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Abstract

In recent years, attention has focused on improving the health and satisfaction of employees by enhancing visual comfort in workplaces.
This involves providing adequate natural daylight, glare control, and outdoor views. Adaptive facades, leveraging technological
advancements, have gained popularity for improving indoor conditions but still face issues like window-area glare and insufficient
daylight in rear spaces. Previous research indicates that inclined walls can help control glare and allow larger windows with better light
distribution. This study examines the integration of an adaptive facade with an inclined wall to improve efficiency. It analyzes visual
comfort in three cities with different latitudes and solar radiation angles: Mogadishu, Tehran, and Moscow. Using Grasshopper in Rhino
software, the study evaluates visual comfort indices (UDI, ASE, sDA, DGP) for six employees on December 21 and June 21 at 9:00,
12:00, and 15:00. The results show that the integrated system effectively distributes daylight and controls glare, reducing it to 34% in
Mogadishu and 29% in Tehran. However, in Moscow, the system is less effective, requiring facade rotation towards the sky to reduce
glare to 25%. The research highlights the need to consider more variables such as window-to-wall ratio, material, and employees’
position or other objectives like energy consumption and thermal comfort for further research to improve the system.

© 2024 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

Ensuring optimal daylighting within architectural design is
critical, particularly given the predominant indoor lifestyles where
artificial light often supplants natural daylight [1]. The realm of
visual comfort extends its influence beyond mere illumination,
permeating the realms of occupants' health, well-being,
productivity, and job satisfaction [2,3]. Numerous factors
intertwine to maintain visual comfort within spaces, encompassing
illuminance levels, glare protection, and access to outdoor view
[4]. Enhancing access to daylight within indoor spaces not only
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lightens the lighting load but also diminishes the overall energy
consumption of a building. Nevertheless, the narrative takes a
twist when excessive exposure to sunlight unfolds, casting
undesirable glare and reflections [5]. Excessive radiation, called
glare, leads to eye fatigue, lack of concentration, and
dissatisfaction [6]. Glare is the physical discomfort an occupant
experiences due to excessive light or contrast within their field of
vision. This discomfort is determined by the luminance
distribution perceived by the observer, which may not correlate
well with the illuminance on the work plane [7]. In effective
daylight design, designers are urged to compose balanced
arrangements that mitigate the potential discomfort by harnessing
the full potential of daylight [8]. The narrative of daylight's
productivity for visual efficiency hinges on the delivery method,
prompting the recommendation to steer clear of direct sunlight in
areas demanding visual activities [9].
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The interplay between the interior and the external environment
is orchestrated through the facade. Sunlight utilization, access to
outdoor views, and the exchange of energy with the surroundings
find expression through this architectural interface. The building
envelope assumes a protective role, shielding structures from
external elements to mitigate solar insolation, thereby ensuring
occupant comfort and energy conservation [10]. Yet, the
conventional design often depicts envelopes or facade systems
with static solutions that remain impervious to the nuances of
seasonal or daily weather-climate variations, failing to resonate
with the dynamic interplay of the sky and the sun [11,12].
Recognizing the evolving conditions of sunlight throughout the
day and across seasons, designing a responsive facade, a dynamic
character in the architectural storyline that adapts to diverse
situations and elevates the performance of the building.

In contemporary architectural dialogues, the concept of an
Adaptive Solar Facade emerges as a central theme. Presented by
scholars and designers globally [13-17], this flexible, dynamic,

and modular facade is hailed as one of the most effective strategies.

Its narrative prowess lies in efficiently managing interactions
between the outdoor and indoor realms. It aims to maximize
winter heating, provide summer shading, facilitate natural
ventilation, offer acoustic insulation, transmit glare-free daylight,
and ensure overarching indoor comfort for occupants [ 18-20].

1.1. Background

As occupants increasingly seek comfortable and healthful living
spaces, the performance of buildings has evolved into a pivotal
concern. Consequently, the significance of the initial design phase
has been underscored, recognizing its role in making critical
decisions that profoundly impact both building performance and
occupant comfort [21]. Various solutions have been explored to
enhance daylight performance. These include innovative
approaches such as louver shading [22-26], folding shading [27-
29], overhang [30-32], solar screens [33-35], and kinetic shading
strategies [36-38].

Recently, various articles have focused on investigating self-
shading as a beneficial element for enhancing user comfort and
improving building performance. Mohammadi et al. [39]
conducted a study exploring the optimization of daylighting and
energy in classrooms. Wall inclination, building orientation, the
windows’ numbers, window-to-wall ratio (WWR), and glazing
material were examined. The study asserted that the inclination of
walls is also a determining factor in daylight autonomy (DA)
levels. In a related study, Mangkuto et al. [40] delved into
investigating of self-shading mechanisms in the classroom. This
research focused on inclined walls with windows on both sides,
creating bilateral daylight openings. In the scholarly work by
Mahdavinejad et al. [41], an exploration unfolds into the intricate
relationship between facade geometry and its consequential
impact on visual comfort and energy efficiency. Simulation results
from the study illuminate the essential role played by the window-
to-wall ratio and inclined walls in achieving a delicate balance
between daylighting performance and energy consumption.
According to this research, the inclined wall as a passive element
improves the building's performance by controlling the direct
sunlight and helps to control glare. This makes it possible to create
larger windows, maintaining the occupants’ quality view and
distributing daylight within the interior space. Despite the

improvement in building performance in controlling energy
consumption and enhancing sufficient lighting in indoor spaces,
the need to integrate this structure with other shading elements was
mentioned to achieve the mentioned LEED standards.

Some researchers have explored the impact of dynamic facades
as shading devices. In recent years, the scientific literature has
witnessed a growing focus on adaptive building envelopes, with
various definitions proposed [15,42]. Each definition underscores
the strategic significance of adaptive solutions, emphasizing their
capacity to interact with the external environment by altering their
geometry and properties in response to specific environmental
triggers and varying reaction times. A noteworthy study by
Borschewski et al. published in 2023 [43] emphasizes the
numerous advantages of adaptive facades (AF) over static
counterparts. These advantages include the reduction of energy
demand and building emissions, heightened indoor and outdoor
comfort, and aesthetic benefits. In the past few years, there has
been notable research on responsive facade design, focusing on
users' spatial dynamics and exposure to sunlight. These studies
aim to exert control over user comfort while harnessing the
potential of solar radiation. The demand for occupants’ thermal-
visual comfort has experienced a significant increase. As the
concept of comfort has evolved, altering facade configurations
dynamically presents an approach to enhance thermal and visual
comfort [44].

