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Abstract: Globally, buildings are experiencing a significant surge in energy
Mohamed Mahmoud consumption due to climate change and rapid population growth. Within the
Hassan Abd Elregal’ Egyptian context, the building sector accounts for approximately 66-74% of
total electricity consumption (Egyptian Electricity Holding Company, 202 ¢),
necessitating a comprehensive revision of Egypt's building codes to incorporate
sustainable design standards that mitigate this excessive consumption. This is
particularly critical for educational buildings, which constitute a substantial
portion of this consumption share. This study employs an integrated digital
modeling methodology to enhance energy efficiency in educational buildings

Keywords located in hot climatic zones. The research proposes implementing the Nearly
Energy Efficiency - Zero-Energy Building (nZEB) concept, which combines energy conservation
Near-zero energy strategies through optimization of the building envelope's thermal properties
buildings (nZEB) - with the integration of renewable energy solutions. The methodology was
Hot climate - Public applied to a case study of a public school in Hurghada City, Red Sea
schools - Thermal Governorate. Multiple scenarios were evaluated, including: Thermal insulation
insulation improvements for roofs and walls Enhanced window and opening efficiency

Optimization of HVAC systems Integration of photovoltaic solar systems The
results After implementing the redesign scenario for Al-Bahr Al-Ahmar School
in Hurghada demonstrate a potential 45% reduction in energy consumption
through building envelope improvements alone, with the possibility of
achieving up to 65% energy savings when renewable energy systems are
incorporated. This study provides a methodological framework that can be
generalized to educational buildings in hot-arid regions, while accounting for
site-specific climatic characteristics.

1. Introduction

Amid escalating global environmental challenges posed by climate change and surging energy
demand, improving energy efficiency in the building sector has become critically important.
Buildings account for nearly 40% of global energy consumption and 36% of energy-related
CO: emissions, according to the International Energy Agency (IEA, 2022). This issue is
particularly pressing in developing countries with hot climates, such as Egypt, where public
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schools consume an estimated 8—12% of the total energy used by government, yet many lack
basic energy-efficient designs (Ministry of Education, 2021). [1].

This study focuses on analyzing the key energy consumption challenges confronting public schools
in Egypt, which include: (1) reliance on traditional architectural designs incompatible with hot
climate requirements, (2) inadequate thermal insulation systems, (3) use of inefficient cooling
systems, and (4) limited utilization of renewable energy sources. The research aims to develop an
integrated methodological framework for transforming these educational facilities into near-zero
energy buildings, thereby contributing to environmental and economic sustainability. [2]. The
significance of this study lies in its attempt to address a notable research gap in the literature
concerning near-zero energy building applications in hot climates, particularly within the Egyptian
context. Furthermore, the study provides practical solutions for stakeholders in the education and
urban development sectors. An additional contribution of this work stems from the scarcity of
applied research on this topic in Egypt's specific environment. The study presents a scalable model
that could be extended to other types of public buildings, supporting the achievement of national
sustainable development goals.

2. The Main Objective of The Research:

This study examines the potential for converting educational buildings—particularly public schools

into nearly zero-energy buildings (nZEBs) through a dual-phase strategy:

(a) reducing energy demand by optimizing the building envelope, thermal insulation, and passive
lighting and ventilation systems

(b) Meeting the remaining energy needs through solar power integration.

3. Zero-Energy Schools (ZES) :

The refers to educational facilities designed to balance their annual energy consumption with
equivalent energy production. These schools rely on an integrated combination of energy-efficient
building design, renewable energy sources, and smart energy management systems to achieve this
goal. This model represents a pioneering sustainable solution in the education sector, as it reduces
carbon footprints while optimizing resource efficiency. Shown in Fig. 1. [3]

4. Zero-Energy Schools'" (ZES) citrine:

4.1 Improving natural light:

Natural lighting in schools are among the most important components that contribute to enhancing
the quality of the educational environment. They play a role in improving concentration,
productivity, and visual and psychological well-being. [6]

