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Today, solutions to reduce the energy consumption of buildings are fundamental 
to protecting non-renewable energy sources. A sustainable solution to protect non-
renewable resources is the optimal use of renewable resources, such as bringing as 
much daylight into the building as possible. The use of daylight, in addition to reducing 
the consumption of electrical energy, minimizes the load on the cooling system of the 
building. The optimal dimensions of windows are one of the important elements of 
the building, which is very effective in saving electricity and heat consumption. This 
study aims to optimize the consumption of electrical energy using daylight sensors. 
In this regard, the effect of daylight in reducing lighting consumption and reducing 
energy consumption has been investigated. This study was conducted in Tehran city. 
The simulation method uses Energy Plus software to simulate and analyze the data. 
The results showed that the use of daylight, in addition to reducing the consumption 
of electrical energy, minimizes the load on the building’s cooling system: The amount 
of total energy consumption by energy carriers in the first stage (without using the 
Delight Sensor) is 72165.06 kWh and in the second stage (using the Delight Sensor) it is 
53413.22 kWh, which reduces their energy consumption by almost 26%. A decrease of 
66% was observed using the daylight sensor in the southern zone, while in the northern 
zone, it reached 76%. According to the ASE distribution diagram, the amount of glare 
near the windows, in the southern zone, was more than 2000 lux. According to the 
parametric analysis, the optimal ratio of the opening window to the surface is 20% in 
the southern zone and 30% in the northern zone.

A R T I C L E  I N F O 

Article History:
Received  2023-12-01
Revised 2024-04-02

Accepted 2024-05-02

Keywords:
Daylight, Energy Plus Software, 
energy consumption Non-
renewable Energy Sources, 
Window dimensions feature, 
Tehran City

A B S T R A C T

DOI: 10.22034/ijumes.2024.2022778.1195

*Corresponding Author:
Email: a.keshtkar@khu.ac.ir
Phone: +989123188201
ORCID: https://orcid.org/0000-0001-6916-380X1

Running Title: The effects of window features on energy efficiency 

NUMBER OF REFERENCES

71
NUMBER OF FIGURES

13
NUMBER OF TABLES

01

ORIGINAL RESEARCH PAPER 

A comparative study of the effects of window features on energy efficiencyA comparative study of the effects of window features on energy efficiency

Ahmadreza Keshtkar Ghalati1*, Maryam Sharifzadeh2

1* Assistant Professor, Department of Architecture, Faculty of Art and Architecture, Kharazmi University, Tehran, Iran
2  Graduated with a master’s degree in Architecture and Energy, Rassam Institute of Higher Education, Karaj, Iran



19

Keshtkar Ghalati et al.

INTRODUCTION
Achieving affordable energy is one of the im-
portant goals of achieving sustainable develop-
ment (Rezaei et al., 2019; Madurai Elavarasan 
et al., 2021; Hessari & Seyf shojaee, 2021). Re-
cently, the reduction of natural resources and 
technological advances have caused a decrease 
in energy efficiency in buildings (Sharp et al., 
2014; Danesh Pajouh et al., 2020). Energy-saving 
techniques have made buildings reduce energy 
consumption to a great extent (Marszal et al., 
2011; Sarbu & Sebarchievici., 2013; Laaroussi 
et al., 2020). Concerns about building energy 
consumption can be addressed by incorporating 
passive solar techniques (PST) into the building 
to take advantage of daylight (Krüger & Zannin., 
2004). Studies have shown that these PSTs are 
economical solutions for building energy effi-
ciency (Kwon & Lee., 2018; Freewan & Dalala., 
2020). Due to the importance of renewable en-
ergy sources, recently much research has been 
conducted on the development of optimal clean 
energy technologies (Kumar et al., 2020; Madu-
rai Elavarasan et al., 2020; Grosjean & le Baron, 
2022).

