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Abstract 
As advanced technologies become prevalent, they are being used more widely in numerous fields. The building sector is not an exception. 
One of these cutting-edge technologies is responsive facades, which are used in buildings and have an undeniable effect on daylighting. 
However, they have not been adequately evaluated for improving visual comfort in hospitals. This study investigates visual comfort in 
a standard patient room, based on applying four responsive facades. Simulations were conducted using HoneybeePlus, a plugin in the 
Grasshopper. Simulation-based results of annual indicators, including Annual Sunlight Exposure (ASE) and spatial Daylight Autonomy 
(sDA), showed that different facades could result in several optimal modes. Furthermore, a more comprehensive investigation should 
consider factors such as Daylight Glare Probability (DGP) and Daylight Glare Index (DGI). Glare indicators revealed that facade directly 
affects patient visual comfort and can even have an adverse effect. When the optimal responsive facade is chosen, it enhances users' 
visual comfort throughout the year, yet there will be still glare probability in some cases. Based on the results, this probability decreases 
as patient distance increases, and Window to Wall Ratio (WWR) is not particularly effective in reducing glare. Nevertheless, when it 
comes to daylight availability, WWR cannot be ignored, and the first façade with WWR 60% showed the best overall performance. 

© 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
As a member of the modern world, applied technologies have a 
significant role to play in various topics. For example, 
construction technologies are increasingly growing, and new 
buildings are turning to the use of advanced techniques and 
sustainable materials [1]. Different parts of the building can be 
updated according to available technologies, as well as other 
parameters such as its impact on energy consumption and user 
comfort. The building envelope is one of the main parts of the 
building that is constantly exposed to the climatic conditions, so it 
is better to have the ability to adapt to the changes. Heat transfer 
occurs through the envelope, and in addition to user comfort, it has 
a direct effect on cooling and heating energy consumption [2]. 
Besides examining thermal characteristics, the facade should also 
be evaluated from an aesthetic standpoint. A good example is 
Origami, which inspires facade designers and has been studied 
from a daylighting and energy perspective many times [3,4]. 

Another inspiration source for facade design is nature, where each 
element can have its unique characteristics and can be adapted to 
the climate [5]. Due to the frequent development of facade 
technologies, another design option is to use a responsive facade 
in adaptive buildings [6]. Responsive facades can be categorized 
from various aspects, such as control type and scale [7]. They have 
the same functional features as smart facades, perform real-time 
perception, component mobility, building automation, and user-
centric operations, and have intelligent materials. Still, it is also an 
interactive facade because it can learn automatically, through the 
gradual education of the building and its occupants [8]. A 
parametric design can also make it more beautiful as well as 
perform better. The parametric facade provides a broad view of 
multiple solutions to architectural design problems using 
algorithmic methods [9]. However, it has been stated that the key 
reason for not using these mechanical facades is the lack of a 
controllable substitution in times of need [10]. 

 Studies have shown the frequent examination of responsive 
facades in office buildings. These studies were based on various 
aspects, such as interactive 2D and 3D kinetic facades with the 
capability to be transformed based on dynamic daylight [11]. 
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Another novel example is using adaptive reflective façade for a 
single floor office [12]. Finding the best pattern for the façades of 
the open-plan office buildings is another research subject in terms 
of visual comfort [13]. By optimizing the façade design 
parameters, including perforation ratio, depth, and the gap width 
from the outer wall, office environments become more visually 
comfortable [14]. Office buildings could have some additional 
spaces such as atriums, which contribute significantly to 
sustainable architecture [15]. This is a passive architectural 
element and passive design is investigated in other building 
components (such as windows and light shelves) as well [16]. For 
example, glass material has a major impact on user visual comfort 
[17]. On the other hand, energy optimization is also a significant 
part of investigation into offices with responsive facades and it 
showed a large reduction in energy consumption [18]. Considering 
energy efficiency in offices, new methods are also examined to 
improve building design process [19]. However, it is necessary to 
investigate a wider range of functions. For example, researchers 
have not pay enough attention to healthcare facilities, which play 
a major role in urban development programs and are built at 
various scales (small, medium, and large). Understanding the 
impact of hospitals on the environment and public health, the 
relationship between hospital buildings and the occupant's well-
being is one of the major concerns in recent years. In healthcare 
buildings, in addition to diagnostic and medical activities, the 
basic approach is to provide a sense of calmness and comfort for 
patients, clients, and staff [20]. A hospital that is designed, built, 
and operated according to occupant demands, as well as existing 
standards, will lead to increased security, satisfaction, income, and 
comfort for all patients. Building design is greatly influenced by 
the occupant satisfaction in the indoor spaces, and many factors 
need to be considered at the time of design and renovation [21]. 
For instance, hospital users have several perspectives about their 
physical environment, including control, privacy and comfort 
[22]. 