4.1.1 Application for natural lighting :

4.1.1.1 Robotic Solar Mirrors :

Smart Automated Mirrors (Installed on School Rooftops) That Track the Sun and Redirect Light
Indoors Through Specific Openings Artificial intelligence algorithms are employed to optimize the
reflection angle based on the time of day and weather conditions. Shown in Fig. 2. [7]
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Fig.2. (A) Robotic Solar Mirrors source [8]

4.1.1.2 Bio facades with Microalgae :
Microalgae (such as Spirulina or Chlorella) are cultivated within double-glazed glass panels
featuring an integrated aqueous nutrient flow system. The microalgae absorb CO: and release
oxygen via photosynthesis while simultaneously filtering natural light. Shown in Fig. 3. [9]
Benefits in Educational Settings:

1. Air Purification: Reduce indoor carbon dioxide levels by up to 80% within classrooms.

2. Thermal and Phototropic Insulation: The algae absorb excess heat and diffuse light
evenly, minimizing glare.
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Fig.3. (A) and (B) Bio facades with Microalgae source [10]
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4.1.1.3 Liquid Light Windows :
These windows incorporate nanofluidic systems (e.g., smart liquid crystals) that dynamically
modulate optical properties in response to electrical or photonic stimuli. A key feature is their

ability to convert ultraviolet (UV) radiation into visible light, effectively doubling ambient natural
illumination without associated heat gain. Shown in Fig. 4. [11]
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Fig.4. (A), (B) and (C) Liquid Light Windows source [12]

4.1.1.4 Artificial Photosynthesis Walls:

Wall surfaces coated with photocatalytic nanomaterials (e.g., nano-titanium dioxide/Ti0O2) that:
(a) Absorb CO: and release oxygen via light-activated redox reactions. Shown in Fig. 5. [13]
(b) Homogenously scatter sunlight, eliminating glare while maintaining luminous efficacy.

Functioning as synthetic plants, these systems operate without irrigation or organic substrates.
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Fig.5. (A), (B) and (C) Artificial Photosynthesis Walls source [14]

4.1.2 Light-Reflective Paint Technologies for Educational Facilities :
4.1.2.1 (Luminous Paints) :
They absorb light during the day and emit it faintly at night. Made from non-toxic materials such as
strontium aluminate, their benefits in schools include:
o Uniform Light Distribution: Reducing the need for artificial lighting. Shown in Fig. 6. [15]
o Student Health: Minimizing glare and visual fatigue.

4.2 Improving natural Ventilation:

4.2.1 Wind Catcher Tower Design:

Represent an optimal ventilation solution for educational buildings, combining energy efficiency
with measurable improvements in learning environments. The tower structure is elevated above the
building's roofline, incorporating an enlarged intake aperture designed to capture and channel
airflow downward through a vertical ventilation shaft. Shown in Fig. 7. [17]
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Fig.7. (A), (B) and (C) Wind Catcher Tower source [16]

4.2.2 Cross-Ventilation Works:
e Opposing Openings:
Cross-ventilation relies on having windows or other openings on two opposite walls of a room Shown in Fig. 8.[19]
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Fig.8. (A), (B) and (C) Cross-Ventilation Works source [20]

4.3 Improving Thermal insulation:

4.3.1 Phase Change Materials (PCMs) :

Phase change materials (PCMs) are substances capable of absorbing or releasing significant
amounts of thermal energy during melting and freezing processes (solid-liquid phase transition).
This characteristic renders them highly effective for thermal energy storage and temperature
regulation in diverse applications. Shown in Fig. 9. [2]]
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Fig.9. (A) and (B) Phase Change Materials (PCMs) source [22]

4.3.2 Cool Coatings:

Summer seal Cool Roof Coating is a specially formulated solution designed to extend the lifespan
of both new and pre-existing built-up, metal, concrete, and composite roofing systems by applying a
highly reflective white protective layer. The advanced reflectivity of Summer significantly reduces
roof substrate temperatures, thereby enhancing durability while simultaneously lowering energy
consumption costs. Shown in Fig. 10. [23]
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Fig.10. (A), (B) and (C) Cool Coatings source [24]

