unused Conditioned Courtyard:
The middle courtyard is designed to be used for praying, which happens one time during
the day, and it can be redesigned to be an appropriate microclimate for students and teachers to
gather and enjoy the space (Figure 40).

Figure 40 The Court Yard with the Rug for Praying
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Chapter 4:
Net-Zero Energy Building
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4

Net-Zero Energy Building

4.1 What is Net-Zero Building:
Generally, a Net-Zero energy building is a building that produces as much energy as it
consumes or more. This means onsite renewable energy provides the amount of energy required
by all appliances and equipment in the building on an annual basis. These types of buildings
have less impact on the atmosphere than non-Net Zero buildings. The reason for this is that NetZero buildings releases less greenhouse gas to the atmosphere, which is one of the leading causes
of climate change and global warming.

+

+

+

=

Net-Zero Energy
0 kBtu/sf-yr

4.2 How to Achieve Net-Zero Building?
The first step to achieve Net-Zero is
energy reduction. Enhancing the energy
performance of new and existing buildings is
essential as a step toward Net-Zero.
Therefore, we should measure the energy
consumption of the building using EUI and
compare it with similar building types
(Figure 41). According to The New Net
Zero, “An EUI number for a building is
calculated by taking the total energy
consumed in one year, measured in kBtu,

Figure 41 energy Use Intinisity (EUI) for educational building
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and dividing it by the total conditioned square footage of the building” (20). The lower the EUI
number, the better the energy performance. Thus, for an existing building, the aim is to reduce the
number of EUI to minimize the cost for applying renewable energy. In order to do that, different
passive and active strategies should be implemented to the existing building to enhance
performance and reduce energy consumption. Following that, the remaining energy needed for
the building should be produced with renewable energy to achieve Net-Zero (Figure 42).

Net-Zero Energy
0 kBtu/sf-yr

Figure 42 The steps to Achieve Net-Zero Energy building

4.3 Why net-zero energy buildings?
1- It reduces the energy consumption of the building, since buildings consume 36% of the
world’s energy (Energy Technology Perspectives 119).
2- 40% of CO2 emissions are produced by the buildings, so reducing the greenhouse gases is
essential reducing negative impacts on the atmosphere (Energy Technology Perspectives
2017).
3- It helps reduce dependency on fossil fuels.
4- It protects the environment for future generations.
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5

Design Proposal

5.1 Passive design strategies:
Passive strategy is a method where the energy consumption of the building can be enhanced
by reducing the heating, lighting, and cooling loads throughout the implementation of climate
responsive design. The passive strategies do not require mechanical or electrical systems. They
use natural sources of heating, cooling, lighting, and ventilation to provide comfortable and
suitable conditions for occupants inside the building. Moreover, implementing such strategies can
reduce the reliance on mechanical and electrical systems, causing a reduction in the building’s
energy consumption. However, to appropriately implement the passive strategy, considering
different factors is essential. For instance, it is crucial to take into account the building’s orientation
in the early process of the design. Appropriately orienting the building can control heat gain and
loss into the building, whereas the shape of the building is important to control the air movement.
In my proposal for Al-Muna School, different passive strategies were implemented to enhance
the performance of the school and meet the human thermal comfort for students and teachers inside
the space as well as reduce energy consumption. The passive strategies included adding insulation
to the exterior walls and roof, changing the windows to more efficient ones, adding shading
devices, adding light shelves to provide daylight inside the space, as well as changing in the
operation of the HVAC system (Figure 43-44).

Figure 43 Passie Stratiges
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Figure 44 Sexction Demonstrate the Stratiges Applied to Al-Muna School
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5.1.1 Walls and Roof Insulation:
The roof and walls account for the majority of the heat gain and loss in the building; thus,
insulating them is essential to minimize heat transfer into the building. The Al-Muna school
building has no wall insulation and no proper roof insulation, which increase the solar heat gain
and decrease the human thermal comfort inside. However, a 4” Polyisocyanurate (R-21) insulation
was added to the exterior wall and a 3” Polyisocyanurate (R-21) for the roof by the author in the
new proposal (Figure 45). The insulation improved the performance of the HVAC system and
increased the thermal comfort inside the space. This strategy was simulated using the energy
modeling software (eQUEST) to simulate the approximate reduction of the walls and roof
insulation in the building’s energy consumption. The result shows a decrease of 6% of the
building’s total energy consumption using the wall and roof insulation strategy.

