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Abstract 

The rise in energy consumption in the building sector, particularly in educational spaces that are 

continuously used and highly occupied, has become a major concern in sustainable design. In this 

context, employing passive strategies such as double-glazed windows and shading systems (both 

fixed and movable) can play an effective role in reducing cooling and heating loads, enhancing 

thermal comfort, and lowering operational costs. This study aims to assess the effectiveness of 

these two architectural elements in improving the thermal performance of primary schools, 

examining two case studies: Mehrayin Boys' Elementary School and Afarinesh Boys' Elementary 

School in the city of Rasht. The research utilizes energy simulation through DesignBuilder 

software to analyze different design scenarios. In these scenarios, the existing conditions of the 

schools were compared with proposed conditions including the use of double-glazed windows, 

fixed shades, and movable shades. The results indicate that the simultaneous use of double-glazed 

windows and movable shades provides the most optimal performance in reducing energy 

consumption and improving thermal comfort indicators compared to other configurations. These 

strategies are especially more effective in humid climates. In conclusion, suggestions are provided 

for optimizing the architectural design of schools with an emphasis on using passive elements and 

improving energy efficiency. 
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Extended Abstract 
Introduction 

Windows and shading systems are among the most significant components of buildings, particularly 

in regions with diverse climatic conditions, as they directly influence indoor energy performance. 

Double-glazed windows and shading systems are key technologies for optimizing energy consumption 

and enhancing indoor environmental quality. By minimizing energy losses, these systems help 

regulate temperature and daylight levels, thereby reducing overall energy demand and creating more 

comfortable indoor environments. Since climatic variations have a major impact on building 

performance, evaluating the efficiency of different systems under varying conditions can provide 

valuable insights for design improvement. This study focuses specifically on fixed and movable 

shading systems combined with double-glazed windows. With growing design challenges related to 

energy efficiency and the demand for sustainable and high-performance buildings, enhancing the 

thermal and visual comfort of educational buildings has become increasingly important. In this 

context, technologies such as double-glazed windows and fixed or movable shading devices are 

considered innovative strategies. However, assessing their effectiveness particularly in educational 

buildings—requires detailed, data-driven analysis. Accordingly, this research investigates Mehr Ain 

and Afarinesh elementary schools in Rasht as case studies to evaluate the impact of these systems on 

the energy performance of buildings. Fixed and movable shading systems can enhance indoor 

conditions and reduce energy costs by controlling sunlight penetration and limiting heat gain and 

direct radiation. This study seeks to answer the following questions: What role do fixed and movable 

shading systems play in improving the energy performance of educational buildings? Can combining 

double-glazed windows with these systems optimize indoor environmental quality and lower energy 

costs? The findings aim to identify the most effective configuration of these systems for application 

in educational buildings located in similar climatic regions. 

 
Data and Method 

 

This study employs energy simulation techniques to analyze the effects of different window and 

shading system configurations. In addition to simulation, a field investigation and analysis of real-

world data from selected school buildings in Rasht form the second phase of the research. Energy 

modeling and simulations are conducted using specialized software tools EnergyPlus and 

DesignBuilder to evaluate the thermal performance and energy consumption of the buildings across 

different seasons. In the field phase, data related to temperature, humidity, solar radiation, energy 

consumption, and thermal comfort are collected from two elementary schools in Rasht: Mehrayin 

and Afarinesh. These schools were selected as case studies due to their differing façade systems—

Mehrayin features double-glazed windows with fixed shading devices, while Afarinesh incorporates 

double-glazed windows with movable shading systems. Field data are gathered using environmental 

measurement instruments such as thermometers, hygrometers, digital thermometers and solar 

radiation sensors to ensure precise and reliable analysis. 

 
Results and Discussion 

 

The simulation results revealed that the use of movable shadings in Afarinesh School effectively 

reduced temperature fluctuations in educational spaces compared to the fixed shadings used in 

Mehrain School. During the summer, the average indoor temperature in Afarinesh classrooms was 

approximately 2–3°C lower than in Mehrain. In the winter, although double-glazed windows in both 

schools contributed to minimizing heat loss, the inability to adjust the fixed shadings in Mehrain 

limited solar radiation  gain, resulting in lower indoor temperatures. Subsequently, the annual 
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 energy consumption for cooling and heating systems was analyzed. A combination of field data and 

standard references was applied to estimate the annual energy demand for both heating and cooling 

in the selected schools. In the initial stage, average monthly consumption was obtained through 

interviews with school facility managers and by reviewing electricity and gas bills over the course of 

a school year (2022–2023) . These data were then extrapolated to determine the annual consumption 

levels. The collected information was compared and validated against standard benchmarks reported 

in reliable national and international sources to ensure the accuracy of the findings. In Afarinesh 

School, the use of movable shadings provided greater flexibility in controlling the intensity and 

duration of natural daylight, leading to a noticeable reduction in the need for artificial lighting. 

Conversely, in Mehrain School, where fixed shadings were installed, periods of excessive or 

insufficient daylight were observed during certain hours of the day. 

 

Conclusion 

The findings of this study which examined the combined effect of double-glazed windows with fixed 

and movable shading systems on the energy performance of educational buildings in the temperate 

and humid climate of Rasht demonstrate that these passive architectural elements play a crucial role 

in regulating environmental conditions and optimizing energy use. The analysis of simulation data 

obtained through DesignBuilder software revealed that movable shading systems, owing to their 

capacity to adjust according to the sun’s position throughout the day and across different seasons 
were more effective than fixed systems in reducing cooling loads. This effect was particularly evident 

during the warmer months  especially in the summer where the use of movable shading devices 

resulted in approximately a 25% reduction in cooling energy consumption compared to the baseline 

scenario. Moreover, integrating these shading systems with double-glazed windows significantly 

decreased heat transfer  thereby enhancing thermal comfort for occupants during school hours. 
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