Wang et al. [45] strive to identify occupants' glare and thermal
comfort by examining occupants’ behaviors, using body
movements as external signs of discomfort. In the study conducted
by Ozdemir et al. [46], the assessment focused on the daylight and
glare quality within office spaces equipped with both a static and
an adaptive shading system facade. The findings indicated that the
office featuring a static facade experiences more direct sunlight
exposure than the office incorporating an adaptive shading system,
thereby reducing compliance with LEEDv4 standards. Caruso and
Kampf [47] employed parametric simulation, incorporating
variables such as orientation, compactness factor, and a self-
shading concept. Nevertheless, the challenge arises in striking a
balance between visual comfort and daylight due to daylight's
dynamic nature and the occupants' varying positions.

Various studies employed different methodological approaches,
which included utilizing biomimetics to determine the most
effective configurations for enhancing the performance of
building facades [48,49]. In a study conducted by Sommese et al.
[50], they suggest a design approach for a light-responsive kinetic
biomimetic system inspired by the functional characteristics of the
Gazania flower. The outcomes of parametric simulations
conducted for various occupant positions within an office building
situated in a temperate Mediterranean climate indicate that the
biomimetic kinetic system effectively regulates natural daylight
levels in the office space, ranging from 87.5% to 100%. This
system promotes both energy efficiency and occupants’ comfort.
In the research conducted by Hosseini et al. [51], an adaptive
facade was developed to adapt dynamically to changing daylight
conditions and occupant behavior to enhance visual comfort. The
simulation results demonstrated a high-performance level of the
adaptive facades in improving occupants’ visual comfort
compared to the base case. In the study conducted by
Toodekharman et al. [52], a typical patient room in Tehran was
examined using simulation tools to explore various daylight
factors. The research involved a comparison of four distinct
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responsive facades operating under identical conditions. The
findings revealed that window size does not impact glare for
individuals close to the window. However, at greater distances, a
responsive facade prevents glare on the patient. Consequently, if
increased daylight is desired, options include reducing the number
of individuals in the room or expanding its area to achieve the
desired distance of the bed from the window. Additionally,
practical solutions may involve modifying room layouts or,
implementing shading devices, light shelves, and intelligent
facades. Hence, the incorporation of self-shading building forms,
employing structured measures to control daylight, as suggested
in reference [44], holds considerable promise for inclusion in the
design of dynamic facades. This integration aims to enhance visual
comfort by responding to changing daylight conditions. In
addition, some researches that have focused on adaptive facade are
listed in Table 1.

1.2. Aims and scope

Various factors and indicators contribute to assessing visual
comfort and indoor environmental quality for occupants, including
access to sufficient light, control of glare, and a view of the
outdoor environment. With the advancement of technology, the
use of high window to wall ratio and adaptive shading systems has

Table 1. Presenting literature.

become widespread. Utilizing these systems not only enhances
employees' view but, through controlling additional solar radiation,
also leads to the design of offices with high efficiency. However,
one of the challenges in offices is the proper distribution of light
for employees. Reviewing previous research, has proven that even
the use of adaptive facades for a high window-to-wall ratio does
not fully provide visual comfort for occupants. Typically, those
near windows may experience dazzling radiance, while
individuals at the far end of the room resort to artificial lighting
due to a lack of access to daylight. On the other hand, according
to the research by Mahdavinejad et al. [41], rotating the fagade’s
wall at an appropriate degree controls glare for occupants near the
window, making it possible to use larger windows, which leads to
better light distribution in the room. However, due to the variation
in the degree of sun radiations, it is necessary to examine this more
precisely for other latitudes. This research aims to investigate the
effectiveness of integrating an inclined wall as a passive system
and an adaptive facade as an active system in providing visual
comfort for employees across different latitudes. Additionally, by
examining visual comfort indicators at different times for office
spaces and individual employees, it seeks to present a solution for
integrating active and passive elements in various latitudes.

Ref Case study Input variables

Discuss

Characteristic element

Tabadkani et al. A single office space
[17] in Tehran, Iran

X= Time parameters
X= Louver material
X= Rosette material
X= Louver depth
X= Rosette distance
Y=sDA, ASE, DA,
UDI, DGP

Oukati Sadegh et
al. [53]

office building in
Tehran, Iran

X= kinetic shading
movement

X= Different floors
Y= UDI, UDI over-lit,
UDI underlit, DA,
cDA, DGP, and ASE

Sommese et al. Single office space X= occupant positions

[50] in a temperate X= Depth and scale of
Mediterranean diamond form
climate Y=UDI, sDA, DGP,

EUDI (Exceed Useful
daylight illuminance)

The research introduces and applies
a two-step design and performance
evaluation framework for the
biomimetic design of versatile
kinetic facades.

This research draws inspiration
from the adaptive movements
observed in the Gazania flower.
The goal is to mitigate discomfort
associated with these variations and
reduce energy consumption from
artificial lighting.

The study assesses the visual
comfort of a responsive solar skin
on a south-facing office unit with |
an oriental design. It conducts a ]
parametric analysis to develop an
adaptive shading system for the
occupants.
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Tabadkani et al. Office spase in
[54] Australia Melbourne

X= occupant positions
X= Sun radiation

Y= View to outdoor
Y= Illuminance

X=Plant’s movement
Y= spatial Daylight
Autonomy (sDA)

Y= Useful Daylight
Illuminance (UDI)
Y= Exceeded Useful
Daylight Illuminance
(EUDI)

Y= Daylight Glare
Probability (DGP)

Hosseini et al. [55]  Office building is

located in Yazd, Iran

In this study, surrogate daylight
modeling is combined with fuzzy
logic and genetic optimization to
assess visual comfort for two
occupants.

The research employs the
biomimicry morphological
approach to derive formal
strategies inspired by the dynamic
daylight patterns of trees.

2. Methodology

This research examines how integrating inclined wall and adaptive
shading improves visual comfort in different latitudes. The
research framework was divided into three steps: (1) designing a
parametric facade model and identifying absorption points for
controlling excess solar radiation, incorporating active and passive
elements, (2) examining visual comfort indicators during summer
and winter revolutions for each occupant and office space, (3)
Determining the optimal solution for each case.