Daylighting is a controllable factor, contributes to creating high-
quality interiors, especially in healing environment. In these 
facilities, adequate daylight is directly related to diagnostics and 
treatments, and reduces the length of stay [23,24]. In various 

clinical studies, the effect of daylighting on different cases, such 
as drug consumption [25], suicides [26], mental disorders [27], 
sleep disorders [28-30], heart attacks [31], and stress [32] have 
been studied. Aside from examining the patients' condition, it is 
also necessary to consider the effect of the daylight on the staff 
comfort. Because the hospital staff spends many hours in various 
spaces under different conditions, that may affect their wellbeing 
[33].In general, excessive daylighting is not acceptable, and it 
should be limited to prevent overheating and glare [11]. Glare 
control is essential in medical spaces, especially a patient room, 
where the patient's comfort is the priority. 

While numerous studies investigated daylighting indicators 
through the simulation and field measurement of some functions 
such as offices, an investigation into other uses like healthcare 
facilities is demanding. Consequently, as mentioned earlier, 
daylighting in healthcare spaces can be extremely beneficial and 
needs special consideration.  Therefore, this study assesses 
patients' visual comfort in a hospital patient room with four 
different responsive facades and determines related factors. 

 
2. Literature 
Responsive facades are a practical solution to climate-based 
building development during recent years. In addition to adapting 
to the environment, they can reduce building energy consumption, 
adjust natural ventilation and daylight, and improve human visual 
and thermal comfort [34]. However, in terms of daylighting, there 
are some main factors that should be considered during their 
investigation process. Table 1 provides some beneficial 
information about this. 

In terms of daylighting assessments in healthcare facilities, 
many studies have been conducted. The need for the existence of 
policies related to urban planning was felt from the middle of the 
19th century, right at the time when a number of diseases became 
pandemic in many industrial cities. Improper natural ventilation 
and daylighting in the buildings overshadowed the treatment 
conditions and length of the patient stay [39]. Meanwhile, several 
studies have investigated the health benefits of daylighting., some 
of which have been mentioned below. 

Table 1. Responsive facade literature details. 
Ref. Case study Climate  Methodology Input variables Measured variable 

[35] A single office space in 
Tehran, Iran 

Hot and arid 
climate 

Simulations (Rhinoceros, 
Grasshopper, Diva, Radiance 
and Daysim) 

Room dimensions, WWR 89.5%, Glazing 
properties, Orientation, Grid distance to the 
façade, Louver depth, Time parameters 

sDA, ASE, DA, 
UDI, DGP 

[36] A workshop space in 
Lecco, Italy 

Humid 
subtropical 
climate 

Simulations (Rhinoceros, Diva, 
Radiance and Daysim) 

Room dimensions, Shading type, Vertical and 
horizontal shading angles (VSA-HAS), 
Shading thickness, Slat spacing 

DAv, DGP, View 

[4] A single office space in 
Tehran, Iran 

Hot and arid 
climate 

Simulations (Rhinoceros, 
Grasshopper, Honeybee, 
Ladybug, Galapagos) 

Room dimensions and glazing properties, 
Rotation motions, View angles, Time 
parameters 

UDI, DGP, DGI 

[37] Two types of hospital 
patient rooms in Cairo, 
Egypt 

Hot and arid 
desert climatic 

Simulations (Rhinoceros, 
Grasshopper, Diva, Radiance 
and Daysim) 

Room layout designs, Sun-breaker cut-off 
angles, Tilt angles, WWR, Time parameters 

sDA, ASE, External 
View Factor (EVF) 

[11] An office building in 
Yazd, Iran 

Hot and arid 
climate 

Simulations (Rhinoceros, 
Grasshopper, Diva) 

Room dimensions and glazing properties, 
WWR 85%, Occupant position, Time 
parameters 

DA, UDI, DGP 

[3] A constructed prototype - Build a prototype, Simulation 
(Rhinoceros, Grasshopper, 
Kangaroo) 

Temperature Folding percentages 

[38] A typical hospital 
waiting area in Cairo, 
Egypt 

Hot and arid 
desert climatic 

Simulations (EnergyPlus, 
WINDOW 7) 

