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Abstract 
In terms of sustainable design, lateral windows and skylights are important. Daylighting has become a vital component in office buildings 
because it increases occupants' productivity, well-being, and energy savings via windows and skylights. As a result, various factors have 
an impact on achieving Useful Daylight Illuminance (UDI) and lowering overheating and glare discomfort. First the merits of the 
skylight and the window are compared in this study. Second, this study constructs an intelligent optimization method NSGA-II based 
on Pareto front approaches that allows low energy use of the office building while maintaining excellent thermal and lighting comfort 
for the inhabitants. Finally, all optimum solutions look at Daylight Glare Probability (DGP) for visual comfort. Isfahan, Iran (32° N, 51° 
E) as a hot and dry climatic condition, is selected for the simulation. A variety of geometries with different parameters, were applied to 
meet the goal. Among the different cases, the optimization’s findings highlight the pyramidal design with the highest aperture on the 
floor. It's best for a hot, dry area and a space with a square or rectangular form. The degree of glare in all ideal geometries, on the other 
hand, was reasonable—furthermore, these findings aid designers in selecting the appropriate window for the building's form and 
environment. 

© 2023 The Author(s). Published by solarlits.com. This is an open access article under the CC BY license 
(https://creativecommons.org/licenses/by/4.0/). 

 

1. Introduction
Daylighting has been shown to have an impact on worker 
productivity, comfort, and well-being [1,2]. Architects and 
researchers are constantly challenged to achieve effective daylight 
control and reduce energy consumption by assessing thermal and 
visual comfort [3]. As a result, by effectively seizing daylight as a 
resource rather than relying on artificial light, proper daylighting 
may decrease energy waste [4,5]. The essence of sunlight inside a 
place varies according to several agents, including weather data, 
location, the direction of the building, building context, the hour, 
and season [6]. The skylight has become a common architectural 
feature in many building types due to its exceptional potential to 
bring daylight into the structure's center [7]. The impact of 
daylighting on human behavior is being studied more in the 

workplace and office, primarily in industrialized nations [8,9]. 
Regardless of light's color temperature, it was determined that 
light significantly impacts office operators and occupants [10,11]. 
Intelligent building optimization and energy loss minimization 
while maintaining occupant thermal and lighting comfort is 
critical [12]. 

Incoming direct solar radiation from the window may improve 
solar comfort within the building during the winter months while 
also lowering heating costs. However, in the summer, the opposite 
effect occurs since the sunlight distribution may create 
overheating and exacerbate the cooling state [13]. 

The primary disadvantage of a single glass window in designing 
a window system is that it cannot create adequate heat resistance 
and often results in significant cooling energy loss in the summer 
[14]. Architects use a large glass area to provide appreciating 
qualities and a broad perspective [15]. Some of them failed to 
account for visual and thermal comfort, as well as the quantity of 
energy used. Due to considerable solar gains in the summer, office 
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buildings have very high cooling loads [16]. As a consequence, 
this research opts for an open workplace setting. 

This study aims to figure out the best way to offer enough 
daylight for office workers while also lowering energy usage in a 
hot, dry region. The weather in this climatic zone is cold in the 
winter and scorching in the summer. As a result, this study 
demonstrates that the skylight takes precedence over the wall's 
window except for the outside view. On the other hand, controlling 
glare is difficult in a clear sky, and most of the time, it is managed 
by window shade [17]. However, the right skylight shape may help 
to alleviate visual discomfort [18]. 

This study focuses on the best skylight in a hot region to 
maximize useful sunshine illuminance while lowering the model's 
energy consumption without a lateral window in the wall. 
Furthermore, due to our instance's superb sunshiny climatic 
circumstances, the study achieves an extremely high degree of 
warming inside space, causing significant pain for inhabitants and 
wasting energy for cooling and lighting. We concentrate on the 
best design of the skylight in order to maximize energy savings 
and regulate the residents' interior thermal and visual comfort. 
This study uses a stochastic technique to handle this multi-
objective optimization problem. The Pareto Front [18] is used to 
identify various optimum solutions for decision-makers to 
consider. 

Many studies have been carried out related to skylight 
simulation in the terms of daylight efficiency [19], ventilation 
[20], energy consumption, thermal and visual comfort [21-23]. 
Some have concentrated on the skylight's single-objective 
optimization with the aim of minimizing energy consumption [24] 
and maximizing ventilation [25]. A number of studies have used 
the multi-objective genetic optimization approach to improve 
skylights aimed at daylight efficiency [26-28]. The significance of 
using the NSGA-II optimization method in the design of building 
envelopes [29], blinds [30], and louvers [31] can be seen in many 
studies. In contrast to previous studies that focused on improving 
skylight design for a specific goal, such as daylighting 
performance or energy efficiency, our research addresses a gap in 
the literature by providing a comprehensive and integrated 
approach using NSGA-II optimization method for enhancing 
skylight design that may balance several performance objectives 
such as maximizing useful daylight illuminance (UDI), thermal 
comfort, and energy performance, while minimizing glare 
discomfort. This method can aid architects in developing 
knowledgeable skylight designs that result in high-quality interior 
spaces while using less energy. The basic scenario's daylighting 
and energy modeling and analysis methodologies are explained 
separately in Section 3. 