Figure 45 Propused Section for the Wall and Roof after Adding Insulation
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5.1.2 High-Performance Windows:
The school has 216 single pane windows with Low-E that are fully exposed to direct solar
radiation. The East and West façades have the highest ratio of windows to wall area, which has a
high exposure to solar radiation. Low-performance windows increase the solar heat gain and
decrease the human thermal comfort inside the space. Thus, the cooling load will expand to meet
the human thermal comfort for occupants, causing an increase in the building’s energy
consumption. However, a black tint was added to the windows to deflect solar radiation. This tint
absorbs heat and radiates it inside the space, which increases the heat gain and prevents sunlight
from entering and increases the need for artificial light. This loss of natural light has a negative
impact on the performance of students in the class, which include a decrease in academic
performance as well as effects on student phsycal and mental health, and an increase in discomfort
(Dahlan and Eissa 7-8).
A high-performance window is essential for buildings in Makkah that have to reduce heat gain
and improve human thermal comfort for students and teachers inside the building. To accomplish
this, the windows were replaced with a double Low-E window that has a 0.29 solar heat gain
coefficient (SHC) (Figure 46). Such a high-performance window can reduce solar heat gain and
increase the visible light transmitted (VT=0.72). Based on the eQUEST simulation software, this
strategy minimizes energy consumption by 2%.
Argon Gas
High Performance
Low-E glass

Figure 46 Doubke Low-E Window
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5.1.3 Shading
Large windows are crucial in hot-arid climates to maximize natural ventilation, yet they are a
major source for heat gain and loss. Since Makkah has a hot-arid climate most of the time, windows
have to be appropriately shaded to avoid heat gain. However, each façade utilizes a different
shading strategy, based on its orientation, to prevent solar radiation from entering the building
during hot periods, which causes an increase in the cooling loads.
5.1.3.1 North and South Shading Strategies:
North and south façades are easier to be shaded since they are less exposed to solar
radiation. Direct solar radiation can increase building cooling loads by bringing solar heat gain and
preventing sunlight, which increases the need for artificial light, as well as increases discomfort
inside the space. However, vertical fins would be an ideal shading system for north-facing façades
since they are exposed to solar radiation only early in the morning and late in the afternoon. In
contrast, whereas south-facing façades can be shaded using an overhang correctly designed using
the profile angle of the sun, vertical fins are crucial to avoid direct heat gain through windows.
The Climate Consultant was used to accurately design the proper size of the shading device
(overhang) for the south-facing façade (Figure 47). Based on the profile angle from the Climate
Consultant, a horizontal overhang of 2’1” is needed to fully shade the south-facing windows from
direct solar radiation that brings heat into the building in hot weather (Figure 48). Moreover, the
vertical fins do not have to be utilized if the width of the overhang is extended to prevent heat gain.
However, the winter sun will enter the building to warm it up during the cold period and achieve
thermal comfort for occupants (Figure 49).
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2’ 1”

Designing Overhang based on the data
from climate consultant

55°

3’
55°
1’

Figure 47 Designing Overhang to Prevent the Summer Sun

Figure 48 South Shading During Over Heated
Period (June 21 12:00 Pm )

Figure 49 South Shading During Winter (Dec 21
12:00 Pm)

5.1.3.2 East and West Shading Strategies (Mashrabiya):
As mentioned earlier in this research, the east and west-facing opening windows should be
minimized to avoid the low angle of direct sunlight, which is difficult to control. Unfortunately,
east and west facing façades have the highest percentages of windows to wall ratio in Al-Muna
School. What they receive is the undesirable direct sunlight, which brings unwanted solar heat
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gain into the building and increases the discomfort inside. However, to fully shade a window on
the east or west façades, the view will be compromised unless a very extensive overhang is used.
A double-screen façade is an ideal strategy for east and west façades, for they can maintain thermal
comfort, decrease cooling loads, and provide natural daylight to the space.
The Mashrabiya is an element that represents the vernacular architecture of the Middle
East, which is used as a pattern to separate the inside from the outside (Figure 50). The Mashrabiya
can be an ideal element that serves as a double screen to obtain full shading to the east and west
façades without compromising the view. Appropriately designing the Mashrabiya can obtain five
performance strategies; it prevents direct summer solar radiation, minimizes hot air, controls
airflow, introduces daylight into spaces, and maintains the privacy of the space (Figure 51), while
allowing the direct sunlight to enter the space during winter (Trubiano 239-240).

Figure 50 Shading the East and West Façade Using Mashrabiya
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March 21 9:00 pm (East Façade)
with Shading

March 21 9:00 pm (East Façade)
No Shading

Figure 51 Illustrating the Daylight Using DELAUX

5.1.4

Daylight

Daylight is a passive strategy that plays a vital role in achieving Net-Zero energy buildings.
Accurately using daylight to avoid glare and heat gain can reduce the need for artificial light, save
energy, and reduce cooling loads. Aside from reducing energy consumption, providing daylight
for the classroom is essential to enhance the performance and attention of students and teachers.
5.1.4.1 Light Shelves for South Façade:
South facing openings are ideal for daylighting from the sun, yet; direct solar radiation can
create glare that causes teachers to block the windows to avoid distraction in classrooms.
Daylighting should work complimentary to shading to ensure the accurate building energy
performance by providing daylighting and avoiding heat gain.
A light shelf is the ideal design strategy for windows in the south façade to diffuse daylight
more in-depth into space simultaneously preventing or controlling direct sunlight. Adequately
design light shelve can provide daylight, reduce the need for artificial light, reduce the cooling
`loads, improve the thermal comfort and enhance the student and teacher performance. Light shelf
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works as an overhang to the lower window to prevent direct solar gain, while due to the depth of
the window it is unnecessary to use overhang to the upper window (Figure 52).