Glazing properties, WWR, Shading type Annual loads, DAv, 
Clear visibility hours 
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Alzoubi et al. [40] investigated Daylight Factor (DF) in the 
hospital patient room without considering the facade type. This 
study has a comparative approach between the simulation of the 
optimal state and the existing state. In the latter, the internal 
illuminance levels are higher due to the higher reflection of the 
internal surfaces. The results showed that, interior design 
parameters, such as furniture and indoor surfaces, have a direct 
relationship to indoor daylight quality. In another study by Choi et 
al. [41] the effect of interior daylighting on the Average Length Of 
Stay (ALOS) in the hospital wards was investigated. Moreover, 
the findings were compared based on two states of the visual 
discomfort caused by daylight reflection from the wall facing the 
patient and that by direct sunlight entering. It showed southern 

rooms gain more daylight than the others, while ALOS is more for 
north rooms. Morning illuminance also is more beneficial than 
daylight in afternoon. Alzoubi & Al-Rqaibat [20] have evaluated 
the indoor daylight quality of the children’s section of King 
Abdullah hospital by field measurements and simulations. In the 
south and north patient rooms, illuminance and luminance levels 
were higher than CIBSE standards, meaning the hospital facade 
needed to be shaded.  

One of the factors affecting indoor illumination is glazing, 
which has been less discussed in the studies related to hospitals 
and daylighting. Sherif et al. [42] have compared Daylight 
Availability (DAv) of three different room layouts and three 
different glazing types (Electrochromic-30, Electrochromic-60 

 
Fig. 1. Research flowchart. 
 

 
Fig. 2. From left to right: annual total, diffuse, and direct sun radiation in Tehran. 
 

 
Fig. 3. (a) Examined window to wall ratio and (b) Baseline patient room model dimensions. 
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and double pane Low-E-Argon-filled glass) with various WWRs. 
The study found that when the bed is far from the window with 
Electrochromic-30 glazing, it did not have an acceptable result in 
any WWR. Also, when the bed is close to the window, Low-E and 
Electrochromic-60 glazing types create over-lit and inappropriate 
conditions. It is important, however, to consider the climate at the 
time of choosing glazing types for installation. For example, 
shading and proper glazing type for wider windows can reduce 
cooling energy consumption in hot climate [43]. Sherif et al. [44] 
also carried out another study focusing on the shape of the slats of 
the indoor blinds in the patient's room and its effect on daylighting. 
In this research, the external view factor is also evaluated in two 
different patient positions, lying and lateral recumbent. A 
geometric shape that has been optimized is then presented. As a 
weakness, the study lacks the user's involvement in adjusting 
shading and external view, and the illumination level, which 
according to the writer's perspective, can be problematic in some 
cases. Englezou & Michael [45] evaluated various factors, 
including ASE for 15 different WWRs for single and double 
patient rooms. In addition, sun chart was used to calculate the 
horizontal louver width and determine its role in indoor 
daylighting. Simulation results were also compared with on-site 
measurements. It was found that both rooms perform well 
according to the Useful Daylight Illuminance (UDI). But in 
smaller room, when the window is large, there is a high probability 
of glare. According to the results, several parameters must be 
studied simultaneously to choose the best condition of daylighting 
from all aspects. Al-Shafaey et al. [46] have focused on the 
number and depth of horizontal louvers on double-skin facades 
and investigated the visual comfort factors in a patient room in 
Cairo, Egypt. In addition to finding the best option, the results 
have shown that the facade performance by any kind of louver will 
be better than the facade without protection. Wagdy et al. [37] also 
evaluated the angle of horizontal louvers for two types of hospital 
rooms and different WWRs. They concluded that by increasing 
WWR, the number of comfortable conditions also increases. The 
acceptable results of spatial Daylight Autonomy (sDA) in the 
inboard room layout are more than the outboard one. Furthermore, 
artificial lighting is used in hospital rooms in addition to 
daylighting during certain times of the day and night. Therefore, it 
is necessary to control the electrical energy consumption and 
choose appropriate lighting sources [47]. Artificial lighting has a 
considerable impact on the productivity and accuracy of medical 
processes [48].  