 
2. Literature review 
Daylighting is an important aspect of environmental building 
design. Meanwhile, when correctly displayed, sunshine creates an 
aura of subtle design and aesthetic comfort, reducing the need for 
artificial lighting and environmental adjusting equipment [32]. As 
a result, the quality of internal lighting accessibility is determined 
by the structure's architecture. Structure massing and location, 
internal wall viewed identification, window layout in a building, 
and municipal planning influence daylight openness [33-37]. 
Several studies on skylights have been conducted in the past. 
However, most of them concentrate on basic forms [38-43]. 

Skylights are common in contemporary structures because they 
provide homogeneous illumination across the horizontal plane 
while allowing for daylight access in areas where there are no 
facades. The majority of scholars in this field have used classic 
daylighting procedures as their methodology [44]. As a result, 
there is a strong need to expand the research field to include 
different types of skylights and determine appropriate geometries. 

However, increasing the height of proper daylighting can lead 
to excessive and uncomfortable levels of light. This presents a 
challenge in balancing the benefits of daylighting with the need to 
avoid discomfort. This challenge is particularly pronounced in 
buildings that rely on direct natural light from windows on the 
walls. Previous studies have highlighted the importance of 
configuration parameters in achieving this balance. Notably, while 
top-light apertures have been the focus of much research (as seen 
in references [45] and [46]), it is important to remember that these 
apertures work independently of side-light apertures. Daylighting 
a roof with skylights may result in significant energy savings 
[22,47]. 

By concentrating on the window's design and materials, several 
studies have attempted to reduce cooling and heating and 
discomfort hours [48,49]. Jing Zhao, for example, used the 
NSGA-II optimization algorithm to develop an easy-to-use, 
helpful, and valuable multi-objective optimization technique. 

The skylight is installed over a hole in the building's roof. 
Individual roof lights, dome lights, ridge roof or curved 
continuous roof lights, and shed lights are only a few examples, 
and the glass may be on various sides of the direction [50]. 
Numerous studies have been conducted on daylight design, 
daylight performance, and glare reduction techniques. Although 
each study focused on a different topic, the overall goals were to 
improve visual comfort and reduce energy consumption or to use 
various methodologies to acquire studies that were essential in 
achieving these goals. 

Daylighting is defined as the regulated admission of natural 
light, direct sunshine, and distributed skylight into a structure to 
reduce electric lighting; windows directly offer natural lighting for 
space [51]. Some studies looked at the efficacy of combining 
optimization techniques on window type and placement for energy 
efficiency, with a focus on aesthetic comfort [52]. Outstanding 
researchers have concentrated on building facades to reduce 
energy consumption and improve daylight efficiency [53,54]. 
Researchers investigated the impact of the skylight–roof ratio on 
daylight performance due to annual and daily fluctuations in solar 
circumstances and sky conditions. For example, in a warehouse 
design in the tropical zone, Remon Lapisa, M et al. investigated 
the influence of Skylight-to-roof ratios on energy efficiency for 
artificial lighting, daylight availability in the interior, and 
temperature discomfort [54]. Furthermore, Theodora Mavridou's 
study advocated determining the optimal distance between roof 
openings, which was made up of different roof compositions [55]. 
Some researchers have examined the impacts of skylights on 
occupants in various settings, including industrial buildings, 
malls, and even historical palaces, such as the Egyptian heritage 
palace skylight [19,56]. 

On the other hand, a few studies have looked into the impact of 
skylights in offices; Erica Cochran et al. looked into the office 
function and concentrated on dynamic shading on skylights [57]. 
Other researchers, such as Karam M et al., believe that skylights 
may assist reduce load and energy consumption in various 
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structures. This hypothesis states that using this approach at the 
initial design stage will allow designers to successfully balance the 
architectural environment [58]. The importance of visual comfort 
has been emphasized in recent research [58-63]. Several studies 
have highlighted the significant variation in people's perceptions 
of uncomfortable glare [64-69]. Glare is described as the 
impression of brightness in a range of viewpoints that is too wide 
for the eye to adapt to. As a result, there has been pain and a loss 
of visibility [70]. 

 
2.1. Energy and daylight simulation 
Based on the studies that have been reviewed in glare analysis, 
Daylight Glare Probability (DGP) is selected for evaluation in this 
study. Since Wienold and Christoffersen's discomfort glare 
formula for daylighting considers both the glare source and the 
brightness distribution of the sky, DGP may be a more accurate 
predictor of glare than other indices including Daylight Glare 
Index (DGI) [71]. The formula is described as Eq. (1) [71] 

DGP = 5.87 × 10−5EV + 9.19 × 10−2 log10 �1 +

 ∑
Ls,i
2 ×ωi

EV
1.87×Pi

2
n
i=1 � + 0.16   (1) 

