EISSN: 27170136 Vol. 6, No.18, Spring 2025, 81-95

ISSN: 27170128 Journal of Urban Sustainable Development i E E y
https://usdjournal.daneshpajoohan.ac.ir/

usD J,durnal

A Comparative Study of the Types of Atriums Form and Skylight to
Improve the Energy Efficiency in Educational Buildings in Tehran

Ahmadreza Keshtkar Ghalati'*, Maryam Farahkhiz?

Received: 2023/10/30 Revised: 2023/12/25 Accepted: 2024/01/17 Published: 2025/05/05

Highlights

e Energy Efficiency Comparison: The study provides a comprehensive comparison of different atrium forms
(circular, square, rectangular) and skylight types (flat, spherical, cylindrical) to identify the most energy-efficient
design for educational buildings in Tehran.

e Optimal Atrium Design: Results indicate that the circular atrium form combined with a flat skylight significantly
reduces total energy consumption, highlighting the importance of geometrical characteristics in optimizing energy
efficiency.

e Simulation and Analysis: Utilizing Design Builder software and Energy Plus engine for detailed simulations, the
research offers valuable insights into the impact of atrium and skylight design on heating, cooling, lighting, and
overall energy usage in educational spaces.

Extended Abstract

Intoduction

This study investigates the impact of atrium form and skylight design on the energy efficiency of educational buildings
in Tehran. Atriums, serving as passive light absorbers, not only enhance the psychological well-being by connecting
indoor and outdoor spaces but also pose a challenge in managing heat during hot seasons. Without proper ventilation
and shading, atriums can significantly increase cooling loads. The aim is to identify optimal atrium designs that balance
light intake and energy consumption.

Theoretical Framework

The theoretical framework for this research is based on previous studies that highlight the importance of geometric
characteristics in atrium daylighting performance. Key features such as skylight systems, atrium form, and surrounding
interfaces are examined to understand their influence on energy efficiency. This study expands on the existing literature
by providing a comparative analysis of different atrium and skylight configurations.

Methodology

The research utilizes Design Builder software for data simulation and analysis, leveraging the Energy Plus engine for
precise calculations. Three atrium forms (circular, square, and rectangular) with identical areas are initially simulated.
Subsequently, three types of skylight roofs (flat, spherical, and cylindrical) are evaluated for their impact on energy
consumption. The simulations provide insights into the optimal design parameters for minimizing energy usage in
educational buildings.

Results & Discussion

The results indicate that among the three atrium forms, the circular plan demonstrates the lowest total energy
consumption at 215.5 MWh, followed by the square and rectangular plans. The circular atrium with a flat skylight
shows the most effective energy efficiency at 207.1 MWh, compared to other skylight configurations. These findings
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underscore the importance of selecting appropriate atrium and skylight designs to enhance energy efficiency in
buildings.

Conclusion

In conclusion, the study highlights that the circular atrium form combined with a flat skylight roof significantly
optimizes energy consumption in educational buildings. These insights can inform architectural designs and contribute
to sustainable building practices in Tehran and similar climates. Further research may explore additional variables and
broader applications to generalize the findings.
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