In the healing environment, in addition to considering the 
patient room, it is also important to consider the public spaces (e.g. 
the lobby), as well as the staff areas. Accordingly, a study has been 
conducted on how hospital staff prefer to view nature-based 
content from their break areas, in order to reduce their stress and 
restore energy [49]. The method was through an online survey, 
including 50 questions in six parts. These six sections include 
general information such as age, education, job title, and work 
experience. For the main part of the survey, simulated images of 
five different break areas were used. According to the results, staff 
prefers rest areas with access to the outside environment (terrace 
and balcony). However, the findings are for a specific climate and 
can be different in other climates conditions. Sun & Huang [50] 
have investigated the energy and daylighting of different layouts 
of five hospital lobbies with different locations. Following that, in 
two stages, considering the design of the space (location-
orientation-height) and the design of the facade (WWR - Skylight 
ratio), various options were compared. Based on the results, height 
impacts energy consumption more than its location and 
orientation, but it has no significant effect on daylight. It is also 
more effective to change the skylight ratio than to change the 
window size on the average daylighting. Sadek & Mehrous [38] 
also investigated using adaptive glasses in a hospital waiting area 
in Egypt. In addition, three different types of shading (vertical, 
horizontal, and perforated screen) were evaluated. A horizontal 
shade provided a transparent window and an outside view for 
longer hours, according to the results. Also, the horizontal shade 
showed the best performance in energy saving compared to the 
vertical shade and perforated shade. 

Clearly, there has been less research on responsive facades, 
particularly with parametric patterns, except for conventional 
designs (horizontal louvers and simple shades), in hospital 
buildings. Therefore, to fill the identified gaps, this study evaluates 
the visual comfort of patients in a typical patient room of hospitals 
with four different responsive facades and investigates related 
indicators. Moreover, results are validated through Leadership in 
Energy and Environmental Design (LEED v4) certification and 
software validation. 

 
3. Materials and methods 
This study is classified as applied research and offers suggestions 
to provide visual comfort using responsive facades in hospitals. 
As the first step, based on previous studies and collected 
information, a sample of a main area of the hospital, a typical 

Table 2. LEEDv4 suggested surface reflectance and window transmittance. 
Component Material Preferences 

Wall White plastic paint 50% Reflectance 
Ceiling White plastic paint 80% Reflectance 
Floor Generic floor 20% Reflectance 
Window Double clear pane 70% Visual transmittance 
Façade elements Composite panel 70% Reflectance 

 
Table 3. Radiance engine parameters. 

Ambient resolution (ar) Ambient accuracy (aa) Ambient sampling (as) Ambient divisions (ad) Ambient bounces (ab) 

32 0.25 20 512 2 
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patient room, is modeled as a baseline model for simulation. 
Moreover, four various responsive facades are selected for planed 
investigations under different conditions through simulation. The 
baseline model, static façade, and responsive façade are first 
compared based on the solar access index. Following that, annual 
sunlight indicators are assessed for all cases to consider their long-
term function. At the end, with a quantitative approach, the 
simulation outputs are compared to select the optimal facade 
model. To achieve this, glare indices are simulated for optimal 
WWR and façade so that the facade is examined in more detail. A 
research flowchart is also provided to clarify an overview (Fig. 1). 

Parametric design tools were presented and used as new options 
since 2008 by several software development companies, such as 
Catia, 3Ds Max, Maya, Revit, Dynamo, and Grasshopper. 
However, one of the most common tools is Grasshopper [51]. This 
parametric tool has been used in this study by using some widely 
used plugins for daylighting and climate, including Honeybee and 
Ladybug [52], which has been validated before [53,54]. Honeybee 
creates and visualizes the results of daylight using Radiance 
engine, uses backward ray-tracing method. Since the research 
studies climate-based metrics, the weather condition is taken from 
online data base of EnergyPlus [55]. 

Calculated annual metrics include sDA and ASE. The former 
shows the percentage of the floor area that receives minimum of 

300 lux for at least 50% of the annual occupied hours, while 
Annual Sunlight Exposure presents the percentage of the floor 
area that receives at least 1000 lux for minimum 250 hours per 
year [56]. Moreover, investigated daylight glare indices are 
Daylight Glare Index (DGI) and Daylight Glare Probability 
(DGP), both are introduced in several studies [57]. 

 
3.1. Selected city 
Tehran (35.7 Latitude and 51.4 Longitude) is the capital of Iran. It 
is classified as a hot semi-arid climate (BSh) in the Köppen 
classification system. Tehran's northern part has moderate weather 
because of the Alborz Mountain range, and in the southern areas, 
it is semi-arid. The relative humidity is also low. To provide 
comfortable conditions, it will be efficient to use passive strategies. 
The visual output of the annual total, diffuse and direct sun 
radiation in Tehran is provided (Fig. 2) 

 
3.2. Simulated model 
In order to investigate the daylighting conditions in healing 
environment, a standard model of a south faced two-bed patient 
room measuring 4.2 meters wide, 7.5 meters long, and 3.5 meters 
high, and with an area of 31 square meters, was modeled in 
Rhinoceros. The room has a window that will have variable 

 
Fig. 4. Simulated facades. 