In the initial phase, the selection of a case study was informed
by the findings of Mahdavinejad et al. [41], specifically tailored
for office buildings. The parameters for the facade were then
meticulously chosen, drawing inspiration from the insights
provided by Toodekharman et al. [52]. Subsequently, the case
study model wunderwent meticulous development using
Rhinoceros (a 3D modeling software) coupled with Grasshopper
(a visual parametric plugin for Rhinoceros) [56,57]. Next, the
parametric model, integrated with Radiance and Energy-Plus [56,
57], underwent thorough simulation. Daylight and energy analyses
were conducted using the sophisticated Ladybug tools and
Honeybee [58-60] tools. In the second phase, Useful Daylight
[lluminance (UDI), sDA (Spatial Daylight Autonomy), ASE
(Annual Sunlight Exposure), and DGP (Daylight Glare
Probability) were assessed for six employees, and the average
room space on June 21 and December 21 at 9:00, 12:00, and 15:00.
This stage was conducted in three cities: Mogadishu (2.03 Latitude
and 45.35 Longitude), Tehran (35.7 Latitude and 51.4 Longitude),
and Moscow (55.7 Latitude and 37.6 Longitude). In the final
phase, after scrutinizing the conditions of employees for each city,
the most efficient solution among the three examined alternatives
was selected.

3. Simulated model

This research is classified as applied, offering recommendations
for enhancing visual comfort in office spaces by implementing
responsive facades. For a uniform analysis in three cities, the
optimal standard condition for office space was determined based

on Reinhardt’s office model [61], with dimensions of 2.8 m
(height)x 8.5 m (depth)x 3.9 m (width). The examination focuses
on the south side of the office, characterized by higher radiation
intensity and glare throughout the year. Additionally, previous
research [41] demonstrated the effectiveness of curved walls in
improving visual comfort in this model.

The research explores the efficacy of a concurrent design
featuring an inclined and responsive facade. Building on findings
from prior studies [39,41,62] that underscore the impact of an
inclined south wall, the model, illustrated in Fig. 1, divides the
south face, where windows are positioned, into two horizontal
sections: A) a fixed segment at the bottom, situated 0.7 m above
the floor; B) a dynamic segment at the top, capable of inclining in
both positive and negative directions. Mahdavinejad et al. [41]
have established that a wall angle between -30 and 30 degrees is
most effective for visual comfort. Consequently, the angle of the
south wall is examined in three cases: -30, 0, and 30 degrees.

In addition, three cities at different latitudes are chosen to
investigate planned scenarios under varying conditions through
simulation. Based on [52], a parametric fagade is selected and
modeled. The parametric responsive facade is algorithmically
coded in Grasshopper, with the sun's position serving as an
attraction point for the facade eclements, adjusting based on
occupant positions and sun movement. Figures 2 and 3 illustrate
the calculation of attraction points on the responsive facade.
Materials surface values for daylight performance simulation are
described in Table 2. Figure 4 illustrates adaptable facade modules
and three fagade models. Facade patterns are chosen based on
previous research results [52], and movement is considered along
different axes, resulting in diagonal movements executed through
folding. Each facade possesses a unique grid based on its geometry.

3.1. Selected city

For a better comparison, three cities in the Northern Hemisphere,
with different latitudes and receiving different angles of sunlight
at the same time, have been selected. Three cities are Moscow,
Tehran, and Mogadishu. Mogadishu, situated at coordinates 2.03
latitude and 45.35 longitude, serves as the capital of Somalia and
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Inclined wall

Standard model

Analysis model

Adaptive facade

Fig. 1. Showing simulated model.

Table 2. Materials surface values [63].

Component Material

Preferences

Interior Floor Generic floor

Interior wall White plaster wall
Interior ceiling

Window

White plastic paint
Single glazing

Exterior building surfaces Generic wall

20% Diffuse Reflectance
50% Diffuse Reflectance
80% Diffuse Reflectance
90% direct visual transmittance
35% Diffuse Reflectance

is positioned at an elevation of 9,000 meters above sea level.
According to the Koppen-Geiger climate classification, it falls
under the BShw category. Mogadishu receives an annual average
of 3,066 hours of sunshine, translating to 8.4 hours of sunlight per
day. The mean duration of daylight is 8 hours and 24 minutes, with
a 70% possibility of sunshine. Tehran, situated at 35.7 latitude and
51.4 longitude, represents Iran's central region with a semi-arid
and cold climate (Koppen-Geiger climate classification Bsk).
Experiencing significant variations in daylight, Tehran has its
shortest day on December 21 and its longest day on June 21.
Moscow, Russia's capital at 55.7 latitude and 37.6 longitude,
experiences a warm-summer humid continental climate (K&ppen
climate classification Dfb). It has warm to hot summers and long,
cold winters. Daylight duration varies, from 7 hours on December
22 to 17 hours on June 22. The maximum sun height above the
horizon ranges between 11° on December 22 and 58° on June 22.
Figure 5 illustrates annual total sun radiation and annual direct sun
radiation for each city. The Simulated properties explained in
Table 3.

3.2. Daylight metrics

Various metrics have been established to assess the sufficiency of
daylight and visual comfort. In this research, the chosen daylight
criteria include Useful Daylight Illuminance (UDI), Spatial
Daylight Autonomy (sDA300/50%), and Annual Sunlight
Exposure (ASE1000, 250). ASE reflects the percentage of an area
exposed to excessive direct sunlight that may lead to visual
discomfort (glare), while sDA represents the percentage of an area

receiving adequate daylight. The metrics sDA300/50% and
ASE1000,250 align with LEED v4 guidelines [64]. These
guidelines specify that no more than 10% of the space should be
exposed to direct sunlight exceeding 1000 lux for a maximum of
250 hours per year (ASE1000,250 < 10%), and a percentage of the
area should meet a minimum daylight level of 300 lux for at least
50% of the working hours per year (sDA300/50% > 75%) [65].