The investigation of interior daylight balance is often carried out 
using a way of modeling a genuine scenario with a collection of 
analytical formula measuring a range of metrics, such as Daylight 
Illuminance (DI), Daylight Coefficient (D.C.), and Daylight 
Autonomy (DA). Daylight autonomy (DA) is a proportion of the 
time spent using solely sunshine to achieve a certain user-specified 
lux threshold [72]. On the other hand, DA is usually expressed as 
a yearly figure, while it is possible to get annual, monthly, or 
regular results. DA's estimating approach specifies the 
illuminance values per hour for the whole year at a certain 
location. The illuminance range of 100 to 2000 lux is considered 
desirable. Extremely dark is defined as a place with less than 100 
lux of lighting; similarly, extremely bright is defined as a space 
with more than 2000 lux of illumination. In this research, the UDI 
100-2000 lux is indicated as UDI, and it is proven to be the most 
effective daylight criterion [73]. DA gives an intuitive sense of 
how well light will enter a space and allows the architect to 
calculate the corresponding electric energy savings with relative 
ease. The main disadvantage is that, since DA lacks an upper limit 
for daylight illuminance, it ignores issues related to visual comfort 
when exposed to intense sunshine [74]. Credit is provided if the 
level of illuminance exceeds a specified lux threshold and is 
applied to a specific time of application; it is a dynamic measure 
based on climatic data [75]. Spatial daylight autonomy (sDA) [76] 
is defined as the proportion of floor space with no less than 300 
lux for at least 50% of the annual busy hours. 

The investigation can only include the working area following 
the vision simulator, although the whole place is usually 
recognized. Imagine N points in a network, and indicate a function 
S.T. (i) whose amount fits unit for each point of the network, 
taking the lowest requisite illuminance for exceeding the assigned 
portion of the total amount of time an individual consumes in; the 
sDA is demonstrated in Eq. (2) [76] 

sDA = ∑ STN
i=1
N

   With ST(i) = �
1,   sti ≥ τty
0,   sti ≤ τty  (2) 

where ST (i) indicates the incident number of passing the sDA 
illuminance start at point i, τty is the annual digital record of the 
time of occurrence of a particular event. The LEED ver.4 needs 
the consideration of architects to the Annual Sunlight Exposure 
(ASE) and sDA to score 2 to 3, sequentially by giving 55_75% of 
the filled space's area. To obtain this aim, architects adopting 
annual computer simulations must determine that the annual direct 
solar radiation of ASE 1000,250 h is obtained in fewer than 10% of 
the space. It is essential that simulation run based on sDA 300/50%. 

 
2.2. Multi-Objective optimization 
A computer-based assessment of the amount of daylight accessible 
inside or outside a structure under one or more sky situations 
provides various profitable options among single and numerous 
environmental execution models. The building optimization 
approach provides a way out in identifying previously stated 
antagonistic goals, such as energy and daylight study. Zhai [49] 
employed NSGA-II in an optimization problem with various 
objective functions to optimize window-related design factors in 
the amount of energy or power consumed, comfort with the 
thermal environment, and visual comfort. The results were shown 
using a graphical representation of the Pareto Set, which described 
a multi-objective optimization problem. Cheong et al. [63] created 
internal environmental needs in a current workplace by using a 
horizontal surface that reflects sunshine deep into the space to 
maximize thermal and daylighting performance. A lighting sensor 
must be installed in the structure to control energy savings from 
daylight. The approach is connected to the simulation of building 
performance simulation. Once a year, a daylighting scheme is 
developed. The energy model entails keeping track of electric 
lights, maintaining suitable temperatures, and adjusting demand 
for daylighting. Marzouk et al. [77] and Yılmaz et al. [78] provides 
a comprehensive explanation of the methods. These review 
literature studies have proved the importance of increasing useable 
daylight in terms of energy efficiency and visual comfort, which 
defines the correctness and sensitivity of investigations in this 
area. This problem motivates writers to do study in this area. 
Various daylight and visual comfort methods were addressed, with 
the majority of the simulations treating the Skylight as a light roof 
or window on the roof. Other research focused on the various 
methods to the Skylight of the (Table 1). This preliminary work 
aims to develop a skylight massing optimization system for 
designers and practitioners. To receive light from above and the 
Skylight's influence on daylight performance, minimal cooling 
demand, and glare reduction. 
 
3. Research method 
The simulation and optimization approach, as well as the software, 
are required in the building review simulation (Fig. 1). This 
investigation has five components. The purpose of this research is 
stated in the introduction part, followed by a section that examines 
previous documents regarding this issue. The technique used to 
explore, assess, and Skylight optimize case studies is stated in the 
third part. The fourth part presents the results, together with an 
explanation of the link between skylight percentage, daylighting, 
and cooling and heating needs. The fifth and final component 
assesses the best skylight foundation in terms of glare in two 
seasons. 
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3.1. Mathematical expression of multi-objective function 
In this article, database conception, examination, comparison, and 
optimization methods were applied to determine the connection 
between skylight design parameters and daylighting metrics. This 
research studied multiple investigations of skylights from various 
situations and forms to derive the attended methodologies and 
outcomes applied in former experiments. The examination 

involved skylights in various geometry and design arrangements 
moreover. In this paper, three objectives related to the skylight's 
form, including cooling and heating, UDI, need to be examined 
simultaneously to improve the refurbishing construction act by 
reducing energy waste and increasing daylighting, withdrawing 
too brightly and insufficiently lighted spaces approximately 
feasible. Therefore, it must be an optimization problem that 
includes multiple objective functions. This study sets multiple 

Table 1. Summary of the relevant studies. 
Authors        Variables Discuss Typology 

Ghobad, Place, Hu, 2012, 
[79] 

X=The glazing area 
X=The transmissivity of 
the glazing 
X=Depth and shape of the 
light-well 
Y= DF, UDI 
 