4.3.3 Coated with a dark, heat-absorbing material and covered (TROMBE WALLS) :

is a passive solar heating system consisting of a thick, dark-coloured thermal mass behind glass,
with vents for natural convection. It absorbs sunlight, stores heat, and releases it gradually, reducing
energy consumption in cold climates. Shown in Fig. 11. [25]
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Fig.11. (A) and (B) Trombe walls source [26]

4.4 Improving sun shading:

4.4.1 Al-Powered Automated Shading System:

It relies on artificial intelligence algorithms to predict the movement of the sun and precisely adjust
the shading. Shown in Fig. 12. [27]
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4.4.2 Radiative Cooling Materials

Radiative cooling materials (RCMs) enhance school buildings by passively lowering indoor
temperatures through infrared emission, reducing cooling energy demands. These materials (e.g.,
TiO2 coatings or multilayer films) improve thermal comfort, student focus, and sustainability.
Challenges include initial costs. Shown in Fig. 13. [29]
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Fig.13. (A) and (B) Radiative Cooling Materials source [30]
5. Methodology for Optimizing Energy Efficiency in Existing Public Schools Through
Computational Modeling :

An analytical approach was adopted to develop a net-zero energy methodology for educational
buildings in Hurghada. Shown Fig. 16. The study involved:
(a) Climate and Site Analysis: Assessing Hurghada solar exposure, coastal humidity, and
wind patterns to define energy performance benchmarks.
(b) Performance Criteria: Establishing targets aligned with global net-zero standards,
focusing on passive design and renewable energy integration.

6. Reasons for Selecting Educational Buildings:

Educational buildings were chosen for this study due to their high energy consumption, especially
in hot climates like the study area (Hurghada), making them an ideal environment for applying Net-
Zero Energy technologies. These buildings provide an opportunity to integrate renewable energy
solutions and sustainable design with educational functions, enhancing energy efficiency and
reducing carbon emissions.The research aims to transform educational buildings in Hurghada into
pioneer model of sustainability by utilizing advanced technologies such as solar power systems,
high-performance thermal insulation, and Al-enhanced natural ventilation. This improvement will
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not only reduce operational costs but also contribute to green city goals, with potential for broader
application in similar regions.

7. Criteria for Selecting the Study Area: Hurghada

1. Climatic Conditions:
A hot desert climate with high solar radiation (>2200 kWh/m?/year) and temperatures exceeding
35°C, significantly increasing cooling demands in educational buildings.

2. Urban Context:
A rapidly growing city requiring sustainable solutions to reduce energy consumption in schools
and universities, supported by initiatives like Green Star Egypt.

3. Data Availability:
Reliable climatic and energy data from local authorities, with results applicable to similar
coastal regions. Shown Fig.14.
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Fig.14. (A) and (B) Information about Study Area: Hurghada source [31]

56

8. Software for Design & Simulation

o Revit : Created parametric 3D models of school prototypes with automated design iterations

e Insight: Conducted LEED-aligned energy modeling for Hurghada's climate (solar/shading analysis)

e Climate Consultant and ecotect: Simulated HVAC loads reduction (40-50%) through
passive cooling strategies

o PVsyst: Optimized rooftop solar arrays to achieve net-zero energy targets

8.1 Impact on Hurghada's Context Accurate calibration of:
(a) Solar exposure models (reducing cooling loads by 35%)
(b) Natural ventilation efficiency (30% A/C dependency decrease)
(c) Renewable energy yield
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Fig. 15 . Methodology Optimizing Energy Efficiency in Existing Public Schools Through
Computational Modeling Source: researcher
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9. Experimental methodology:

9.1 Case Study in Egypt (Al Bahr Al Ahmar School in Hurghada ) :
9.1.1 Make analysis for location using Climate Consultant:
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Fig. 16 . Analysis for location using Climate Consultant source researcher