Finally, the UDI metric was initially proposed in 2005 in a paper
by Nabil and Mardaljevic [66]. UDI assesses the percentage of
time in a year during which the interior daylight illuminance in a
room falls within a specific illuminance range. In essence, UDI
reflects the annual frequency of daylight illuminances falling
within a designated range. Within dynamic models, UDI
establishes both upper and lower thresholds. Santos et al. applied
the UDI metric using four different bins: UDI underlit, indicating
insufficient daylight requiring artificial lighting (<100 Ix); UDI
useful, representing the proportion of time daylight is beneficial
for functional purposes but needs supplementation with a certain
amount of artificial lighting (100-300 Ix); UDI autonomous,
indicating that the office space can rely solely on daylighting to
meet light requirements without the risk of visual discomfort or
excessive heat gains (300-2000 Ix); and UDI overlit, indicating
excessive daylight levels that might lead to visual discomfort and
indoor overheating (>2000 1x) [67]. In 2022, Fang et al. stated that
illuminance in the "range 300 to around 2000 lux in office space
could only rely on daylighting to satisfy the illuminance
requirements" [68]; Therefore, these values were utilized in the
present study.
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Fig. 2. Attractive points based on occupant’s position and sun movement; (a) plan and (b) section.

Fig. 3. Example of how to calculate attractive point for different fagade only for person3.

Fig. 4. Adaptable facades modules and three facade’s model.
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Glare is defined as "a human sensation that describes light
within the field of vision that is brighter than the brightness to
which the eyes are adapted" [69]. Over the past decade, a metric
and evaluation method for assessing daylight glare have been
developed [70]. Wienold and Christoffersen introduced the
daylight glare probability (DGP) metric, tailored specifically to
address daylight glare issues in indoor environments [69].
Wienold highlighted the necessity of evaluating glare in office
spaces dynamically throughout the year, rather than in isolated
static instances [71]. He proposed an improved and simplified
DGP calculation method suitable for annual dynamic glare
assessment. Moreover, the Daylight Glare Probability (DGP) is
employed to anticipate the potential glare risk for occupants.
Daylight glare probability is categorized into four groups:
imperceptible (30-35%), perceptible (35-40%), disturbing (40—
45%), and intolerable (45—-100%) [63].

4. Results

In this section, facades are examined on June 21 and December 21
at 9:00, 12:00, and 15:00 for Mogadishu, Tehran, and Moscow. To
assess the occupants' visual comfort in detail, all indices are
evaluated for each of the six occupants, in addition to the office
conditions.

KWh/m2
(a)

71.07
63.97
56.86
49.75
42.64

Total Radiation Total Radiation
01 Jan 00:00 - 31 Dec 23:00

city : Mogadishu.Intl. AP city : Tehran Mehrabad

country : SOM country : IRN
time-zone : 3.0 time-zone : 3.0
source : SRC-TMYx source : ITMY

( b) kWh/m2

71.07
63.97
56.86
49.75
42.64
35.54
28.43
21.32
14.21
711

0.00
Direct Radiation

Direct Radiation
01 Jan 00:00 - 31 Dec 23:00
city : Mogadishu.Intl.AP

city : Tehran Mehrabad

country : SOM country : IRN
time-zone : 3.0 time-zone : 3.0
source : SRC-TMYx source : ITMY

01 Jan 00:00 - 31 Dec 23:00

01 Jan 00:00 - 31 Dec 23:00

4.1. Facade 1

This section compares the high-window to wall ratio office's
facade across different latitudes. It utilizes an adaptive facade to
control the occupant's glare. In this case, the dynamic facade
configures itself using folding movements of modular elements to
control daylight regarding the sun and employees' positions,
varying based on the sun’s daily scenarios; also the fagade’s wall
is completely vertical. Tables 4 to 6 display the values of UDI,
sDA, ASE, and DGP for each employee on December 21 and June
21. For Mogadishu, the average UDI for office space is 57.7%. In
this example, the distribution of useful daylight illuminance in the
office space is predominantly for persons 4 to 6 (with an average
of 80.3%) in a suitable daylight radiation state. The average sDA
for the entire office space ranged from 46.2% to 63%. The average
ASE for office space is 10% to 14%. For Tehran, despite
controlling the benevolent radiation for employees near the
window, the UDI index for persons 1 and 2 in June is 1.4%, and
on December 21, it is 16.3%. The average UDI for persons 4 to 6
is 78.8%. Moreover, the average sDA for the entire office space
ranges from 58% to 75.6%, and the average ASE for office space
i8 32% to 42%. The average UDI for Moscow's office space ranges
between 43.1% and 45.6%. This value ranges from 18.7% to 63.7%
for occupants. The average sDA for the entire office space ranged

kWh/m2 kWh/m2

62.25 4317

56.03 38.85

49.80 34.53

43.58 30.22

37.35 25.90

I 31.13 21.58

)| 280 17.27

/= 18.68 78 12.95
1245 863

/
/ - I6,23 I4,32
(2) 0.00 (3) 0.00

Total Radiation
01 Jan 00:00 - 31 Dec 23:00

city : Moscow-Bibirevo
country : RUS
time-zone : 3.0
source : SRC-TMYx

kWh/m2 kWh/m2

62.25 43.17

56.03 38.85
49.80
43.58
37.35
31.13

24.90

18.68

// 12.45
I6.23
’ (2)Mo.00

Direct Radiation

01 Jan 00:00 - 31 Dec 23:00
city : Moscow-Bibirevo
country : RUS

time-zone : 3.0

source : SRC-TMYx

Fig. 5. (a) annual total sun radiation and (b) annual direct sun radiation (1-Mogadishu, 2- Tehran, 3-Moscow).
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from 51.3% to 63.9%, and the average ASE ranged between 35%
and 49%.

Results indicate that, despite helping achieve a more
proportional distribution of sunlight in the office spaces for Tehran
and Mogadishu, the average ASE is high. Furthermore, Moscow,
because of occupant glare and improper light distribution,
indicates the inefficiency of this city. By comparing the users'
comfort levels at the times examined, the results indicate for
Mogadishu, 86.11% is imperceptible glare, 2.7% is perceptible,
and 11.1% is disturbing glare for occupants. For Tehran, 8.3% is
perceptible glare, 5.5% is intolerable glare, and at other times,
imperceptible glare. However, for Moscow, 11.1% is intolerable
glare, 5.5% is disturbing glare, and 5.5% is perceptible glare.