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


22 H. Toodekharman et al. / Journal of Daylighting 10 (2023) 17–30 

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/). 

WWRs (Fig. 3). This room is considered the baseline model 
throughout the study. 

The bed, which is closer to window, is considered bed one and 
the other one is considered bed two. Another highly influential 
parameter in indoor daylighting is the reflectance of the indoor 
surfaces, which are recommended by LEEDv4, for building design 
and construction, [58] and has been used in several similar articles 
[37,42,44] are described in Table 2. 

The simulation grid height was set at 90 centimeter above the 
floor at the level of the patient's bed. In addition, to have a high 
accuracy of the grid-based simulation, the dimensions of the 
network were defined as 10 x 10 centimeter. Moreover, to measure 
the amount of glare, which is dependent on the location of the 
observer, the position of the patient's head has been introduced to 
the plugin as the critical point. Radiance engine parameters, which 
have been proposed by software, are listed in Table 3. 
 
3.3. Responsive façade models 
Four moving facades were algorithmically coded in Grasshopper, 
and the sun location was introduced as an attraction point to the 
facade elements. Patterns are selected for facades in such a way 
that they are used in existing buildings (Al-Bahar tower and Kiefer 
technical showroom) or are similar to conventional patterns. 

Furthermore, facade movement is considered to be in different 
axes. Therefore, façade one and two have diagonal, façade three 
has horizontal and façade four has vertical axes. These movements 
are done in two ways: folding and basic rotation. Each façade has 
its own grid based on the geometry. For example, in façade 1 and 
2 front surface is divided into four sections by width and length 
and each section measures 105 x 87 centimeter. The third facade 
has a 3x10 grid and the fourth one has a 2x8 grid. Thus, the former 
panel is 42 x 115 and the latter is 52 x 175 centimeter. Figure 4 
shows the various states of each facade at its most open and closed 
state and at three different times of day when WWR is 70%. 

 
4. Findings 
4.1. Solar access 
As the first step, direct sunlight has been measured in the patient 
room to determine the impact of the responsive facade. 
Accordingly, the simulated maps are as follows at 12 pm on 
December 21st and with the largest WWR (80%) where the 
amount of sunlight is maximum. In addition to the responsive 
mode, the static mode of the same facade has also been evaluated. 
It is apparent from the results (Fig. 5) that a responsive facade will 
allow for better control over solar access. Since solar access is 62% 
for baseline model, yet for all other responsive facades it is less 

 
Fig. 5. Solar access at 12 pm on December 21st. 
 
Table 4. Annual indicators for each façade. 

WWR (%) Baseline model Façade 1 Façade 2 Façade 3 Façade 4 

ASE sDA ASE sDA ASE sDA ASE sDA ASE sDA 

50  49 100 8 62 22 83 8 68 37 98 
60 53 100 10 77 28 95 12 72 40 100 
70 55 100 14 84 30 99 16 85 42 100 
80 60 100 24 95 31 100 26 100 45 100 
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than 30%. Façade one and four have the less percentage with 18% 
and 16%, respectively. 

 
4.2. Annual indicators 
The healing places, like hospitals, are active 24/7 throughout the 
year. In addition, the patient room is a function where the user may 

have to spend a long time, as long as several weeks. Thus, long-
term comfort should be provided and annual indicators need to be 
checked. As a part of this step, annual indicators, including spatial 
Daylight Autonomy (sDA), and Annual Sunlight Exposure (ASE) 
are investigated (Table 4). 

Table 5. Glare for the baseline patient room without responsive façade.   
Bed one   Bed two 

Time WWR DGP DGI Characterization DGP DGI Characterization 
 
9 am 

 
 

50% 0.23 -0.1 Imperceptible 0.22 9 Imperceptible 
60% 0.24 -0.5 Imperceptible 0.23 9 Imperceptible 
70% 0.25 -0.5 Imperceptible 0.24 9 Imperceptible 
80% 0.26  -1 Imperceptible 0.25 9 Imperceptible 

 
12 pm 

50% 0.62 24 Intolerable 0.34 22 Imperceptible 
60% 0.63 24 Intolerable 0.93 34 Intolerable 
70% 0.64 24 Intolerable 0.95 34 Intolerable 
80% 0.66 24 Intolerable 0.96 34 Intolerable 

 
3 pm 

50% 0.80 36 Intolerable 0.29 17 Imperceptible 
60% 0.81 36 Intolerable 0.68 34 Intolerable 
70% 0.83 36 Intolerable 0.69 34 Intolerable 
80% 0.84 36 Intolerable 0.70 34 Intolerable 

 
Table 6. Glare for the patient room with facade one.   