Li

Figure 52 Light Shelf Diagram for the South Façade

eQUEST Simulation for Shading and Daylighting:
The eQUEST software was used to
simulate the effectiveness of the shading and
daylighting strategies in energy consumption.
The daylighting greatly reduced energy use in

56 kBtu/ft².yr

the building by 18%, whereas shading reduced
up to 7% of the total energy consumption. The
total energy reduction for implementing
shading devices and providing daylight is 25%
(Figure 53).
Figure 53 Total Energy Reduction from Shading and Daylighting
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5.1.5 Night Purge Ventilation:
Natural ventilation is a sufficient passive cooling design that can save energy, enhance
indoor air quality, and increase student satisfaction. However, night purge ventilation works the
most when the daily temperature range is more than 20℉. Makkah, where Al-Muna school located,
has a daily temperature range of 17 to 25 ℉ (Figure 54).
To properly design night- purge ventilation, the heat gain should be minimized by shading
the windows, implementing wall and roof insulation, and using light colors. Furthermore, the
thermal mass, where the heat is stored, should be exposed to easily absorb heat released from
occupants and other internal loads.

Figure 54 The Temperature Rnage for Makkah, KSA Source: Climate Consultant Software

Night-purge ventilation works when thermal mass absorbs heat from students and other
thermal loads during the day and releases it to the indoor air when the temperature is cooler. Then,
the upper windows should be opened for a pre-set of time to allow natural air to escape the
building. Early in the morning, when the building occupied, the need for the HVAC system to be
activated will be reduced. Cooling the thermal mass of the school will provide a fresh and cool
atmosphere for both students and teachers (Figure 55).
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5.1.6 HVAC System Operation:
Accurately sizing mechanical equipment is a fundamental environmental strategy to save
energy. Therefore, it is crucial to calculate the accurate mechanical system required for space. As
mentioned earlier in the research, there is excessive use of the HVAC system in classes, which
accounts for the majority of the energy consumption. However, the passive strategies mentioned
earlier will enhance the building’s performance throughout decreasing the heat gain and loose
resulting to a reduction of the excessive use of HVAC system to cool down the space. One unit
per class will be utilized instead, and the second one will be for an emergency in case the other
one stopped working. This technique reduced the energy consumption of the building by 12%.
The Total Energy Reduction from the Passive Strategies:
Implementing passive strategies to the existing school that included double glazing, roof
and wall insulation, shading devices, daylight strategies, night-purge ventilation, and HVAC
system operation reduced energy consumption by 48%, lowering from 874,000 Kwh to 450,000
kWh (Figure 56).

Figure 56 energy Reduction from the Passive Strategies
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Based on the eQUEST simulation results, the EUI (Energy Use Intensity) for the basecase is
874,000 / 32,800 ft² = 26.66 kwh/ ft² x 3.145 = 83.86 kBtu / ft².yr
which is dropped off after applying the passive strategies to
450,000 / 32,800 ft² = 13.72 kwh/ft² x 3.145 = 43.14 kBtu / ft².yr
which brings the building from a typical design building to a high-performance building.
However, active strategies are still needed to achieve a Net-Zero Energy building (Figure 57).

43 kBtu/ft².yr

Figure 57 The EUI after Implimenting Passive Stratgies
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5.2 Active Design Strategies:
Active design strategy uses equipment that improves human thermal comfort and enhances
building performance. Applying highly efficient equipment in school has a significant impact on
student health by providing indoor environmental air quality as well as benefiting the environment
by reducing the carbon released into the atmosphere by the low efficient equipment. However,
after applying passive strategies that aim to reduce the cooling and lighting loads needed for the
school, more efficient artificial light and HVAC system were used to reduce the need for the
renewable energy required to achieve Net-Zero in the building.

Figure 58 Active Stratgies

5.2.1 High SEER 19:
Seasonal Energy Efficiency Ratio (SEER) is a unit that measures the air conditioning energy
efficiency. The higher the SEER number, the more efficient the HVAC system is and the less
energy it consumes. Consequently, the HVAC units used in Al-Muna school are low efficient
systems with 8.00 SEER. Cooling loads account for the majority of energy consumption. Thus,
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replacing the HVAC system to more efficient ones is crucial. The Table 6 shows the number of
window HVAC system can be replaced to more efficient once which can reduce the energy
consumption by 11%.