This Investigation tries to design, evaluate, and optimize 
Roof Daylighting Systems (RDS) in office buildings, 
which will associate architectural design characteristics 
and parameters with illumination supply and quality and 
overall energy performance. 
Location: Boston 

 
Al Obaidi, Rahman, 2016 
[80] 

X= sky condition (overcast, 
clear). 
overcast sky, sunny 
The study intended to 
design a new skylight 
model for this building 

The new skylight characteristics improve the admittance 
and distribution of solar energy through skillful direction 
methods. Moreover, this paper used simulation means to 
simulate different situations. 
Function: classroom 
Location: Denmark 

 
Li, Chen, Ban,Yao, 2019 
[81] 

X= height, 
Atrium Size 
Skylight Size 
Y=sDA, UDI, DGP 
 

This study investigated the influence of atrium forms and 
building heights on daylighting execution.  The circular 
atrium demonstrated the highest level of daylight 
efficiency and visual comfort among the three shapes 
(rectangular, square, and circular), while the rectangular 
atrium performed the worst.  

Marzouk, ElSharkawy, et 
al., 2020 [77] 

X= Orientation dislocation 
Y= UDI, Cooling 
 

 The outcomes inform an enhanced achievement, which 
designates the daylight and energy optimization tactics 
and methods for heritage reusing. 
Location: Egyptian 
Function: heritage palace 

 
Cochran et al., 2014 [57] X= Slimblind, shade 

Cellular, fabric shade 
Dynamic glass 
Y= heating, cooling, 
lighting 

Study results reveal that integrated dynamic daylight and 
skylight technologies can afford total energy savings. 
Location: Philadelphia, 
Function:  conventional office and the 
small conventional retail space 

 
Mavridou,Doulos, 2019 
[55] 

X= geometrical 
characteristics, different 
roof types, climate data 
Y=daylight metrics, 
uniformity, glare 

An optimization approach is proposed to determine the 
optimum length among the roof openings. 
Function= industrial building 
Location= Greek 

 
Lapisa et al., 2020 [22] X=Skylight–roof ratio, 

Thermal characteristics, 
weather data 
Y= Indoor illuminance 
level, Indoor temperature 

The ideal skylight–roof proportion to this kind of space 
will be understood by analyzing the features of energy 
waste and thermal comfort of inhabitant. 
Function=low-rise commercial/industrial building 
Location= Indonesia 

 
El-Abd, Kamel, Afify, 
Dorra, 2018 [82] 

X= length, height, weight 
Y=UDI, DA, Daylight 
availability 

These outcomes reveal that skylight and inside design's 
first considerations can reach higher than a 50% 
decrease in illuminate too brightly area while performing 
lesser enhancements daylight in space. 
Function= Mall 
Location= Egypt  

Dolnikova et al., 2020 [19] X= 2 Real Types 
Y= DF, illuminance 
uniformity, luminance, 
glare 

These outcomes reveal that the hall with the arched shape 
of the skylight was better lit by daylight. 
Function =Industrial building 
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objective functions optimization criteria to optimize the UDI and 
minimize the cooling and heating demand. Get better non-
dominated Pareto optimal solutions; a developed non-dominated 
sorting genetic algorithm-II (NSGA-II) is proposed. In numerical 
expressions, a multi-objective optimization problem is defined 
equally Eq. (3) 

min �f1 �(
x
→), f2(

x
→), … fn(

x
→)��   (3) 

  s. t.
x
→ ∈ X,     

If any objective purpose should be increased, it is equal to reduce 
its adverse. The concept of X is signified by Y∈ Rn. A component  

X
→∈ X   is named a possible decision. A vector 

Z
→≔ 

f
→ �

x
→� ∈ Rn 

for a feasible solution 
x
→  Is termed an objective vector. 

Hence, Pareto optimal answers; that is, answers cannot 
be stated within either of the objectives, excluding diminishing at 
most limited one of the other fitness. A possible answer 

X1
��∈ X  s 

stated to Pareto solution if : 
X2
��∈ X 

�
fi �x1→� ≤ fi �x2→�   i ∈ {1,2,3 … n}

fj �x1→� ≤ fi �x2→�   j ∈ {1,2,3 … n}
   (4) 

To provide the architect with the best selection based on the 
unique challenge, an effective and comprehensive search 
technique must detect the kind of optimum trade-off solutions 
(Pareto front). A perfect point is a theoretical idea for a real-world 
goal in which each aim is maximized without consideration for the 
well-being of others. Multi-objective optimization algorithms aim 
to provide solutions with a well-distributed distribution that are 
close to the Pareto optimum front. 

Wallacei [83], an analytic engine for grasshopper, is used in the 
optimization approach. The essence of a point set is to be 
appraised based on its proximity to the Pareto front; the closer the 
better, on the diversity in the assortment, the more evenly spread 
they are good. It prefers low accuracy in Monte Carlo techniques 
if it is also far from the set of nondominated solutions. 
 
