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February 12, 2023 The thermal performance and lighting of buildings are two critical factors in
architectural designs due to the need for energy consumption while
establishing the residents' comfort. The design of the facade of the building as
an external shell is critical. This is because it is the place of heat exchange
between the building and the surrounding environment, absorption of solar
energy, and penetration of light into the interior environment. Theoretical
framework of the research was built on the high-performance architecture and
daylightophil architecture theories of optimizing energy consumption in
buildings with a special focus on useful daylight illuminance (UDI), spatial
daylight autonomy (sDA), annual sunlight exposure (ASE) and other critical
daylight factors. The research method in this study was descriptive-analytical.
With regard to the importance of educational spaces, the energy consumption
there and the central role of classrooms, this research deals with the south
facade of one of the classrooms in the Islamic Azad University of Semnan. It
has been investigated and simulated with the Rhino software, Grasshopper,
Ladybug, Honeybee, Energy Plus plugins, thermal performance analysis, and
the genetic algorithm in the Galapagos component by changing the dimensions
of the studied class windows. The findings of the research showed that, by
optimizing the classroom, energy consumption in the south wall would
decrease by 12%, and more than 50% of the classroom environment would
receive useful daylight. Based on the LEED evaluation method, both indexes
of the spatial adequacy of daylight and annual direct sunlight for lighting the
educational buildings obtained the necessary scores. The results also showed
that the form and arrangement of the apertures in the south wall of the studied
classroom were effective in receiving light and energy consumption, and the
highest illumination and the lowest energy consumption were apertures with
smaller dimensions and greater dispersion than the existing windows in the
climate of Semnan City.
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The limitation in energy resources and the significant increase in their consumption in Iran
compared to the world average have doubled the necessity of optimizing energy consumption in
this country. The thermal performance and lighting of buildings are two important factors in
architectural designs due to the need to consume energy and, at the same time, to establish comfort
of the residents. The design of the facade of the building as an external shell where the heat
exchange of the building and the surrounding environment occurs, the absorption of solar energy,
and the penetration of light into the interior environment are very important factors. Windows are
one of the most important components of building architecture and have always been of interest
from the point of view of thermal and cooling energy loss. This importance is for two basic reasons,
the heat transfer coefficient being higher than that of windows and the passage of most of the solar
radiation through them. The main goal of this research is to present an optimal model based on
positioning and changing the dimensions of windows through reducing energy consumption and
practical use of daylight in an educational building in Semnan City.

In this research, attention has been paid to the optimal pattern and environmental compatibility of
the southern walls of the educational buildings in Semnan City. The method of research and data
collection in this research was the examination of the form of windows and field observations in a
classroom with south-facing windows in Semnan Azad University. In order to validate the
software model and study the classroom lighting performance, the lighting intensity was measured
by a lux meter. The dimensions of the studied classroom were considered independent variables.
Also, the amount of energy consumption, the dimensions of windows, and lighting were
considered dependent variables. Simulation provides a set of methods and tools to evaluate real
systems, which is done by computer and software. Modeling in this research was based on a case
study with the Rhinoceros software and the Grasshopper plug-in. Then, using the Galapagos plug-
in optimizer engine, the most optimal mode was selected among the possible window arrangement
modes, daylight simulation was done using Ladybug, Honeybee plug-ins, and the Energy Plus
engine was used to analyze the thermal performance. The daylight indicators examined in this
research were selected from those that are more important and popular in daylight research and
standards. They include Useful Daylight Illuminance, Spatial Daylight Autonomy and Annual
Sunlight Exposure. The desirable sample was obtained from the software and was made using
wood materials on the scale of 1:7. To test the efficiency of this model, illuminance was measured
using a lux meter.

The results of evaluating the light intensity in the studied classroom proves the accuracy of the
software and shows that parts of the classroom receive less than 300 lux while the parts close to
the windows receive more than 500 lux of light. In this project, according to the dimensions of the
wall and the form of the windows, the grid is done on the wall, and the result of the optimization
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software shows that windows with dimensions of 13 x 13 cm to 65 x 65 cm are appropriate.
According to the findings, by optimizing the classroom through south-facing windows, the energy
consumption decreases by 12%, In the reference classroom, part of the place between the windows
receives useful daylight in less than 30% of the total time. This problem is not present in the
optimized sample. By using grids and windows designed in a decentralized manner on the surface
of the facade, more than 50% of the classroom environment can receive useful daylight
illuminance. The simulation results show that Spatial Daylight Autonomy is 94.7% and Annual
Sunlight Exposure is 10%. Both of these indices are acceptable. The examination of the Spatial
Daylight Autonomy indicates that a part of the classroom receives little light. To compensate for
it, the use of artificial light in very small quantities is suggested.

The results show that the form and arrangement of the apertures in the south wall of the studied
classroom are effective in receiving light and in energy consumption. The highest illumination and
the lowest energy consumption belong to apertures with smaller dimensions and greater dispersion
than the existing windows in the climate of Semnan City. Also, based on the certificate of optimal
energy consumption and environmental design, both Spatial Daylight Autonomy and Annual
Sunlight Exposure indices have obtained the necessary scores in the discussion of lighting for
optimized classrooms. So, the proposed model is acceptable.
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1. Spatial Daylight Autonomy (SDA)

2. Integrated Environmental Solutions Ltd
3. Annual Sunlight Exposure(ASE)
4.Energy Use Intensity

5. Leadership in Energy and Environmental Design
6. Daysim

7 .EnergyPlus

8. Radiance

9 .Galapagos

10 .Fitness

11. Genome

12. llluminance

13. Sunny with sun

14. Rhinoceros

15. Grasshopper

16. Ladybug

17. Honeybee

18. Open Studio

19. EnergyPlus Weather

20. HoneybeePlus
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