Bed one   Bed two 

Time WWR DGP DGI Characterization DGP DGI Characterization 
 
9 am 

 
 

50% 0.18 -5 Imperceptible 0.18 7 Imperceptible 
60% 0.19 -3 Imperceptible 0.19 6 Imperceptible 
70% 0.20 -4 Imperceptible 0.19 6 Imperceptible 
80% 0.21 -5 Imperceptible 0.20 5 Imperceptible 

 
12 pm 

50% 0.60 25 Intolerable 0.27 22 Imperceptible 
60% 0.60 25 Intolerable 0.28 22 Imperceptible 
70% 0.61 25.5 Intolerable 0.29 23 Imperceptible 
80% 0.62 25.5 Intolerable 0.30 23 Imperceptible 

 
3 pm 

50% 0.21 14 Imperceptible 0.23 17 Imperceptible 
60% 0.22 14 Imperceptible 0.24 17 Imperceptible 
70% 0.23 14.5 Imperceptible 0.25 17.5 Imperceptible 
80% 0.24 14.5 Imperceptible 0.26 17.5 Imperceptible 

 
Table 7. Glare for the patient room with facade two.   

Bed one   Bed two 

Time WWR DGP DGI Characterization DGP DGI Characterization 

 
9 am 

 
 

50% 0.18 -4.7 Imperceptible 0.16 6.8 Imperceptible 
60% 0.18 -5.2 Imperceptible 0.17 6 Imperceptible 
70% 0.18 -5.8 Imperceptible 0.18 5 Imperceptible 
80% 0.19 -6 Imperceptible 0.18 4.7 Imperceptible 

 
12 pm 

50% 0.59 25 Intolerable 0.27 23 Imperceptible 
60% 0.59 25 Intolerable 0.27 23 Imperceptible 
70% 0.60 25 Intolerable 0.27 22 Imperceptible 
80% 0.61 25 Intolerable 0.28 22 Imperceptible 

 
3 pm 

50% 0.79 36 Intolerable 0.23 17 Imperceptible 
60% 0.79 36 Intolerable 0.65 35 Intolerable 
70% 0.88 37 Intolerable 0.60 34 Intolerable 
80% 0.89 37 Intolerable 0.61 34 Intolerable 
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As proposed by LEEDv4 certificate, ASE should not exceed 
10%, and sDA should be at least 55% in normal conditions and 
75% in healthcare facilities. Considering upper mentioned results, 
façade two and façade four cannot meet the proposed values of 
ASE, but it is approved by WWR 50% and 60% for the façade 
one, and by WWR 50% for the façade three. Although sDA has 
passed the minimum requirements in all cases, ASE acts as a 
limitation. As a result, facade one has a better performance 
compare to other facades, while Facade 4 has the worst 
performance. 
 
4.3. Glare 
In a treatment environment, especially the patient room, where one 
should not expect unnecessary movement and activity to eliminate 
annoying factors, controlling glare requires more attention. 
Inevitably, glare irritates the eyes, reduces vision, and sometimes 
causes health problems such as headaches and dry eyes. In 
addition, this index is one of the most important indicators for 
measuring visual comfort. It occurs when the window is placed in 
an inappropriate orientation, has incorrect dimensions, and the 
shade is not used in the proper position or at the correct time. 

In order to determine glare, on December 21st, the shortest 
critical day of the year, when the sun is at its lowest position, visual 
comfort conditions can be evaluated. Therefore, the outputs of 
DGP and DGI indicators have been calculated for the three hours 
(9, 12, 15) and the position of patient head in both beds during rest. 

In order to compare two beds according to the results of Tables 
5-9, Fig. 6 is helpful. As it is clear from the results, in all cases, at 
9 o'clock, there are only slight differences between the baseline 
model and four other facades. Furthermore, at 12 o'clock, the 
patient in the first bed (close to the window) will suffer from glare. 
Although by using the first and third facades, there will be no 
problem for the bed one patient in the morning and afternoon, the 
second and fourth facades cause glare in the afternoon. Due to the 
position of the patient's head, this problem can appear 
symmetrically in the adjacent room in the morning. On the other 
hand, the patient in the bed two with the first facade did not 
experience glare during the three hours of observation. While at 
15 o'clock three other facades cause unpleasant conditions. Façade 
three also results in the worst performance for the same patient. 
Therefore, regarding the first bed, the worst performance is for 
facade 4 and the best is for facade 1. Although facade 3 performs 
well in the first bed, for the second bed, it has performed 