3.2. Utilization to a simulated case 
The skylight material is not from the template and was chosen 
from Yuan Fanga's article [41], which has the advantage of 
avoiding very high temperatures and direct sunlight. The quantity 
of solar energy transported into the window (Solar Heat Gain 
Coefficient) is 0.30, while the U-Value of the material is 2.6 
W/m2K. This section discusses the qualities of a material that are 
significant to its heat conductivity (Table 2). Besides, the 
skylight's dimensions and shape are determined by the factors 
listed in (Table 3). Since pyramid and flat skylight designs are 
frequently used in building architecture and have the potential to 
offer helpful natural illumination while lowering glare discomfort, 
these forms were chosen. While pyramid skylights can generate 
more homogeneous and diffused light, flat skylights can produce 
more direct and concentrated light. Flat skylights are more popular 
in residences, whereas pyramid skylights are widely used in 
business and institutional buildings. By contrasting these two 
types of skylights, designers may better understand how to design 
skylights based on their different design aims and building types. 
The daylighting and energy models are based on the benchmark of 
commercial buildings model from the US Department of Energy 
(DOE). OpenOffice is also used to create sets, loads, programs, 
and set the thermostat. The floor, external walls, interior, and the 
ceiling reflectance is 0.2, 0.5, 0.5, and 0.8, respectively. Variable 

 
Fig. 1. The framework of simulation and optimization. 
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air volume (VAV) packaged rooftop reheat assumed from 
ASHRAE 90.1 is considered for (HVAC) system. 

The orientation and building material are considered constraints 
and constant variables. The yearly direct lighting hours for the 
office are controlled by a single zone connected to the palace's 
central skylight. As shown in the case study, a 3D model was used 
to create a Daylight and Energy analysis (Fig. 2). The purpose of 
this study is to provide a theoretical understanding of how skylight 
design affects energy consumption and daylight levels in the area. 
Since the building’s length, depth and height also play a role in the 
optimization, this model was chosen based on the hypothesis of 
the authors. It is certain that the architectural features and materials 
of the building are in harmony with the climate of Isfahan. The 
skylight is located in the middle of the roof to investigate the 
impact of modifying the goals' factors. The form and height of the 
skylight are determined by two factors (v 4, v 5). The walls are 
finished with white plaster, the floor is covered with grey tiles, and 

the ceiling is white plaster 0.03 m, Extended Polystyrene 0.10 m, 
Hollow brick Massonary 0.15 m, Mortar 0.03 m are the four layers 
of construction material accessible in Isfahan's official structures. 
Additional aspects of the subject matter are shown in (Table 2). 
The total U-value and reflectance inside and outdoors for the 
external wall are 0.329 W/m2K and 50 percent and 35 percent, 
respectively. The ceiling, floor, and interior walls reflectance is 80 
percent, 20 percent, and 50 percent, respectively [84]. Exteriors 
that are completely enclosed are termed adiabatic. The heating and 
cooling setpoints are 20 and 26 degrees Celsius during the 
weekdays. 10.1 W/m2 was chosen as the lighting power density 
per area. For towns in Climate Zone Number 3 and Climate Zone 
Subtype B, the window is composed of a double glass window 
with a tight air pocket established on ASHRAE 169 [13]. The 
Solar Heat Gain Coefficient, Thermal Transmittance, and Visible 
Light Transmittance of the window glass in question are 0.25, 
0.65, and 0.45 W/m2K, respectively. 

 
Fig. 2. (a) Architectural plan, (b) Section, and (c) The geometry of the single case. 
 
Table 2. Building material optical attributes [84]. 

Element Material Type Values 

Internal walls Nontransparent material Reflectance: 0.5 
Internal Ceiling Nontransparent material Reflectance: 0.8 
Internal Floor Nontransparent material Reflectance: 0.2 
Glass Glass material Visible transmittance: 0.6 
Skylight Translucent material Diffuse reflectance: 0.21 

Specular reflectance: 0.08 
Diffuse transmittance: 0.24 
Specular transmittance: 0 
Surface roughness: 0 

 
Table 3. Isfahan parameters of climate are affecting study intentions. Information was derived from the EnergyPlus database gives the weather file. 

Whether data Unit Hourly 

Average  min  max 

Dry-bulb temperature C 16.25 -7.5 40.2 
Relative humidity % 35.90 3 100 
Dew point temperature C -1.30 -22.6 12.4 
Wind speed m/s 2.00 0 15.6 
Direct normal radiation Wh/m2 128.80 0 372 
Diffuse horizontal radiation Wh/m2 125.46 0 577 
Global horizontal radiation Wh/m2 197.06 0 787 
Horizontal infrared radiation Wh/m2 332.52 218 485 
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3.2.1. Explanation of the climate zones 
Based on the Köppen climate classification system, Isfahan in Iran 
falls into the category of "BSk" climate. This means that the 
climate is dry with a semi-arid or steppe climate, characterized by 
hot summers and cool winters. The "B" in the code refers to a dry 
climate, while the "S" indicates that the dry season occurs during 
summer, and the "k" indicates that the mean temperature of the 
warmest month is above 22°C. In Isfahan the average maximum 
temperature of the coldest month (January) is 2°C, and the hottest 
month (July) is 35°C. The climate parameters are summed up in 
(Table 3). 
 
3.3. Optimization objectives 
Managing the energy usage for cooling and heating, daylighting, 
and viewing outside is a mathematical optimization issue of 
skylight design. The computer-aided program Rhinoceros and 
Grasshopper plugins are used to handle the variables in the office 
room simulation. Finite-dimensional models are useful in design 
examination in a variety of dynamic design scenarios, such as the 
form and proportions of skylights in this study. 

