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Abstract: 
Hot arid and desert regions like the MENA, Middle East and North Africa, regions are characterized by high levels of solar 

radiation and high temperatures. Incoming solar radiation on buildings affect the thermal ad visual comfort of building 

occupants. Large glazed buildings allow solar radiation to get inside the building enhancing visual comfort, but also it 

affects thermal comfort and causes glare. 

The building envelope is the main mediator between the outdoor environment and solar radiation and the indoor of 

buildings in terms of visual and thermal comfort. Climate change resulted in excessive solar radiation which affects 

thermal and visual comfort in buildings. While solar radiation is considered a potential as renewable energy source, it is 

now a great challenge to be controlled inside buildings. Daylight can be optimized by different strategies in order to 
achieve thermal and visual comfort in buildings. This paper presents a study of how to achieve thermal comfort in hot arid 

climates using an Artificial Intelligence AI-controlled shading system. The proposed AI- controlled shading is applied to 

an office building in Egypt to check the reduction in energy consumption and enhancement in thermal comfort. This study 

concluded that the proposed AI- controlled shading system dropped the indoor temperature by 4°C and reduced energy 

consumption by 25% while thermal comfort complaints decreased by 77.78% and glare difficulties by 76%. 

Background  

Hot arid regions, such as the MENA (Middle East and North Africa), experience high levels of solar radiation and 

temperatures. Buildings in these regions, particularly those with large glazed surfaces, face challenges related to 

maintaining thermal and visual comfort for occupants. Traditional shading solutions often fail to adapt dynamically to 

changing environmental conditions, leading to issues like excessive heat gain, glare, and high energy consumption for 

cooling. 

Problem The main problem addressed in this paper is the difficulty of achieving indoor thermal comfort in office buildings 
located in hot arid climates without incurring high energy costs. Conventional shading devices, whether manual or 

automated, are often insufficient due to their lack of adaptability to the dynamic nature of solar radiation and glare. 

Objectives Investigate the impact of AI-controlled shading devices on indoor thermal comfort. Evaluate the potential 

energy savings from implementing AI-controlled shading in office buildings. Enhance thermal and visual comfort for 

building occupants through adaptive shading solutions. Provide a case study analysis in an office building in Egypt to 

demonstrate AI-controlled shading devices  

Significance The study aims to provide a sustainable solution for improving indoor thermal comfort while reducing energy 

consumption in hot arid climates. By leveraging AI, the proposed shading system can dynamically adjust to environmental 

changes, thus optimizing energy use and enhancing occupant comfort. This has significant implications for achieving 

energy-efficient building designs in regions with harsh climates. 

Methodology The research employs a deductive approach using both qualitative and quantitative methods: Case Study: An 
office building in New Cairo, Egypt, is selected for the case study. AI-Controlled Shading System: Development and 

implementation using Python programming and machine learning libraries such as Pandas, Scikit-Learn, TensorFlow, and 

Keras. Data Collection: Sensors are used to gather real-time data on temperature, occupancy, and solar radiation. Model 

Training: Machine learning models, including LSTM (Long Short-Term Memory) networks, are trained to predict optimal 

shading adjustments. Performance Monitoring: Continuous assessment of the system's impact on indoor temperature, 

energy consumption, and occupant comfort. 

Results The implementation of the AI-controlled shading system in the case study building yielded significant 

improvements: Indoor Temperature: Reduced by 4°C on average. Energy Consumption: Decreased by 25%, saving 

100,000 kWh annually. Occupant Complaints: Thermal comfort complaints reduced by 77.78%, and glare issues decreased 

by 76%. 
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