Table 8. Glare for the patient room with facade three.   
Bed one   Bed two 

Time WWR DGP DGI Characterization DGP DGI Characterization 

 
9 am 

 
 

50% 0.21 10 Imperceptible 0.21 16 Imperceptible 
60% 0.21 9.8 Imperceptible 0.22 15.5 Imperceptible 
70% 0.22 9.3 Imperceptible 0.22 14 Imperceptible 
80% 0.23 9 Imperceptible 0.22 13 Imperceptible 

 
12 pm 

50% 0.58 25 Intolerable 0.27 22 Imperceptible 
60% 0.58 25 Intolerable 0.67 33 Intolerable 
70% 0.59 25 Intolerable 0.68 33.5 Intolerable 
80% 0.60 25 Intolerable 0.69 33.7 Intolerable 

 
3 pm 

50% 0.20 11.5 Intolerable 0.23 18 Imperceptible 
60% 0.20 11.5 Intolerable 0.64 35.5 Intolerable 
70% 0.20 11.5 Intolerable 0.65 35.5 Intolerable 
80% 0.21 11 Intolerable 0.65 35.5 Intolerable 

 
Table 9. Glare for the patient room with facade two.   

Bed one   Bed two 

Time WWR DGP DGI Characterization DGP DGI Characterization 

 
9 am 

 
 

50% 0.20 -4.8 Imperceptible 0.19 6.5 Imperceptible 
60% 0.20 -4 Imperceptible 0.20 6.5 Imperceptible 
70% 0.21 -3.5 Imperceptible 0.20 6.2 Imperceptible 
80% 0.21 -4 Imperceptible 0.20 6 Imperceptible 

 
12 pm 

50% 0.61 25 Intolerable 0.29 23 Imperceptible 
60% 0.62 25 Intolerable 0.30 23 Imperceptible 
70% 0.62 25 Intolerable 0.30 23 Imperceptible 
80% 0.62 25 Intolerable 0.30 22 Imperceptible 

 
3 pm 

50% 0.80 36 Intolerable 0.25 18 Imperceptible 
60% 0.81 36 Intolerable 0.64 34 Intolerable 
70% 0.82 36.5 Intolerable 0.65 35 Intolerable 
80% 0.82 36.5 Intolerable 0.66 35 Intolerable 
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inappropriately due to the verticality of the facade structure, which 
leads to disproportionate penetration and reflection of sunlight. 
Renders of glare outputs for two different WWRs (50% and 80%) 
and two beds are presented in Fig. 7. 

According to the results of the solar access, annual indicators 
and the glare, facade one is considered to perform better compare 
to three other facades. In the following, DGP is calculated for one 
day per month in all daylit hours and for both beds to check the 
possibility of glare more precisely in the selected facade. 
According to ASE reports and LEEDv4 guidelines, acceptable 

WWRs for facade 1 are 50% and 60%. Considering that sDA with 
a larger window is more desirable, 60% was selected for further 
investigation. 

Firstly, all hourly outputs were measured for the baseline model 
which is a room without a responsive façade (Table 10). The 
results show that from October to April, in the hours before noon 
to the afternoon, the patient in bed one witnesses glare. 
Furthermore, the results of bed two show DGP of more than 0.35 
from November to March between 11:00 and 17:00. 

 
Fig. 6. Comparison of DGP for bed one and bed two in all cases. 

Table 10. Hourly DGP for different month and for baseline model of patient room which is without responsive facade (WWR:60% - Bed one). 
 Hour 