4.2. Facade 2

In this case, in addition to the analysis of the responsive facade,
the facade wall has been inclined by 30 degrees to prevent direct
sunlight from entering the interior with self-shading strategy.
Tables 7 to 9 precisely present the results of this case on visual
comfort indices for each occupant. The simulation results confirm

Table 3. Simulated properties.

the high performance of integrating self-shading and adaptive
facades to improve Mogadishu and Tehran's visual comfort. Table
7 demonstrates that the combination of an inclined wall and an
adaptive facade leads to an average sDA and UDI of 51.4% and
54% for Mogadishu. In this city, UDI differs slightly at 9:00, 12:00,
and 15:00 on June 21 and December. However, UDI for persons 1
to 4 is in a better condition, and the average is 84.8%. This case
has higher efficiency for Tehran in June than in December, but the
sDA and UDI levels vary slightly at different monthly hours. In
June, the average sDA and UDI for office space are 58.5% and
51.9%, while in December, they are 42.3% and 40.7%. In June,
people 3 to 6 have an average UDI of 78.84%, and in December,
people 1 to 4 have an average of 76.4% have adequate daylight.
However, this case reduces useful daylight illuminance foe
Moscow compared to the base scenario. In this case, the average
sDA and UDI for June are 45.8% and 39.3%, and for December,
they are 34.1% and 32.6%. Adequate daylighting in indoor spaces
has only been provided for two employees in each scenario. The
average ASE for Mogadishu is 0%, an 8.6% reduction compared
to the previous model. For Tehran, it is 16.6%, representing a 23%

Parameter Value
Location Somalia, Mogadishu (2.03 Latitude and 45.35 Longitude)
Iran, Tehran (35.7 Latitude and 51.4 Longitude)
Russia, Moscow (55.7 Latitude and 37.6 Longitude)
Occupation Office building
Working hours 8:00 am to 4:00 pm
Window orientation South

Office dimension

Window to wall ratio 70%
Wall inclination degree -30,0, 30
Fagade dimension Im*0.5m

Opening and closing percentage Between 9% and 100%

2.8 m (height)x 8.5 m (depth)x 3.9 m (width)

Table 4. Facadel daylight performance in Mogadishu.

Office hours
Scenario 9:00 12:00 15:00
sDA ASE UDI DGP sDA ASE UDI DGP sDA ASE UDI DGP
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
21 Personl 88.9 - 28.3 30 88.9 28 34 88.9 - 29 31
Jun person2 88.9 - 293 30 88.9 28.5 33 88.9 - 29.2 30
Person3 88.8 - 88.9 24 88.9 88.9 26 88.8 - 88.9 24
Person4 889 - 88.9 24 88.9 88.9 26 88.9 - 88.9 25
Person5 19.6 - 84 23 16.2 83.8 25 13.5 - 83.1 23
Person6 6.5 - 85 23 8.8 84.9 25 13 - 84.1 24
Mean 63 14 60.1 - 63 14 60.2 - 62.2 14 59.9 -
21 Personl 88.9 - 292 37 88.9 28 41 88.9 - 62.1 40
Dec person2 88.9 - 28.3 44 88.9 29.5 40 88.6 - 87.4 30
Person3 88.8 - 88.9 29 88.8 88.9 29 722 - 87.8 27
Person4  88.8 - 88.9 31 88.9 88.9 29 53.4 - 84.9 26
Person5 224 - 84.5 26 6.3 84.9 26 0 - 142 26
Person6 18 - 84.4 26 11 84.7 26 0 - 9.8 25
Mean 622 14 60.1 - 62.2 14 60.1 - 46.2 10 46.1 -
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Table 5. Facadel daylight performance in Tehran.

Office hours
Scenario 9:00 12:00 15:00
sDA ASE UDI DGP sDA ASE UDI DGP sDA ASE UDI DGP
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
21 Personl 88.9 - 0 33 88.9 0 39 88.9 - 0 34
Jun Person2 88.9 - 2.9 35 88.9 2.9 37 88.9 - 3 30
Person3 88.9 - 65.4 26 88.9 70.4 28 88.9 - 68.7 26
Person4 88.5 - 67.7 27 88.4 66.8 28 88.9 - 68 25
Person5 71.3 - 88.4 25 66.6 87.6 26 71.5 - 88.6 25
Person6 72.3 - 86.9 25 74.8 87.8 26 774 - 86.5 23
Mean 73.1 42 533 - 74.8 42 534 - 75.6 42 53.5 -
21 Personl 88.9 - 20.3 28 88.9 8.4 100 88.9 - 21 32
Dec Person2 88.9 - 11.1 100 88.9 15.6 31 88.9 - 21.6 24
Person3 88.9 - 88.2 25 88.9 83 32 85.3 - 82.3 29
Person4 84.7 - 88.5 30 85.9 84 30 84.7 - 85.3 24
Person5 15 - 68.6 25 36.8 79.2 29 27.5 - 76.4 25
Person6 23.1 - 70.3 27 32.8 78.6 28 33.6 - 76.2 24
Mean 58 32 49.9 - 63.9 40 53.1 - 59.7 40 51.8 -
Table 6. Facadel daylight performance in Moscow.
Office hours
Scenario 9:00 12:00 15:00
sDA ASE UDI DGP sDA ASE UDI DGP sDA ASE UDI DGP
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
21 Personl 80.9 - 23.7 33 80.8 23.9 42 80.6 - 23.9 45
Jun Person2 80.6 - 18.9 38 80.6 18.9 43 80.5 - 18.7 37
Person3 65.4 - 61.7 26 67.3 59 30 67.4 - 59.5 30
Person4 68.3 - 61.2 28 67.4 62.5 31 68.9 - 61.7 28
Person5 41.2 - 59.5 25 40.1 59.5 27 42.1 - 59.7 26
Person6 39.1 - 60.4 25 422 60.6 27 36.7 - 61 26
Mean 63.9 49 45.6 - 63.9 49 455 - 63 49 45.5 -
21 Personl 80.7 - 24 20 75.6 37.8 26 78.1 - 339 26
Dec person2 80.5 - 18.9 28 75.2 385 100 74.7 - 46.2 19
Person3 67.7 - 60.3 17 55.8 61.6 28 57.9 - 62 25
Person4 69.2 - 64.1 24 60.4 63.7 29 56.3 - 63.6 20
Person5 38.9 - 59.7 12 20.3 45.5 100 11.1 - 47 24
Person6 36.5 - 61 22 19.9 47 100 19 - 459 20
Mean 63.9 49 45.6 - 51.3 35 43.1 - 52.1 35 44.6 -

reduction, and for Moscow, it is 22.6%, a 21.7% reduction. The
level of imperceptible glare for Mogadishu and Tehran is 0%,
while for Moscow, it is 16.6%. Disturbing glare is 0% for all cities;
perceptible glare is 2.7% for Mogadishu and 5.5% for Tehran and
Moscow. Additionally, imperceptible glare is 97.2% for
Mogadishu, 94.4% for Tehran, and 77.7% for Moscow.