Historically, buildings have been designed 
to use daylight efficiently. However, the tech-
nological advancements of buildings became 
completely dependent on electrical energy for 
lighting (Leslie, 2003). Due to the frequent use 
of air conditioning and artificial lighting sys-
tems, non-residential buildings account for a 
significant part of their electricity consumption. 
(Ibañez et al., 2017; Webb, 2022). Since among 
the functions of the building, the largest amount 
of energy consumption includes lighting, there-
fore, the use of daylight in buildings as the main 
source of light for the environment reduces 
the demand for lighting energy in buildings 
(Heschong et al., 2002; Hua et al., 2011). Day-
light harvesting systems are a useful solution 
to improve energy efficiency (Pandharipande & 
Newsham., 2018). Daylight harvesting systems 
(DHS) make it possible to offer the greatest 
energy savings (Williams et al., 2012). Reported 

energy savings for DHS typically range from 20 
to 60 percent (Galasiu et al., 2013), Therefore, 
their practical use is not common yet (Galasiu 
& Reinhart., 2008). The double-glazed window 
reduces the energy consumption of the building 
in the heating sector by 12% and in the cooling 
sector by 17% (Eiraji & Elmkhah, 2021). Exterior 
windows, although providing views and day-
light, came at the cost of thermal and visual 
comfort (Costanzo et al., 2017; Rashidzadeh & 
Heidari Matin, 2023 ). 

Sunlight, as an unlimited and free source, 
can create lighting effects inside the building, 
and while creating lighting effects in the inte-
rior space, it can save energy (Heschong, 2002; 
Van Bommel & Van den Beld., 2004; Galasiu & 
Reinhart., 2008; Kilic & Hasirci., 2011; Wang 
& Boubekri., 2011; Bellia et al., 2013; Brotas & 
Pajares., 2013; Ramli et al., 2013; Wilkins, 2016; 
Ghonimi, 2017; Ko et al., 2020). The parameters 
that determine the quality of indoor spaces 
are temperature, light, indoor air quality, the 
ability to control daylight, and solar gain (Choi 
et al., 2012; Othman & Mazli., 2012; Barrett et 
al., 2013; Barrett et al., 2015). For this purpose, 
various indicators are used to measure the 
building’s energy performance. (Mihai & Ior-
dache., 2016). Some of these indicators include 
indoor air quality, thermal comfort, and lighting 
(Winterbottom & Wilkins., 2009; Boyce, 2010; 
Haverinen-Shaughnessy et al., 2015; Kuijsters et 
al., 2015; Heydarian et al., 2016; Vilcekova et al., 
2017; Allan et al., 2019). Recently, daylight-de-
pendent lighting control techniques have been 
reliably used to improve building energy effi-
ciency (Pandharipande & Newsham., 2018; Kar-
amouzian et al., 2021). Building lighting control 
techniques is one of the ways to achieve energy 
savings in cities (Dubois & Blomsterberg, 2011). 
The most common indoor lighting control sys-
tems are based on automatic artificial lighting 
technology, space management, time schedul-
ing, and daylight harvesting (Ul Haq et al., 2014). 

Daylight design strategies play an important 
role in green building rating systems (Giarma 
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et al., 2017; Asojo et al., 2019). To ensure the 
effectiveness of energy efficiency, sustainabil-
ity goals should focus on different daylighting 
approaches (Andersen, 2015). The design of the 
spaces directly affects the energy efficiency and 
the quality of the interior light of the building 
(Hill & Epps., 2010; Ahmadpoor Samani, & Ah-
madpoor Samani., 2012; Shafaghat et al., 2015; 
Andargie et al., 2019). Windows provides the 
amount of sun radiation heat, daylight, and also 
natural ventilation for indoor spaces. Among the 
different fronts of the building, the light-trans-
mitting surfaces on the south front show better 
thermal performance. Research studies have 
shown the positive effect of using the potential 
of natural environments on humans and ener-
gy efficiency (Mantler & Logan., 2015; Kim & 
Miller., 2019; Mavoa et al., 2019; Huang et al., 
2020; Martin et al., 2020; Choe et al., 2020). The 
change in lifestyle and the presence of more 
residents in indoor spaces has increased the 
preoccupation of designers with using daylight 
for building energy efficiency (Frontczak & War-
gocki., 2011; Hwang & Kim., 2011; Pathak et al., 
2015). Daylight is a combination of direct and 
indirect sunlight during the day that includes 
direct light, scattered light, and light reflected 
from the ground and other surfaces (Figure 1).