9.1.2 Climate Analysis Findings:

(a) Limited Natural Comfort Periods:
o Only 26.3% of annual hours fall within the natural comfort zone.
o 73.7% of the year requires active/passive cooling or heating strategies.
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(b) Dominant Climate Challenges:
o Extreme daytime heat (>30°C for most of summer).
o Low humidity enhances evaporative cooling potential.
o Limited wind impact
(c) Critical Design Windows:
o Sun shading required for 24.1% of year
o Evaporative cooling viable for 48.2% of year
9.1.3 Proposed Passive Design Strategies:
1. Evaporative Cooling :
e Direct Evaporative Cooling: Effective for 22.1% of the year
e Two-Stage Evaporative Cooling: Optimal for 26.1% of the year
2. Natural Ventilation & Night Flushing:
« Natural Ventilation: Useful for 12.7% of the year
e High Thermal Mass + Night Flushing: Applicable for 8.6% of the year
e Recommendation:
o Cross-ventilation design with opposing windows.
o Use thermal mass materials (e.g., concrete, stone) to delay heat transfer.
3. Sun Shading :
 Required for 24.1% of the year
Recommendation: Horizontal overhangs for south-facing windows.
9.1.4 Abbreviated Priority Strategies :

Strategy Effectiveness Key Application
Evaporative Cooling 48.2% of year (combined) Arid climate optimization
Natural Ventilation 12.7% of year Cross-ventilation in classrooms

Sun Shading 24.1% of year South/west window protection
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9.1.2 Using Revit : To make 3d model for school
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Fig. 17 . Some proposed alternative solutions source researcher
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9.1.3 Some proposed alternative solutions in class:

Velux simulation tools

Fig. 18. Some proposed alternative solutions in class source researcher

9.1.4 using Revit + insight
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9.1.5 Energy Performance Improvement Hurghada School Design:
Cumulative Energy Reduction: 54.5% (from 220 to 100 kWh/m?/yr) shown in Table .1.

Table .1. Energy Performance Improvement Hurghada School Design

Pre-Implementation Post-Implementation Reduction
solutions Energy Use Energy Use (%) Key Mechanism
(KkWh/m?/yr) (KkWh/m?/yr) ?
Baseline Design 220 - - Conventlo.nal
construction
Dynamic
Liquid Light
lqlfld '8 220 198 10% transparency control
Windows : q
+ PV integration
Al-Powered Real-time solar angle
1 1 15°
Shading System o8 68 % adaptation
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Pre-Implementation Post-Implementation .
. Reduction -
solutions Energy Use Energy Use (%) Key Mechanism
(KWh/m?/yr) (KWh/m?/yr) ¢
Passi 1
Trombe Walls 168 151 10% ASSIVe so'ar
heating/cooling
Green Algae Bio-photovoltaic
109
Electricity 151 136 % panels
Wind Catcher 136 126 7% Passive ventilation
cooling
Central Court o Microclimate
Design 126 119 % creation
Light Shelves 119 112 6% Daylight optimization
Optical Fiber 12 106 59, Direct sunlight
Lighting ° transport
Luminous o Reduced artificial
Paints 106 100 6% lighting needs

10 Result and Conclusion:

The implementation of energy-efficient technologies including enhanced thermal insulation, solar
shading, renewable energy integration, and passive ventilation strategies—has demonstrated the
feasibility of transforming conventional schools into near-zero energy buildings (NZEBs) in hot
desert climates.40-60% Reduction in Energy Consumption The achieved energy savings align with
the Egyptian Energy Code’s targets for sustainable buildings, calculated as:

Energy Savings

Energy Savings (%) = (l — Eli) x 100
pre

where:

o Epre: Pre-retrofit energy consumption (kWh/m?/year)

o Epost: Post-retrofit energy consumption (kWh/m?*year).
This reduction stems from:

o Passive design (30—40% savings) through improved thermal insulation (UU-values reduced

to 0.35-0.5 W/m?K) and solar shading.
e Renewable energy (10-20% savings) via photovoltaic (PV) systems

Ehoaq % Solar Fraction

Pev = 35 Efficiency x GHI

where GHI is global horizontal irradiation (kWh/m?/day).
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(a) Reduction in Energy Consumption :
A significant energy saving compared to traditional schools in hot desert climates. Substantially
lower electricity bills, freeing up financial resources that can be reinvested in improving
educational infrastructure.

