Quarterly Scientific Journal of National University of Skill
Winter 2026, Vol. 22, No. 4, p. 13-34

Journal Homepage: https

d

National
University

karafan.tvu.ac.ir/?lang=en

:10.48301 /kssa.2025.502783.3130

Optimal shade evaluation for openings in a university
building with the aim of reducing energy consumption

Leila Sadat Hamidian Divkolaeil'”,

1 Department of Architecture and Urban Planning, Faculty of Civil Engineering and Architecture,
Technical and Vocational University (TVU), Tehran, Iran. ORCID ID:0000-0003-1277-1251

ARTICLE INFO

ABSTRACT

Article Type:
Original Research

Received:
Revised:
Accepted:

Keyword:

Energy Consumption, Genetic
Algorithm, Shading Devices,
Educational Building

*Corresponding Author:
Leila Sadat Hamidian Divkolaei
Email: lhamidian@tvu.ac.ir

In recent years, excessive energy consumption has led to the
identification of various factors influencing energy use in
buildings and the development of strategies to reduce
consumption. One of the key factors affecting energy consumption
in buildings is the building envelope, including windows and
openings. Therefore, this study aims to evaluate the impact of
shading devices on cooling and heating energy consumption in the
buildings of a university complex. The selected case study is the
buildings of the National Skill College for Girls in Babol. Energy
consumption for cooling and heating in these buildings was
analyzed by considering the presence of shading devices,
optimizing conditions, and keeping other building specifications
constant, using a genetic algorithm process.

The overall findings of this research indicate that cooling energy
consumption peaks in July and August, during which the presence
of shading devices can significantly reduce energy usage.
Moreover, the optimization results revealed that the optimal
angle for shading devices to achieve maximum energy reduction
in the studied buildings is approximately 63 degrees. Another key
finding of the study highlights that implementing shading devices
on the southern facade of the buildings results in greater energy
savings compared to other facades
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EXTENDED ABSTRACT

Introduction

Buildings are among the most critical sectors in terms of energy consumption. In both developing and developed
countries, energy consumption in buildings accounts for approximately 40%. With the global population increasing and
urbanization expanding in many regions, energy consumption is on the rise. Therefore, energy conservation is
considered as one of the primary strategies in the energy sector across many countries [1], [2], [3], [4].

In recent years, the emphasis on expanding and developing educational spaces within the global construction
industry, has gained widespread attention maintaining high quality, and focusing on promoting and developing
sustainable construction with an emphasis on green universities [5]. Among the various components of a building,
building envelopes, which have the most interaction with the environment, account for about 75% of the total heat load
gain or loss in a building [6]. In this context, reducing energy consumption in educational buildings has highlighted the
importance of designing optimal features for openings to achieve adequate daylighting and reduce energy consumption
[7]. Windows are building components that can be assessed in terms of light and view due to environmental and
psychological considerations [8].

windows, due to their structural characteristics, may not always provide sufficient thermal comfort indoors.
Therefore, to reduce energy consumption, it is necessary to incorporate shading devices tailored to the climatic
conditions. Properly designed shading devices can offer numerous benefits, including reducing heat transfer to the
interior and controlling glare to enhance visual comfort [9].

Consequently, the design of shading devices should aim to optimize indoor thermal comfort and reduce energy
consumption. This represents a high-dimensional and complex multi-objective optimization problem [2].

Numerous studies have been conducted to investigate the factors influencing energy consumption in buildings.
Among these, the significant role of openings and shading devices as crucial and impactful elements in reducing energy
consumption has received particular attention. Accordingly, this research aims to practically and tangibly evaluate the
necessity of using optimal shading features in an educational building at the National Skills University (case study: Babol
Girls National Skills Training College), taking into account the climatic characteristics of this city.

Methodology

The research methodology employed in this study is of a mixed nature, utilizing tools such as literature review,
observation, and computer simulations. In the first phase, the Energy Consultant software was used to obtain the
region's climatic data. The weather file for the Qarakhil meteorological station (located in Babol) in EPW format was
downloaded from the Climate Data website (https://climate.onebuilding.org/) and incorporated into the climatic
information section of the aforementioned software.

In the present study, the modeling of the academic building and energy-related analyses were conducted using Rhino
software, the Grasshopper plugin, and extensions such as Ladybug, Honeybee, and others. Initially, after modeling the
building and defining the weather file, the climatic characteristics of the target city were extracted again using the
Ladybug plugin. Climate analyses were performed, including the amount of solar radiation received by the site and
building, the number of hours of sunlight received by the site and building, and the sky view factor(figure 1).

Given the building's orientation (east-west elongation) and the lack of shading devices, many spaces experience
excessive heat during the spring and especially in summer, while becoming significantly cold in the winter. Therefore, in
this case study, the energy consumption required for heating and cooling to ensure indoor thermal comfort was analyzed.
Since the research focuses on energy consumption influenced by openings and shading structures, the study is
considered a single-variable optimization problem aimed at reducing energy consumption.

In this context, one of the advanced plugins of Grasshopper software is the Galapagos extension, which is specifically
designed for solving optimization problems. In the single-variable optimization process, this tool adjusts the target
variable within a defined range to identify the optimal value for the objective function.
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Figure 1.
Amount of Solar Energy (Watts per Square Meter),
, Hours of Direct Sunlight Received on the Site and Building,
Sky View Percentage / Source: Author

Climatic studies indicate that in the mentioned buildings, the highest amount of solar radiation is received on the
southern facade of the building as well as on its roof.

Given that the hypothesis of this project focuses on examining the role of shading devices in controlling energy
consumption in various parts of the building, at this stage, the shading device is considered the main variable, while
other variables are held constant. Figure 2 illustrates the overall energy consumption intensity as well as the breakdown
of heating, cooling, indoor lighting, and electronic equipment energy usage (in kilowatt-hours per square meter), which
are, respectively, 29.531, 54.403, 26.959, and 42.317 in the existing state without shading devices.

In the next phase, horizontal shading devices with a depth of 50 cm were implemented, resulting in a change in total
energy consumption from 153.21 kWh/m? to 147.437 kWh/m?, showing a reduction compared to the previous state
(without shading devices). The results indicate that heating energy consumption decreased from 29.531 to 26.497, and
cooling energy consumption dropped from 54.403 to 51.665. However, no change was observed in energy consumption
for indoor lighting and electronic equipment in either scenario.
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Figure 2. Reduction in energy consumption after applying shading to building openings, the figure on the left (indicating
energy consumption of the current situation) and the figure on the right (indicating energy consumption with shading).
Source: Author

In the next step, the optimal angle for the shading devices was evaluated to reduce energy consumption. Based on
the optimization process, where the shading angle was considered the independent variable (genome) and the
reduction of Energy Use Intensity (EUI) was the objective variable, the results indicated that changing the angle from
horizontal to 63 degrees relative to the horizon achieved the lowest energy consumption. Therefore, a 63-degree angle
is deemed optimal for the shading devices in the mentioned project.

The results also indicate that adding shading devices to the southern openings significantly reduces cooling energy
consumption compared to other orientations. Additionally, the total energy consumption (EUI) with shading devices on
the southern facade is lower than on other sides, amounting to approximately 148.21 kWh/m?.
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