The UDI in the range of 100-2000 lux is mentioned in this 
article, although it is inadequate to define consumers' visual 
comfort. The UDI describes the correct proportion of daylight that 

enters the office floor. As a result, the aforementioned metric that 
may distinguish consistent light exposure for the workplace that 
performs visual comfort is referred to as the absence of glare. 
Accordingly, overlighting causes an increase in cooling and, in 
certain cases, heating demand. As a result, a multi-objective 
optimization approach is used to achieve the requisite equivalency 
between lowering cooling and heating demand while enhancing 
UDI. This study proposes a design optimization strategy. It is 
feasible to produce a seasonal building execution in daylight and 
energy performance throughout the year simulation using an 
optimization method that manages difficult design forms. 

In accordance with (Fig. 1), the preliminary experimental 
evidence is created, and then multi-objective optimization is used 
to determine which fact-based conclusion is the best match. The 
weighting approach is used in this work to discover the best-suited 
solution in the Pareto front. For all Pareto front replies, the 
variation in EUI, the fitness function drives daylight, was 
calculated. In this study, three goals are optimized initially, and 
then the fitness function is measured above the Pareto front to rank 
these responses and attain the fittest. 
 
3.4. Glare analysis 
Skylights may offer natural lighting while also lowering the 
energy wasted by buildings' electric lighting. Despite this, the 

 
Fig. 3. Sun path for the studied geometry. 
 

 
Fig. 4. The occupant and environment's situation for glare analysis. The analysis plane is also seen for daylight analysis. 

http://creativecommons.org/licenses/by/4.0/


79 B. V. Fakhr et al. / Journal of Daylighting 10 (2023) 72–86 

2383-8701/© 2023 The Author(s). Published by solarlits.com. This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/). 

skylight design usually reveals glare difficulties that make people 
uncomfortable [67]. The Pareto front achieves the result of 
measuring the amount of DGP in two consecutive seasons, both 
winter and summer since glare is another key metric to determine 
passengers' visual comfort. The sun's path is therefore seen in (Fig. 
3) for December and June. The unpleasant glare is generally 
mitigated in a similar circumstance with a window on the 
building's lateral side by employing the window's shade glare 
protection [14]. The glare analysis of the form supplied by 
optimization is presented based on the occupants' placement in the 
simulated office (Fig. 4). It is crucial to mention that in this study 
the building is not surrounded by any obstacles such as trees and 
other buildings. 
 
4. Results and analysis 
First, we determined the identical opening in both models in this 
part to comprehend the skylight's value concerning the window. 
The diagram shows that the window to wall ratio (WWR) is the 
same as the skylight to roof ratio (Fig. 5). The window to wall ratio 
(WWR) is tested using a different seed in the (a) model, and there 
are no significant variations in the results. As a result, model (a) is 
representative of the other forms generated. In (Fig. 5), model (b) 
is a sample of skylight shapes with the same aperture as the model 
(a). This section demonstrates that the UDI in the model (a) is less 

than the skylight amount, and the illumination on the floor is not 
uniform. Furthermore, when the building contains a lateral 
window, the cooling demand is greater than 90, as shown in (Fig. 
6(a)). The image's cooling market (Fig. 6(b)), on the other hand, 
specifies less than 7 (kWh). Although from the aspect of the 
spiritual feeling, the human mind may prefer the lateral window, 
the main goal of this study is to optimize the skylight with the aim 
of reducing energy consumption, intensifying daylight efficiency, 
and visual comfort, while maintaining the trade-off between 
daylighting, cooling demand, and glare. 

The features of the design skylight are explained in the next 
section. We study numerous forms using several relevant factors 
to discover the best skylight shape for the workplace. With the aim 
of reducing energy consumption, increasing daylight availability, 
and diminishing discomfort glare, the optimization approach 
modifies five elements in (Table 4). Parameters such as building’s 
Length, Depth, and Height as well as Skylight to Floor Ratio, and 
Skylight_ Roof are evaluated to meet these goals. There is a 
necessity for agreement in the Pareto Frontier seen in (Fig. 7). 
Optimal designs do not deliver optimal solutions for every 
objective function in a multi-objective issue with conflicting 
fitness. On the other hand, the optimal strategies achieve the best-
compromise resolution of each target function. 

 
Fig. 5. Compare the same ratio of the skylight and lateral window (a) window (b) skylight. 
 

 
(a) 

 
(b) 

Fig. 6. Analyze the effects of opening ratio (a) lateral window (b) Skylight. 
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Multi-objective optimization is used in this research. Using 
Pareto's [13] statistical technology, various grades are integrated 
and studied. Multiple non-dominant grades are evaluated, and 
ideal values for the constructed "border" in the solution diagram 
are identified. A single-dimensional value is displayed on one axis 
in (Fig. 7). Three benchmarks are assumed in a three-dimensional 
network, from which parametric simulation results and 
postprocessing using Wallacei Grasshopper plugins are created. 
The UDI is represented by the X-axis, while the Y-axis represents 
cooling energy consumption, and the Z-axis represents heating 
energy consumption. The finest feasible solutions in the Pareto 
Front are particularly informative for outlining skylights. 
Architects and engineers may choose the best skylight design from 
this collection of the finest available options for any specific 
purpose, guaranteeing that the desired optimal solutions are used. 