(b) Compliance with Egyptian Codes While Enhancing Sustainability
Implementation of the Egyptian Building Codes while improving environmental performance without
violating regulations. Integration of sustainable solutions tailored to local climatic conditions.

(c) Improved Thermal Performance and Environmental Comfort
Reduced reliance on mechanical cooling due to enhanced thermal insulation and window
shading. Use of heat-reflective building materials (e.g., light colors and insulating materials).
Optimized natural ventilation to decrease dependence on air conditioning systems.

(d) Utilization of Renewable Energy
Installation of solar energy systems (photovoltaic or solar water heating) to reduce grid dependency.
Potential to achieve partial energy self-sufficiency for the school.

(¢) Enhanced Environmental Awareness
Transforming the school into an educational model for sustainability, encouraging students and
the community to adopt eco-friendly practices.
Potential use of the school as a case study for green projects in desert regions.

(g) Scalability and Broader Applicability

Demonstrating that retrofitting existing schools into sustainable buildings is feasible and
effective, even in harsh climates like Hurghada.

11. RECOMMENDTION:

(A) Design and Technical Interventions
e Prioritize Passive Design: Enforce the use of reflective materials, thermal insulation, and
natural ventilation in all school designs to minimize mechanical cooling needs.
e Solar Energy Integration: Require feasibility studies for solar panel installations in schools
(B) Financial and Operational Strategies:
e Redirect Savings to Education: Develop clear guidelines for reinvesting cost savings from
reduced electricity bills into educational infrastructure (e.g., labs, digital tools).
(C) Capacity Building and Awareness :
e Training for Stakeholders: Conduct workshops for architects, engineers, and school
administrators on implementing Egyptian Building Codes with sustainability upgrades.
e Student and Community Engagement: Integrate the retrofitted school into curricula as a
"living lab" for environmental education, fostering long-term behavioral change.
(D) Government and Institutional Roles
e Ministry of Education Leadership: Create a dedicated unit for "Green Schools" to oversee
implementation, compliance, and funding allocation.

Reference:

[1] Belaid, Fateh, Aisha Al-Sarihi, and Raed Al-Mestneer. "Balancing climate mitigation and energy security
goals amid converging global energy crises: The role of green investments." Renewable Energy 205
(2023): 534-542.

[2] Saleem, Ahmed A., "An analysis of thermal comfort and energy consumption within public primary
schools in Egypt." IAFOR Journal of Sustainability, Energy & the Environment 3.1 (2016).

281



Optimizing Energy Efficiency in Existing Public Schools Through Computational Modeling (Case Study of a Basic...

[3] Zaferanchi, Mahdiyeh, and Hatice Sozer. "Effectiveness of interventions to convert the energy
consumption of an educational building to zero energy." International Journal of Building Pathology
and Adaptation 42.4 (2024): 485-509.

[4] https://www.levittbernstein.co.uk/now/sustainability-in-schools-a-pathway-to-net-zero/ (9/5/2025)

[5]https://inhabitat.com/nycs-first-net-zero-school-surrounds-students-with-colorful-
sustainability/(10/5/2025)

[6] Gyure, Dale Allen. "The classroom as healthy pavilion: Fresh air, natural light and student bodies in
19th-and 20th-century American schools." The Curriculum of the Body and the School as Clinic.
Routledge, 2023. 127-145.

[7] Fernandez-Ahumada, Luis Manuel, "Use of polar heliostats to improve levels of natural lighting inside
buildings with little access to sunlight." Sensors 22.16 (2022): 5996.

[8] https://www.ebay.com/itm/374904757812 (15/5/2025)

[9] Pozzobon, Victor. "Microalgae bio-reactive facade: A model coupling weather, illumination,
temperature, and cell growth over the year." Renewable Energy 237 (2024): 121545.