4.3. Facade 3

In this scenario, the all-glass facade is inclined towards the sky by
30 degrees to receive more sunlight. The results of this analysis
are presented in Tables 10-12. For Mogadishu, sunlight radiation

varies for June and December. The average sDA and UDI are 62.7%

and 52.6% for June, and 44.3% and 44.9% for December. In June,
people 3 to 6 have adequate daylighting with an average UDI of
87.1%, but most employees do not receive adequate daylight in

December. This case increases the average UDI in June compared
to the previous model and decreases this index in December. For
Tehran, using this system in June leads to a decrease in UDI, and
in December, it increases. The average sDA and UDI are 66.1%
and 46.7%, respectively. In December, persons 3 to 6 are in
suitable conditions with an average of 77%. The use of this system
for Moscow, similar to Tehran, leads to a decrease in UDI in June
and an increase in December. The average sDA and UDI for June
are 49.8% and 38%, and for December, they are 58.4% and 42.9%.
The average ASE for Mogadishu, Tehran, and Moscow are 25.8%,
48.3%, and 46.3%, respectively. In this case, Tehran has the
highest intolerable glare with 13.8%, followed by Moscow with
5.5%. Intolerable glare is 0% for Mogadishu, and disturbing glare
is 2.7%. The disturbing glare for Tehran and Moscow is 5.5%.
Additionally, perceptible glare is 13.8% for Mogadishu, and for
Tehran and Moscow, it is 8.3%.
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Office hours
Scenario 9:00 12:00 15:00
sDA ASE UDI DGP sDA ASE UDI DGP sDA ASE UDI DGP
(%) (%) ) (%) (%) (%) (%) ) %) (%) (%) (%)
21 Personl 88.9 - 81.4 29 88.9 - 80 33 88.9 - 81.3 29
Jun Person2 88.9 - 82.5 28 88.9 - 82.2 32 88.9 - 80.5 29
Person3 82.8 - 88.7 24 80.1 - 88.6 26 78 - 88.4 24
Person4 75.4 - 88.6 23 78.6 - 88.7 26 80.5 - 88.7 24
Person5 0 - 27.3 23 0 - 22.3 25 0 - 26.8 23
Person6 0 - 25.4 22 0 - 28 25 0 - 36.1 23
Mean 51.3 0 50.2 - 51.3 0 50.1 - 51.3 0 49.8 -
21 Person] 88.9 - 81 30 88.9 - 82.7 35 88.9 - 78.4 34
Dec person2 889 - 82.1 33 88.9 - 81.3 34 88.9 - 80 29
Person3 77.1 - 88.6 26 80.1 - 88.6 27 76.4 - 88.6 27
Person4 81.6 - 88.6 27 79.7 - 88.7 27 83.2 - 88.7 25
Person5 0 - 27.9 25 0 - 27 26 0 - 22.8 26
Person6 0 - 29.4 26 0 - 29.6 26 0 - 343 25
Mean 52.1 0 50.1 - 51.3 0 50.2 - 51.3 0 50 -
Table 8. Facade2 daylight performance in Tehran.
Office hours
Scenario 9:00 12:00 15:00
sDA ASE UDI DGP sDA ASE UDI DGP sDA ASE UDI DGP
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
21 Personl 88.9 - 20.1 32 88.9 - 20.6 36 88.9 - 20.2 31
Jun person2  88.9 - 222 32 88.9 - 222 35 88.9 - 222 29
Person3 83.3 - 88.9 25 85.3 - 88.9 28 82.4 - 88.9 25
Person4 81.6 - 87.6 26 79.8 - 87.3 27 83.6 - 86.5 24
Person5 6.8 - 68.4 25 10 - 70.7 26 10.6 - 69.3 25
Person6 9.4 - 71.6 25 5 - 76.2 26 19.8 - 61.8 23
Mean 58.8 22 51.9 - 58 22 52.1 - 58.8 22 51.7 -
21 Person] 88.8 - 77.6 25 88.6 - 80.4 30 88.9 - 66.7 28
Dec person2 889 - 64.4 30 86.8 - 85.5 29 82.1 - 81.8 22
Person3 439 - 85.3 24 22.7 - 75.9 28 19.6 - 75.3 25
Person4 53.4 - 81.3 27 30.3 - 78 27 14.3 - 65.6 23
Person5 0 - 11.9 24 0 - 0 27 0 - 2.4 19
Person6 0 - 10.4 26 0 - 1.9 27 0 - 2.7 16
Mean 454 14 43.1 - 42 13 39.5 - 39.5 7 39.7 -
Table 9. Facade2 daylight performance in Moscow.
Office hours
Scenario 9:00 12:00 15:00
sDA ASE UDI DGP sDA ASE UDI DGP sDA ASE UDI DGP
() () () (%) (%) () () () () (%) () ()
21 Personl 73 - 44.5 29 73.8 - 43.9 35 73.2 - 424 34
Jun Person2 73.5 - 459 32 73.7 - 47.7 35 74.2 - 45.8 31
Person3 53 - 60.6 24 51.2 - 60.5 27 51.5 - 61.3 27
Person4d 52 - 61.5 26 50.7 - 61.2 28 52.1 - 61.5 26
Person5 5 - 31.8 24 5.6 - 339 26 6.1 - 343 26
Person6 2.5 - 29.7 26 6.5 - 335 27 3.6 - 342 25
Mean 46.2 30 39.2 - 454 30 39.3 - 46.2 30 394 -
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21 Personl 72.6 - 429 18 63.2 - 63.3 79 67.5 - 60.3 25
Dec porson2 738 - 443 26 67.1 - 63.9 100 59.7 - 61.4 18
Person3 483 - 60.8 13 13 - 33.8 100 242 - 36.5 58
Persond  51.7 - 61.8 24 17 - 36.8 100 12.1 - 32.1 19
Person5 7.7 - 313 4 1.1 - 3.9 28 2 - 45 24
Person6 2.3 - 30.0 14 1.8 - 55 100 1.5 - 3 16
Mean 445 30 39.1 - 30.3 12 299 - 27.7 4 29 -
Table 10. Facade3 daylight performance in Mogadishu.
Office hours
Scenario 9:00 12:00 15:00
sDA ASE UDI DGP sDA ASE UDI DGP sDA ASE UDI DGP
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
21 Personl 88.9 - 1.4 30 88.9 - 14 35 88.9 - 1.5 31
Jun person2 889 - 0 30 88.9 - 0 34 88.9 - 0 30
Person3 88.9 - 88.3 24 88.9 - 88.2 26 88.9 - 88 24
Persond  88.9 - 88.7 23 88.9 - 88.7 26 88.9 - 88.4 24
Person5 9.6 - 86.2 23 14 - 85.8 26 14.7 - 85.7 24
Person6 13.3 - 85.5 22 16.7 - 86.7 24 17.1 - 85.3 23
Mean 622 28 52.8 - 63 28 52.5 - 63 28 52.6 -
21 Personl 88.9 - 20.4 37 88.3 - 59.2 36 88.8 - 23.8 41
Dec porson2 88.9 - 24.7 37 88.5 - 60.3 36 88.9 - 22.1 34
Person3 71.4 - 88.7 29 15.4 - 72.5 28 77.5 - 88.7 30
Persond  79.8 - 88.8 30 6.8 - 76.9 28 75 - 88.7 29
Person5 0 - 39.4 26 0 - 135 26 0 - 40.6 26
Person6 0 - 36.4 26 0 - 7 26 0 - 39.8 26
Mean 47.1 27 43.8 - 38.7 17 36.7 - 47.1 27 43.9 -
Table 11. Facade3 daylight performance in Tehran.
Office hours
Scenario 9:00 12:00 15:00
sDA ASE UDI DGP sDA ASE UDI DGP sDA ASE UDI DGP
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
21 Personl 88.9 - 0 40 88.9 - 0 40 88.9 - 0 45
Jun person2 889 - 0 46 88.9 - 3 39 88.9 - 0 36
Person3 88.9 - 372 28 88.7 - 87.9 28 88.9 - 36.2 28
Person4 889 - 36.7 30 80.4 - 87.3 28 88.9 - 353 27
Person5 818 - 88.9 25 0 - 75.7 26 83 - 88.8 25
Person6 75 - 88 26 6.4 - 70.7 26 75.9 - 88.4 25
Mean 75.6 55 46 - 53.8 36 44.9 - 76.5 55 459 -
21 Personl 88.9 - 15 79 88.9 - 0 100 88.9 - 0.9 30
Dec person2 889 - 24 100 88.9 - 3.9 32 88.9 - 2.7 25
Person3 88.5 - 79 26 88.9 - 70.7 35 88.9 - 60 32
Persond  88.6 - 728 34 86.5 - 73.6 31 87.7 - 65 25
Person5 18.8 - 82.2 26 30.9 - 85.2 30 39.6 - 86.5 27
Person6  26.6 - 80.2 27 20.9 - 83.5 28 47.1 - 85.8 24
Mean 60.5 46 47 - 63.9 47 47.6 - 66.4 51 48.8 -
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Table 12. Facade3 daylight performance in Moscow.