The Pearson correlation coefficients are recorded in the 
collection of produced solutions for each set of response variables, 

as seen in (Table 5). These strongest correlations for all response 
variables with a negative quantity, especially Y1 with Y2 and Y2 
with Y3, indicate that these response variables are conflicted. 
When the UDI raises the amount of the cooling reduction, it 
signifies that the cooling demand is lower in the summer than in 
the winter, despite the fact that the heating demand is higher in the 
winter. The designer focuses more on cooling in a hot environment 
to conserve energy since the inhabitants utilize cooling systems to 
remain in their comfort zone most of the year. There is a strong 
negative association between Y1, which represents usable daylight 
illuminance, and Y2, which means cooling demand. 

In objective space, the nine Pareto solutions (boxes) are 
recognized as the simultaneous decrease and maximization of all 
the response variables shown in (Fig. 7). We specify the 
representation of the received answers for Y1, Y2, and Y3 such 
that all response variables have substantial correlations. 

Table 4. The range of variables design. 
Parameters Range  Comment 

Lowest Highest 

P1: Building’s Length 6M 8M The length of the building has depth-like depth for 
examining square and rectangular shapes 

P2: Building’s Depth 6M 8M  
The depth of the building is to have a different 
elongation 

P3: Building’s Height 2.8 M 4.2M The height of the building from ordinary to loft 
P4: Skylight to Floor Ratio 0.40 % 0.70 % It depends on the percentage of roof area  
P5: Skylight_Roof  0.10% 0.40 %  It depends on the percentage of roof area and P4 

 

 
Fig. 7. In the Pareto front, the optimal solutions are represented by yellow boxes. 
 
Table 5. Pearson correlation coefficient. 

 Y1 Y2 Y3 

Y1 1.000000 -0.914064 0.782304 
Y2 -0.914064 1.000000 -0.493776 
Y3 0.782304 -0.493776 1.000000 
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The Pareto front solution is greater, as shown in (Fig. 7); so, the 
chosen solutions in (Table 6) are the final generation with 
optimum values for the design variables, i.e., in the range of 0 to 
4 individuals. Although the Pareto front suggests nine solutions, 
only four solutions satisfy the goal, for the reason that we look for 
the trade-off between the four selected parameters. The acceptable 
solutions indicators, Y2, are not included here since their value 
equals 0.40 for each skylight response gathered. We evaluate the 
Skylight, which has a Skylight to Floor Ratio of 0.70 and a 
Skylight Roof Ratio of 0.30, making the pyramid shape more 

appropriate for an office with a length of 10 meters, a depth of 8 
meters, and a height of 3.6 meters. The variables listed in (Table 
6) produce various shapes such as box and flat skylights and 
pyramids with varying ratios. Despite this, all of the best solutions 
have pyramid shapes. 

As shown in (Fig. 8), the objectives in solutions 1 and 2 are more 
valuable than answers 3 and 4. It means that the cooling amount is 
more than the amount of helpful daylight illuminance is less than 
solutions 3 and 4. 

Table 6. Pareto front solutions. 

 Variables  objectives  

Results Length  
(m) 

Depth  
(m) 

Height  
(m) 

Skylight to 
floor ratio 
(%) 

Skylight_ Roof  
(%) 

UDI 
(%) 

Cooling  Heating Shape  

Solution1 10 8 3.6 0.70 0.30 0.951913 40.4579 3.7573 

 
Solution2 8 8 3.6 0.70 0.30 0.995874 41.0499 3.5929 

 
Solution3 10 8 3.6 0.40 0.2 0.591154 47.988 1.4628 

 
Solution4  8 6 4.2 0.4 0.2 0.639551 55.5863 1.31 

 
 

 
Fig. 8. Optimum designs selections with UDI (%). 
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Using a skylight to floor ratio of 0.70, optimally compromised 
values for both the UDI and Cooling energy were attained for both 
square and rectangular shape roofs. Solution 1 and 2 have a high 
skylight to roof ratio, which allows for the greatest amount of 
daylight to enter the room, resulting in high UDI values and a 
reduced cooling demand while maintaining the same level of 
heating. Figure 9 demonstrates that the solutions provided only 
modest amounts for energy use. According to the climate of 

Isfahan, cooling energy is consumed from mid-May to mid-
October. Additionally, the heating energy consumption season 
spans from November through March. The preliminary summary 
information for the Pareto front solutions is presented in (Table 6). 
As a consequence of the previous findings for Y1 indicating UDI, 
the great majority of solutions have a value between 0.951 and 
0.591. The value of y2, which stands for cooling, ranges between 
40.4 and 55.5. 

 
Fig. 9. Cooling and heating energy consumption analysis for all four solutions. 
 

 
Fig. 10. A coordinate plot of objects in the Pareto front. 
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Furthermore, the Pareto front redline in (Fig. 10) shows that the 
generation's final individual. These lines suggest that a high UDI 
round of 0.95 and cooling around 45 may be achieved. When they 
reduce cooling demand, they increase heating demand, and the 
two have inverse effects; the heating average in this climatic zone 
is not high. The goal of this study, on the other hand, is to minimize 
cooling when the UDI is high. 