[10] Talaei, Maryam,"Thermal and energy performance of a user-responsive microalgae bioreactive fagade for climate
adaptability." Sustainable Energy Technologies and Assessments 52 (2022): 101894,

[11] Zaky, Zaky A., and Arafa H. Aly. "Novel smart window using photonic crystal for energy
saving." Scientific Reports 12.1 (2022): 10104

[12] Shen, Wenbo, and Guogqiang Li. "Recent progress in liquid crystal-based smart windows: materials,
structures, and design." Laser & Photonics Reviews 17.1 (2023): 2200207.

[13] Zhang, Zhenwei,."Benzotrifuran-Based Covalent Organic Frameworks for Artificial Photosynthesis of
H202 from H20, 02, and Sunlight." Angewandte Chemie (2025): €202505286.

[14] Kathpalia, Renu & Verma, Anita. Artificial Photosynthesis an Alternative Source of Renewable
Energy: Potential and Limitations.(2023) : 10.5772/intechopen.111501.

[15] Nuzrat, Soniha. "The Value of Daylighting Children's Health and Well-Being in School Buildings."
Volume 9, Issue 11, November — (2024) ISSN No:-2456-2165

[16] https://shop.smarterlite.com/product/photoluminescent-paint/ (25/5/2025)

[17] Ma, Qingsong,"Performance of windcatchers in improving indoor air quality, thermal comfort, and
energy efficiency: A review." Sustainability 16.20 (2024): 9039.

[18]https://canaltech.com.br/eletro/ar-condicionado-iraniano-de-2000-anos-ainda-funciona-e-nao-gasta-
energia/f#tgoogle vignette (27/5/2025)

[19] Fu, Xiaohui, "Opening configurations and natural cross ventilation performance in a double-loaded multi-level
apartment building: A CFD analysis." Building and Environment 254 (2024): 111404.

[Y+] Haddad, Shamila, "On the potential of demand-controlled ventilation system to enhance indoor air
quality and thermal condition in Australian school classrooms." Energy and Buildings 238 (2021):
110838.

[Y1] Togun, Hussein, "A critical review on phase change materials (PCM) based heat exchanger: different
hybrid techniques for the enhancement." Journal of Energy Storage 79 (2024): 109840.

[Y2] https://thermtest.com/phase-change-material-pcm (01/6/2025)

[Y3] Montazeri, Sh, "Current Trends in Cool Coating Technology." Progress in Color, Colorants and
Coatings 18.2 (2025): 219-232.

[ Y4]https://econaur.com/product/summer-seal-cool-roofcoating/?srsltid=AfmBOogWx5HfccmMW -
QsYbGpAvzK x6CSNpARiLiVg FudduvmMzQK3B(01/6/2025)

[Ye] Kang, Seong Taek, "Advanced Trombe wall fagade design for improving energy efficiency and
greenhouse gas emissions in solar limited buildings." Solar Energy 293 (2025): 113492.

[Y1] Xiao, Yuling, "Review of Trombe wall technology: Trends in optimization." Renewable and
Sustainable Energy Reviews 200 (2024): 114503.

[Y7] Lee, Meng-Hsin,"An Artificial Intelligence-Powered Environmental Control System for Resilient and
Efficient Greenhouse Farming." Sustainability 16.24 (2024): 10958.

[ Y8]https://www.worldconstructiontoday.com/articles/ai-automated-shading-powering-next-gen-smart-
systems/ (20 /6/2025)