Fig 1: Daylight factor components (Lechner, 2009)

The factor of daylight is defined as the ra-
tio of light inside the space of the light of its 
outside and in cloudy sky conditions. In other 
words, daylight factor is the sum of direct ra-
diation reflected from internal and external 
surfaces that can be calculated for a point or the 

average of the whole space. Glare is one of the 
important factors in improving daylight and in-
cludes con-trolling the difference in brightness 
of interior surfaces and controlling it causes 
visual comfort of the environment by creating 
a balance between direct and indirect lighting 
(Figure 2).

 

Fig 2: Glare of direct south light and light without glare of 
the north (Lechner, 2009)

The window, as the weakest part of the 
building shell, provides natural visibility, light 
and ventilation, and directly affects thermal 
comfort and energy consumption. Skylights 
work well to collect daylight. One of the ad-
vantages of these windows is the reduction of 
energy consumption in the lighting sector, but, 
heat loss in winter and heat transfer in summer 
are its disadvantages. The use of skylights pro-
vides uniform light. The greater distance of this 
window from the floor, the less dazzling will 
be. The dimensions and area of the window, in 
addition to affecting the amount of light, also 
affect the amount of cooling and heating load 
on the building. Therefore, in determining the 
appropriate dimensions of the window, in ad-
dition to the quality of space lighting and sav-
ing energy consumption, lighting, cooling and 
heating should be considered. The optimal ratio 
of window surface to wall should be designed 
in the early design stages and in coordination 
with the form, orientation and dimensions of 
the window. This ratio should reduce the total 
energy required for heating, cooling and light-
ing. The ratio of window to wall surface affects 
the energy consumption of the building and the 
comfort conditions of users by changing the rate 
of heat transfer from the shell, solar heat radi-
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ation, unwanted air leakage and received day-
light. Among the items studied in determining 
the optimal ratio of window to wall ratio, solar 
gain, visibility and heat transfer, as well as cli-
matic conditions.

MATERIALS AND METHODS
In the first step of the research, parametric anal-
ysis has been done to find the optimal location 
of the building. Then, two analytical models 
were performed: first, simulation without 
sensor daylight and then with sensor daylight. 
According to the information obtained in the 
simulation analysis, the most optimal direction 
is 20 degrees southwest. The simulation method 
is done by using Design Builder software to sim-
ulate and analyze the data.

The part of the plan that was considered 
as a module has been simulated in two zones, 
north and south. Both zones receive natural 
light through a 3-meter-long window from the 

terrace. Each room measures 4.2 x 8.7 meters. 
The materials used in the walls are common in 
construction. The parametric analysis method 
has been used in this research to investigate 
the effect of building orientation on energy 
consumption in an office-commercial building 
in Tehran city and to obtain the optimal orienta-
tion of an office-commercial building. According 
to the information obtained in the simulation of 
this section, the most optimal direction is 200 
degrees (20 degrees southwest).

In the following, the annual daylight trans-
action diagram is considered in the overall plan, 
and ASE and SDA parameters are examined. 

Annual Sunlight Exposure (ASE): The number 
of hours during a year that a point on the work 
surface receives more direct sunlight than a cer-
tain threshold. This criterion is usually used along 
with SDA to measure the probability of visual 
discomfort due to high brightness and is used as 
part of the daylight evaluation in the standard.