Only taking into consideration UDI measures in the last 
segment is not sufficient for virtual comfort. Consequently, after 
determining the most appropriate skylight type, we investigate 
glare in both winter and summer at different times of the day. If 
the quantity of DGP is less than 0.30, it is unnoticeable, and if the 

amount is more than 0.45, it is unbearable [85]. As can be shown 
in Figure, the quantity of DGP is 0.200 with all solutions, and the 
glare comfort ranges from invisible glare to imperceptible glare. 
Solution1 with a skylight to floor ratio of 0.70 provided for little 
cooling demand while maintaining high UDI (0.951913) and DGP 
(0.183964) in the summer and (0.200679) in the winter, indicating 
high-quality daylight entering the area that allows for occupants' 
visual comfort in all seasons (Table 7). 

Both sceneries were produced at midday on December 21st and 
June 21st, respectively, in (Fig. 11) under clear CIE sky conditions 
on both days. All of the photographs have false-color evaluations 
of glare measures presented over the bottom of each image. Each 

Table 7. Building variables and range. 
Recommended solutions  UDI DGP 

Summer Winter 

Solution 1 0.951913 0.183964 0.200679 
Solution 2 0.995874 0.200681 0.260096 
Solution 3 0.591154 0.172672 0.200904 
Solution 4 0.639551 0.151754 0.179845 

 

 
Fig. 11. DGP in the optimal solutions in the Pareto front, View-direction dependent glare evaluations. 
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example includes a timestamp corresponding to the month, day, 
and hour setup. 

All of the options provide a high level of visual comfort for 
occupants with the least amount of glare potential while also 
allowing for a high level of daylight into the room without 
warming the space or increasing the amount of cooling required, 
as demonstrated in the diagram (Fig. 12). 
 
5. Conclusion 
There is a discussion of the analytical and methodological gap in 
arranging skylights for the design of office buildings in this work. 
The immediate consequences of the impact of skylight design on 
the quality and execution of a building's quality and performance 
include energy efficiency, daylight savings, and aesthetic comfort. 
According to the studied literature, there was a limit in terms of 
introducing a dependable link between the building's features and 
skylight geometry into the design. The information pertaining to 
the skylight design has been viewed as a single surface in various 
configurations. This article developed a technique for determining 
the ideal skylight shape in a hot climatic zone in order to decrease 
energy consumption while increasing beneficial daylight. 

First and foremost, this study seeks to comprehend the 
importance of the skylight concerning the window on the wall 
during hot weather. So, the conclusion that is drawn from the 
initial analysis is that the skylight delivers sufficient daylight 
illumination for the purposes of the project. When the building is 
equipped with windows, the quantity of cooling required is lower. 
The goal of this article is to determine the ideal skylight shape in 
order to reduce energy consumption while increasing useable 
daylight in the second section. Grasshopper plugins (Ladybug and 
Honeybee) are used to compute energy consumption as well as 
usable daytime illuminance using the 3D model, Rhinoceros, and 
two Grasshopper plugins (Ladybug and Honeybee). The NSGA-II 
optimization method, which generates a collection of optimum 
solutions, is useful for architectural firms. 

The optimum solutions demonstrated the effectiveness of the 
optimization framework in reaching the optimal skylight shape for 
each of the objectives under consideration. Among all the 
proposed solutions in (Fig. 7), there are four that satisfy the goal 
in terms of reducing energy consumption and increasing daylight 
efficiency. As can be seen from (Fig. 12), solution 1 has a high 

UDI value. Also, compared to other suggested cases, the amount 
of cooling has been kept at its lowest level. On the other hand, it 
is perceived that despite the trivial difference compared to other 
cases, the heating value is at the highest level. In solution 2, UDI 
has an upward trend and the cooling value is intensified with a 
negligible difference compared to the previous model. Although 
solution 3 has an acceptable value in the range of 100-2000, it has 
the lowest rate among the competitors. It is clear that in the fourth 
solution, the value of UDI and cooling are both higher than the 
previous ones, and that is probably due to the intensification of the 
roof height. On the basis of the optimal forms proposed, the 
pyramidal form with a skylight to floor ratio of 0.70, which has 
the floor that has the largest area on the roof of the building and 
the skylight's top, which is approximately half the floor area (0.30), 
is suitable for a room with both a cube and a rectangular cube 
shape on the ceiling of the building. These ideal skylights provide 
the most appropriate light while using the least amount of 
electricity. This study's findings indicate that generating an 
undistorted digital image for more than 90 percent of the reference 
room locations while limiting energy consumption is feasible. At 
the same time, the DGP measurements for visual comfort are 
being investigated in this study. Each of the Pareto front's 
optimum solutions has a DGP in the range of unnoticeable glare 
between 0.151 and 0.260 for the summer and winter solstices, 
respectively. 

A multi-objective optimization technique generates a number of 
options rather than searching for a single optimal solution because 
the study aims to optimize the skylight design based on various 
performance factors. The authors fully acknowledge the 
limitations of this study as it can be difficult to identify a single 
ideal solution that meets all requirements. Despite all the 
limitations, the present study's technique can help designers create 
well-informed skylight designs that produce high-quality indoor 
environments while consuming less energy. By demonstrating the 
practicality of the recommended NSGA-II optimization technique 
and providing a benchmark by which to assess the effectiveness of 
skylight designs, our research may aid future investigations. 
Further research can enhance the optimization model and expand 
its applicability to different building types and environmental 
contexts. 
 

 
Fig. 12. A coordinate plot of objects in the Pareto front. 
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