Office hours

Scenario 9:00 12:00 15:00
sDA ASE UDI DGP sDA ASE UDI DGP sDA ASE UDI DGP
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
21 Personl 79.5 - 25.9 33 81.2 28.1 37 81.3 - 243 40
Jun - person2 82.9 - 17.3 39 80.6 20.1 38 82.1 - 183 40
Person3 51.8 - 61.7 27 59.5 61.4 29 56.8 - 62.1 30
Persond  61.6 - 62 28 63.7 62.8 30 60.7 - 63.1 29
Person5 6.4 - 47 25 7 475 26 9.2 - 49.4 26
Person6 9.5 - 485 25 5.5 494 26 10.5 - 49.6 26
Mean 48.7 41 37.6 - 50.4 45 38.4 - 50.4 41 382 -
21 Personl 83.4 - 15 22 79.9 38.4 25 82.5 - 23.6 26
Dec porson2 83.5 - 13.9 28 81 26.6 26 79.4 - 312 19
Person3 71.1 - 437 18 62.9 61 27 67.8 - 57.1 26
Persond  71.6 - 453 25 65.9 62.4 29 67.7 - 59.7 20
Person5 46 - 62.5 13 14.2 527 75 38.7 - 55.1 25
Person6 49 - 62.9 23 143 51.9 100 26.2 - 56.8 20
Mean 65.5 60 414 - 529 46 429 - 57.1 45 44.4 -

5. Discussion

The architectural building's form is a crucial factor in improving
the quality of indoor spaces and enhancing the building's
performance. Designing an appropriate form leads to achieving
high-performance design. Simultaneous design of the facade form
using an adaptive facade helps control excessive sun radiation. It
enables the redirection of indirect light into the interior space for
the use of natural lighting. This research compares inclined-wall
integration as a passive element and adaptive shading as an active
element across different latitudes. The selected cities for
comparison are Mogadishu, Tehran, and Moscow. To control
excessive sun radiation, the occupant's position was used as the
basis for the attractive points of the facade. This was done to
minimize the closure of the facade during different hours of the
day, allowing the redirection of indirect light and providing
employees with a view of the external environment. Simulations
were performed for three facade configurations: a high-window to
wall ratio facade with a vertical wall, a 30-degree self-shading
strategy, and a facade rotated 30 degrees towards the sky. Detailed
data analysis was conducted for six occupants on June 21 and
December 21 at 9:00, 12:00, and 15:00, considering identical
conditions for a fair comparison between selected cities. Adaptive
shading plays a significant role in utilizing natural daylight in
office spaces and controlling glare in the interior. The data
analysis for persons 1 and 2 during December indicates that the
first model has an average glare of 40% for Mogadishu, 65% for
Tehran, and 63% for Moscow. The second model reduces the
average glare for persons 1 and 2 to 34% for Mogadishu and 29%
for Tehran but increases it to 89% for Moscow. The third model
changes this value to 36% for Mogadishu and 66% for Tehran,
reducing the average glare for persons 1 and 2 to 25% for Moscow.
Table 13 compares glare for each of the three examined facades at
12:00 on December 21 for all three cities. In the analysis of glare
for persons 3 to 6, the possibility of glare existed only in the city

of Moscow. In all three models for the cities of Tehran and
Mogadishu, the glare was less than noticeable.

The results indicate that despite aiding in the proper distribution
of daylight in indoor spaces in Mogadishu and Tehran, the use of
the first facade may not be suitable for employees near windows
who do not have visual comfort. The average UDI in the first
facade for persons 1 and 2 is 36.4% for the city of Mogadishu and
8.9% for Tehran. For persons 3 to 6, this amount is 80.3% for the
city of Mogadishu and 78.8% for Tehran.