  
Fig 3: Simulated sample plan

Southern Northern Southern Northern

ASE SDA

Fig 4: ASE and SDA distribution chart in Design Builder software
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Spatial Daylight Autonomy (SDA): This crite-
rion shows how long the minimum brightness 
of a work surface (300 (lux)) can be maintained 
only by daylight. This index is defined as a per-
centage of people’s attendance during a year. 
In other words, SDA determines how much an 
area has access to enough daylight so that the 
anticipated activities can be carried out without 
artificial lighting. When the default settings are 
used, the output shows the percentage of the 
surface that has a brightness greater than 300 
lux at least 50% of the time.

According to the ASE distribution diagram, 
the amount of glare near the windows, in the 
southern zone, was more than 2000 lux. That 
is, during the year, in some parts of the room, 
1717 hours of glare were observed. The more 
we move away from the windows, the fewer 
these hours will be. To the extent that in some 
areas, glare almost disappears. In the southern 
zone, the most hours of glare were 1717. In the 
northern zone, this value was much less, so the 
maximum duration of glare was 261 hours.

The window area on different fronts of the 
building is one of the architectural factors af-
fecting the energy consumption of the building.

DISCUSSION AND FINDINGS 
Daylight sensor is not used in the building in the 
first stage of simulation: In the first stage of the 
research, internal benefits, temperature, heat in 
the south and north zones, and the total energy 
consumption of the building is calculated with-
out using the daylight sensor (Figure 6, 7). Fig-
ures show the amount of heat absorbed by the 
building. The diagram includes different parts of 
thermal energy that are absorbed in the building 
and includes the following items: 1) The heat 
that is created through artificial lighting; 2) The 
heat consumed by equipment; 3) The heat that 
is generated by residents; and 4) The Solar Gains 
Exterior Windows that is absorbed through the 
sunlight on the windows in the building. 

4.2. Daylight sensor is used in the building 
in the second stage of simulation: In the second 
stage, internal benefits, temperature, heat in the 
south and north zones, and the total energy con-
sumption of the building are calculated using 
the daylight sensor (Figure 8, 9).

 

According to the ASE distribution diagram, the amount of glare near the windows, in the southern zone, 
was more than 2000 lux. That is, during the year, in some parts of the room, 1717 hours of glare were 
observed. The more we move away from the windows, the fewer these hours will be. To the extent that 
in some areas, glare almost disappears. In the southern zone, the most hours of glare were 1717. In the 
northern zone, this value was much less, so the maximum duration of glare was 261 hours. 
The window area on different fronts of the building is one of the architectural factors affecting the energy 
consumption of the building. 
 
 

  

  

  

  

  

  

  

  

  

  
  

Fig 5: Research framework 
 

DISCUSSION AND FINDINGS  
Daylight sensor is not used in the building in the first stage of simulation: In the first stage of the 
research, internal benefits, temperature, heat in the south and north zones, and the total energy 
consumption of the building is calculated without using the daylight sensor (Figure 6, 7). Figures show 
the amount of heat absorbed by the building. The diagram includes different parts of thermal energy that 
are absorbed in the building and includes the following items: 1) The heat that is created through 
artificial lighting; 2) The heat consumed by equipment; 3) The heat that is generated by residents; and 
4) The Solar Gains Exterior Windows that is absorbed through the sunlight on the windows in the 
building.  
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Fig 6: Internal Gains: Daylight sensor is not used in the building (Energy Plus Output)
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Fuel Totals - Daylight sensor is not used (Energy Plus Output)
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Fig 7: Total energy consumption: Daylight sensor is not used (Energy Plus Output)

Finding
In the case where the daylight sensor is used, 
the amount of artificial light decreases in the 
fuel breakdown diagram due to the increase 
in heating. Due to the reduction of the heat 
emitted from the artificial light, the amount of 
heating increases. That is, utility systems must 
work more to heat the environment, but the 
reduction in electricity consumption is so much 
that the benefits and optimization require using 
the sensors (Table 1 and Figure 10).