Table 6 The AC Windows can be replaced in Al-Muna School

5.2.2 LED Light:
Highly efficient artificial light can provide classes with a high-quality light without
compromising the illumination levels. This was achieved by reducing the light power density as
well as controlling strategies. As mentioned earlier, the daylight was provided to the space to
reduce the amount of artificial light required to be changed to avoid the high price of the efficient
light such as LED light (Table 7-8). The 40-watt artificial lights used were replaced with 17-watt
LED lights, which reduced energy consumption by 15% (Figure 59).

Table 8 The Number of Artificial Light used in the
Basecase

Table 7 The Number of LED Light Needed for the School
after Providing Daylight

72

SUHAIB NOOR WALI

Figure 59 17-Watt LED Light

The Total Energy Reduction from Passive and Active Strategies:
The energy saving from applying active strategies is impressive. The LED light and high
SEER HVAC system reduced energy consumption by 26%. However, the total reduction from
implementing passive and active strategies is 68% which reduced the energy consumption from
864,000 kwh to 260,000 (Figure 60). The energy reduction minimized the need for renewable
energy used to achieve Net-Zero building.

Passive Strategies

Active Strategies

Figure 60 the Total energy reduction after applying passive and active stragies.
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Building Energy Use Benchmark (EUI):
Based on the final simulation result of eQUSET, the annual energy consumption after
implementing passive and active strategies is 260,800 kWh = 7.9 kWh/ ft²
The EUI (Energy Use Intensity) for the proposal design is 7.9 x 3.145 = 24.84 kBtu/ft².yr (Figure
58)
Based on the average building EUI for an educational building, Net-Zero is achieved by
24 kBtu/ft².yr

implementing passive and active strategies to the existing school building (Al-Muna School).

24 kBtu/ft².yr

Figure 61 EUI after implymenting passive and active stratgies
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5.3 Renewable Energy Production:
The energy needed to achieve Net-Zero is: 260,000
Each panel produces 377 watts on average
The sun in Makkah is 7.2 hours/day
Number of PV = (0.377 X 7.2 X 365) / 260,000 = 263Panels (Figure 62).
Fixed tiled: Latitude for Makkah X 0.87 = 21.422487 x 0.87 = 16.7° toward south (Figure 63).

Figure 62 PV Panels in the Roof of the Building

Figure 63 the Tilting of the PV Paneles
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6

3D Views:

Figure 64 3D View showing the East and West Facing Facades

Figure 65 3D View Showing the Front yard of the School
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Figure 66 3D Rendering Showing the School Building from the Top

Figure 67 3D Rendering Showing the Mashrabiya in the East Facade
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7

Conclusion:
This research was conducted on an educational building in the hot-arid region of Makkah,

KSA, to examine the ability of achieving Net-Zero energy building efficiency for the purpose of
reducing the following: energy consumption, greenhouse gases that affect the environment,
reliance on fossil e fuels, as well as improving the environment for future generations. However,
this study is also part of the new Saudi 2030 vision that aims to reduce energy consumption and
find alternative sources of energy.
The author applies seven passive strategies and two active ones to minimize the need for
using renewable energy by reducing the building’s energy consumption. The passive strategies
used include double low- E windows, wall insulation, daylighting, shading devices, night-purge
ventilation, and HVAC operation. The active strategies include using SEER 19 HVAC units as
well as LED lights instead of standered ones. An energy simulation software (eQUEST) was
used to simulate the effectiveness of the strategies in the building. The total reduction from the
passive and active strategies was 68% of the total energy of the building. As a result, the EUI
was reduced from 83.26 kBtu/ft².yr to 24.83 kBtu/ft².yr, which meets the Net-Zero code for the
education sector. Finally,
The ministry of education in Makkah desires to change their buildings to be more energy
efficient as part of the new vision of Saudi Arabia. With more than 700 schools in Makkah with
the same prototype, this research can be an educational icon that can be used for other school
buildings to save energy and reduce the CO2 emissions which can be reduced with more than 275
thousand metric tons. Aside with reducing energy consumption and the reduction of CO2
emissions, Net-Zero energy school can also save government money which can be used for further
research and to improve the educational sector ((Figure 68). Moreover, the strategies utilized are

78

SUHAIB NOOR WALI

typical for the hot-arid region that cannot only apply to schools but can be modified to be
implemented in deferent buildings sectors such as residential and commercial.
This research supports the 2030 vision and beyond by generating Net-Zero energy
buildings that consume less energy resulting to lower CO2 production which lead to reducing the
impact of greenhouse gasses released into the atmosphere.

Figure 68 Total Reduction and Saving
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