282


https://www.levittbernstein.co.uk/now/sustainability-in-schools-a-pathway-to-net-zero/
https://inhabitat.com/nycs-first-net-zero-school-surrounds-students-with-colorful-sustainability/
https://inhabitat.com/nycs-first-net-zero-school-surrounds-students-with-colorful-sustainability/
https://www.ebay.com/itm/374904757812
https://shop.smarterlite.com/product/photoluminescent-paint/
https://canaltech.com.br/eletro/ar-condicionado-iraniano-de-2000-anos-ainda-funciona-e-nao-gasta-energia/#google_vignette
https://canaltech.com.br/eletro/ar-condicionado-iraniano-de-2000-anos-ainda-funciona-e-nao-gasta-energia/#google_vignette
https://thermtest.com/phase-change-material-pcm
https://econaur.com/product/summer-seal-cool-roofcoating/?srsltid=AfmBOoqWx5HfccmMW-QsYbGpAvzK_x6CSNpARiLiVq_FudduvmMzQK3B
https://econaur.com/product/summer-seal-cool-roofcoating/?srsltid=AfmBOoqWx5HfccmMW-QsYbGpAvzK_x6CSNpARiLiVq_FudduvmMzQK3B
https://www.worldconstructiontoday.com/articles/ai-automated-shading-powering-next-gen-smart-systems/
https://www.worldconstructiontoday.com/articles/ai-automated-shading-powering-next-gen-smart-systems/

JES, Vol. 54, No. 2, Pp. 266-287, March 2026 DOI: 10.21608/jesaun.2025.403633.1611 Part E: Architectural Engineering

[Y9] Wang, Cunhai, Hao Chen, and Fugiang Wang. "Passive daytime radiative cooling materials toward real-
world applications." Progress in Materials Science 144 (2024): 101276.

[30] Woo, Ho Young, "Colloidal inorganic nano-and microparticles for passive daytime radiative
cooling." Nano Convergence 10.1 (2023): 17.

[31] https://www.climamed.eu/wp-content/uploads/files/Egypt-Governorate-of-Hurghada-Sustainable-
Energy-and-Climate-Action-Plan-(SECAP).pdf (24 /6/2025)

283


https://www.climamed.eu/wp-content/uploads/files/Egypt-Governorate-of-Hurghada-Sustainable-Energy-and-Climate-Action-Plan-(SECAP).pdf
https://www.climamed.eu/wp-content/uploads/files/Egypt-Governorate-of-Hurghada-Sustainable-Energy-and-Climate-Action-Plan-(SECAP).pdf

Optimizing Energy Efficiency in Existing Public Schools Through Computational Modeling (Case Study of a Basic...

¢ gadlall

Ol (8 a ad) S il g F Ll Had Cavnny AU @B (85 5aS B0k ) (Alall 3¢5 (Galle
Aol Al ya o Yl Laa ¢ oLy oS @Bl Maa) (o 7Y £217 G iy Lo Slad) glad iy ¢ s uadll
Al el 138 5 Ja jiall OGN 138 (e aidS Al alvia) apanaill julre Gpaail 4 jeadll Ll (gl 68
Al all o2 aadias A WY daall sda (e 1S 12 S IS ) dpadel) ilall uals daaYl
Boladl alial glaliall 8 4a8) gl dpadell  SLall 8 48UD 3 LS ) jet] ALalSal) dpad ) A daill dpngria
Sl jind G paa ) ¢ (NZEB)l i 5 ieall Al élginl il bl o sgda Gaadai Gl - 53
Cre A8l e Lleal)
e Aangia) uki &5 saaaiall Al Jgla ad pe aall o Al G i all (atliadd) cuusd Bla
i (il gy b Bae Al i s jeal) el Adailace 483 jall Aie L dge S A el Al A

Ol iU (g ) all Jadl s o

Calaial) g 280 gill 3o le i jat o

45 sl g Asnil) Audail pend o

4 s 5 Sl Apatd) A8UY dadail ey o
780 Ly i (3Aa ApiSa) 483 2l Al el d jae areai Bale ] gyl Gadad aey il < ekl
700 (A a5 (ia AilSa) ae et aall o LA CDlall il A (e 48U eDlginl &
Ghlidl 8 dalail) bl e dagest (S Uagia ) 5Ua) 4l jall 028 aaf 3oaaciall 48Ul dakail es 2ic
2850 (S aaaall Apaliall (ailiadll sle) yo pa dilall 5 Al
Aol cilalgl

ol Jadl - A sSall G laall - jlall Ll - d8Uall 4y jiea 4nd Sl A8l 50 US

284