According to the consumption simulation 
results, the total energy by energy carriers when 
the Daylight Sensor is not used is 72165.06 
kWh, but when the Daylight Sensor is used, it is 
53413.22 kWh, which represents a 26% reduction 
in energy consumption. That is, the appropriate 
direction chosen for the establishment of the 
building as well as the use of daylight sensors 
are the factors in reducing energy consumption.

According to the simulation results in the 
northern and southern zones, table 2 has been 
extracted, in which the amount of illumination 
using daylight sensor and without using day-
light sensor has been shown.

Tab 2: Comparison table of general Lighting without and 
with Delight sensor 

Zone Daylight Sensor
Internal Gain

General Lighting

Southern Zone
Without 2223.81

 Using 748.31

Northern Zone
Without 2498.62

 Using 583.63

In the southern zone, a decrease of approxi-
mately 66% is observed using the Daylight sen-
sor. In the northern zone, this reaches 76%.

In the southern zone, a decrease of approx-
imately 66% is observed using the Daylight 
sensor. In the northern zone, this reaches 76%. 
According to the parametric analysis, the opti-
mal ratio of the opening window to the surface 
is 20% in the southern zone and 30% in the 
northern zone.

RESULT AND CONCLUSION 
In this research, the effect of daylight in 

reducing lighting consumption and reducing 
energy consumption was investigated. The sim-



25

The effects of window features on energy efficiency 

Daylight sensor is used (Energy Plus Output)
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Fig 8: Total energy consumption: Daylight sensor is used (Energy Plus Output)
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Fig 9: Internal Gains: Daylight sensor is used in the building (Energy Plus Output) 
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Fig 10: Comparative chart of total energy consumption by energy carriers in the building (Energy Plus 
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Fig 11: Comparative chart of total energy consumption in the building (Energy Plus Output) 

According to the simulation results in the northern and southern zones, table 2 has been extracted, in 
which the amount of illumination using daylight sensor and without using daylight sensor has been 
shown. 

Tab 2. Comparison table of general Lighting without and with Delight sensor  

Zone Daylight Sensor Internal Gain 
General Lighting 

Southern Zone Without  2223.81 
 Using  748.31 

Northern Zone Without  2498.62 
 Using  583.63 

In the southern zone, a decrease of approximately 66% is observed using the Daylight sensor. In the 
northern zone, this reaches 76%. 
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Fig 12: Comparison diagram of Internal Gain in General lighting diagram for south and north zone 
(Energy Plus Output) 

In the southern zone, a decrease of approximately 66% is observed using the Daylight sensor. In the 
northern zone, this reaches 76%. According to the parametric analysis, the optimal ratio of the opening 
window to the surface is 20% in the southern zone and 30% in the northern zone. 
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Fig 11: Comparative chart of total energy consumption in the building (Energy Plus Output)
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Fig 13: Parametric analysis diagram of the optimal ratio of the opening wall to the surface (Energy Plus Output)

ulation was carried out on the module with ad-
ministrative use in two zones, north and south, 
and the results are as follows:
The amount of total energy consumption by 
energy carriers in the first stage (without using 
the Delight Sensor) is 72165.06 kWh and in the 
second stage (using the Delight Sensor) it is 
53413.22 kWh, which reduces their energy con-
sumption by almost 26%. That is, the appropriate 
direction chosen for establishing the building 
and using daylight sensors were the factors in 
reducing energy consumption. A decrease of 
66% was observed using the daylight sensor in 
the southern zone, while in the northern zone, 
it reached 76%. According to the ASE distribution 

diagram, the amount of glare near the windows, 
in the southern zone, was more than 2000 lux. 
That is, during the year, in some parts of the 
room, 1717 hours of glare were observed. The 
more we move away from the windows, the 
fewer these hours will be. To the extent that 
in some areas, glare almost disappears. In the 
southern zone, the most hours of glare were 
1717. In the northern zone, this value was much 
less, so the maximum duration of glare was 261 
hours. According to the parametric analysis, the 
optimal ratio of the opening window to the sur-
face is 20% in the southern zone and 30% in the 
northern zone.
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