Compared with the second fagade, for Mogadishu, the first
fagade minimizes ASE (down to 0%) and increases sDA to over
50%. This suggests the achievement of the designed fagade to
achieving the LEED standard. Furthermore, this facade design
ensures that, except at 12:00 in December, person 1 (DGP=35%)
experiences imperceptible glare while others are in favorable glare
conditions. For a detailed comparison with the third facade in
Mogadishu, the average ASE index increases by 12.5%, sDA
decreases by 6.35%, and UDI decreases by 10.7% compared to the
initial model.

A comparison between the first and second fagades for the city
of Tehran reveals that, due to the 30-degree rotation of the wall as
self-shading strategy, there is effective control over direct sunlight
penetration into the indoor space. This resulted not only in glare
control and improved useful daylight for the entire office space but
also led to a reduction in UDI, ASE, and sDA. However, the use
of the third fagade for Tehran, despite assisting in achieving proper
light distribution for the end of the office space (persons 5 and 6),
causes issues in areas near the window due to excessive sunlight.
The average UDI for persons 1 and 2 is 1.2%, although the average
UDI for persons 3 to 6 is 72.7%. The significant glare control and
assistance in proper light distribution within the office space make
the design of the second fagade contribute to increased building
efficiency for both Mogadishu and Tehran.

In the case of Moscow, glare control is a crucial concern for
occupants in addition to achieving proper light distribution. At
12:00 on December 21, glare issues exist for employees, with 50%

2383-8701/© 2024 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/).


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

161 F. Mehrvarz et al. / Journal of Daylighting 11 (2024) 149-164

Table 13. Analysis glare for each of the three examined facades at 12:00 on December 21.

Facade 1

Moghadishu

Moscow

Person2
20%

in the first fagade, 83.3% in the second fagade, and 33.3% in the
third fagade. Similarly, on June 21, glare problems persist for
persons 1 and 2. In the first facade, at 9:00, person one experiences
imperceptible glare, while person two perceives it as perceptible
glare. At 12:00, both persons 1 and 2 face a disturbing glare and
person 3 to 4 face imperceptible glare, and by 15:00, person 1
encounters an intolerable glare, and person two senses it as a
perceptible and person 3 face imperceptible glare. And on 21
December only at 12:00 person 2, 5 and 6 face intolerable glare.
For the second facade on June 21, at 9:00 person 2 face
imperceptible glare, at 12:00 person 1 and 2 face perceptible glare,
and at 15:00 person 1 and 2 face imperceptible glare. On
December 21, at 9:00, none of the occupants faced glare. But at
12:00 all occupants except person 5 face intolerable glare.In the
third facade during this month, at 9:00, person 1 has imperceptible
glare, person 2 perceives it as perceptible glare; at 12:00, persons
1 and 2 experience perceptible glare and person 3 face
imperceptible glare, and at 15:00, person 1 and 2 face disturbing
glare. On December 21, none of the employees were faced with
glare except person 5 and 6 at 12:00 who had intolerable glare.
Comparing the three facades, the second fagade has the lowest

Facade 2

Facade 3

ASE with 22.6%, the highest sDA belongs to the first facade with
59.6%, and the highest UDI is associated with the first facade at
44.9%. Due to proper light distribution and effective glare control,
the third facade's performance surpasses others for Moscow.

6. Conclusion

The form of a building has a direct impact on its performance and
environmental quality improvement. The design of the form
depends on various conditions, including the direction of sunlight,
the amount of received radiation, shading, climate, etc. In different
conditions, optimal form design varies. On the other hand,
responsive facade design enables adaptation and improve indoor
conditions based on environmental changes, such as seasonal
variations and sun positions.

Although previous research has individually addressed each of
these features, the evaluation of the integration or lack of
integration of these two elements has received less attention. This
article examines the integration of the inclined wall as a passive
element and the adaptive fagade as an active element. For a better
comparison, three cities, Mogadishu (2.03 latitude and 45.35
longitudes), Tehran (35.7 latitudes and 51.4 longitudes), and
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Moscow (55.7 latitudes and 37.6 longitudes), were investigated
under comparable conditions. According to the Reinhardt standard,
the study model represents an office space with dimensions of 3.1
height x 3.9 width x 8.5 depth. Analyses were conducted on
December 21 and June 21 at 9:00, 12:00, and 15:00 for six
employees to access visual comfort conditions in office interiors.
The examined comfort indices include UDI, ASE, sDA, and DGP.
The results indicate:

e Despite the importance of using adaptive systems to control
indoor conditions in previous research, integrating them
with other passive systems can enhance the efficiency and
performance of the building. The building's form is one of
the most crucial factors in achieving adequate daylighting
distribution in the interior space. However, examining the
suitable form requires a more detailed investigation under
different conditions, and the angle of sunlight plays a
significant role in the optimal form.

e Comparing between cities, Mogadishu has the highest UDI
value, and Moscow has the highest discomfort glare.

e Although the use of self-shading has increased facade
efficiency for Tehran and Mogadishu, in Moscow, due to
the inclined sunlight, it has increased discomfort and glare
for occupants. In Moscow, using the third facade resulted
in proper sunlight distribution and reduced discomfort
glare compared to other examined facades.

e While glare control only applies to individuals near the
window for Mogadishu and Tehran, in Moscow, there is a
possibility of discomfort glare even in the end section of
the office space.

e To assess the building's performance and evaluate the
visual comfort indices for space, examining the quality of
these indices for each occupants presents accurate
information about the system's efficiency or inefficiency.

This research has focused on examining the integration of
inclined wall as a passive element and adaptive facade as an active
element in high-window to wall ration. This study introduces
innovative aspects of facade design and recommends using
inclined walls to enhance visual comfort and adequate natural light.
For better comparison, three cities with different latitudes were
selected for this system. Due to the difference in the angle of
sunlight in each of the three locations, three different degrees for
wall inclination (-30;, 0" and 30f) were examined, and to further
investigate the precise impact of changes in angle, all other
conditions were kept exactly the same. Therefore, the research has
limitations; for instance, other facade variables such as the
window-to-wall ratio, glazing material, and other angles and forms
have not been examined. It is suggested that future studies
consider these additional variables. Moreover, the energy
consumption of the building and the thermal comfort of employees,
which is a crucial factor in the facade and building design, have
not been investigated. To further develop this model in future
research, exploring energy consumption alongside visual comfort
is advisable.
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