 7 8 9 10 11 12 13 14 15 16 17 18 19 

January _ 0.19 0.24 0.28 0.56 0.63 0.77 0.83 0.82 0.62 _ _ _ 
February _ 0.19 0.24 0.28 0.31 0.61 0.74 0.84 0.85 0.75 0.17 _ _ 
March 0.11 0.21 0.26 0.29 0.32 0.62 0.71 0.85 0.89 0.84 0.59 _ _ 
April 0.18 0.22 0.26 0.29 0.31 0.59 0.69 0.82 0.87 0.81 0.22 0.13 _ 
May 0.20 0.23 0.25 0.26 0.26 0.28 0.31 0.36 0.34 0.30 0.24 0.18 _ 
June 0.20 0.22 0.23 0.23 0.22 0.23 0.25 0.29 0.30 0.29 0.25 0.19 0.03 
July 0.21 0.23 0.23 0.23 0.22 0.21 0.23 0.27 0.30 0.29 0.26 0.21 0.14 
August 0.20 0.23 0.24 0.24 0.23 0.23 0.24 0.28 0.31 0.30 0.27 0.21 0.11 
September 0.20 0.23 0.25 0.26 0.26 0.28 0.31 0.35 0.35 0.30 0.26 0.19 _ 
October 0.19 0.24 0.28 0.30 0.31 0.63 0.72 0.84 0.86 0.29 0.21 _ _ 
November 0.19 0.24 0.28 0.31 0.58 0.66 0.79 0.87 0.89 0.76 0.17 _ _ 
December 0.16 0.21 0.26 0.29 0.58 0.66 0.79 0.86 0.84 0.62 _ _ _ 
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Then, to measure the effectiveness of the responsive facade in 
similar conditions, the hourly data of the hospital patient room 
with facade one is calculated for both beds (Tables 11 and 12). 

As the results have shown, glare for bed one has been largely 
eliminated. It only occurs at 12 pm in November, some hours in 
December and February, and at 15 and 16 in the afternoon in 
March. Regarding bed two, by applying the facade, the glare is 
completely resolved, and a proper comfort condition is provided 
for the patient. 

 
5. Discussion 
Four selected facades have been investigated through some stages. 
Firstly, solar access is examined for baseline model, static façades 
and responsive facades. Results showed that façade one and façade 

four have the best performance and they received 71% and 74% 
less direct sunlight compare to baseline model, respectively. 
Following that, ASE and sDA are investigated for all cases and 
results revealed that façade two and façade four cannot meet the 
limitations of LEEDv4 certification. On the other hand, façade one 
(WWR 50% and 60%) and façade three (WWR 50%) showed 
acceptable values.  For example, ASE improved around 81% for 
façade one WWR 60% and just above 77% for façade three WWR 
60%. Since glare is an essential part of visual comfort, more 
investigations have done considering DGP and DGI for four 
façades for three specific hours and both beds. As it was obvious, 
results were totally different for bed one and bed two. However, 
façade one showed the best performance. Considering 3 pm, this 

 
Fig. 7. False color and renders of glare outputs for (a) WWR 50%, 9 am (b) WWR 50%, 12 pm (c) WWR 50%, 3 pm (d) WWR 80%, 9 am (e) WWR 80%, 12 pm (f) 
WWR 80%, 3 pm. 
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façade performed 75% better for bed one and 65% better for bed 
two compare to baseline model. Furthermore, in 12 pm, façade one 
improved glare condition just above 68% compare to baseline 
model. According to the findings of all the stages of this study, 
façade one can be considered the ideal choice among the examined 
options. However, as the results of this facade showed, in some 

hours of the year, the patient will still suffer in the bed. Therefore, 
it is necessary to check if using a smaller window solves the 
problem or not. The other acceptable option in terms of annual 
indicators is a smaller window (WWR 50%), which despite the 
lower ASE, less useful daylight will enter the room. 

Table 11. Hourly DGP for different month and for patient room with facade one (WWR: 60% - Bed one). 
 Hour 
 

7 8 9 10 11 12 13 14 15 16 17 18 19 

January _ 0.19 0.21 0.22 0.23 0.24 0.23 0.22 0.18 0.09 _ _ _ 
February _ 0.08 0.19 0.21 0.22 0.55 0.66 0.76 0.79 0.20 0.05 _ _ 
March 0.01 0.14 0.19 0.21 0.23 0.24 0.25 0.25 0.70 0.79 0.16 _ _ 
April 0.17 0.20 0.21 0.22 0.23 0.24 0.25 0.24 0.22 0.18 0.02 0.03 _ 
May 0.18 0.19 0.20 0.20 0.20 0.22 0.23 0.23 0.22 0.21 0.10 0.11 _ 
June 0.18 0.18 0.18 0.17 0.17 0.19 0.21 0.22 0.22 0.21 0.16 0.01 0.14 
July 0.17 0.18 0.18 0.16 0.15 0.18 0.21 0.22 0.22 0.21 0.17 0.02 0.14 
August 0.17 0.18 0.18 0.17 0.17 0.18 0.21 0.22 0.22 0.21 0.17 0.02 0.13 
September 0.17 0.19 0.20 0.19 0.19 0.21 0.23 0.23 0.22 0.21 0.12 0.10 _ 
October 0.18 0.20 0.21 0.22 0.23 0.24 0.25 0.24 0.22 0.17 0.08 _ _ 
November 0.18 0.20 0.22 0.23 0.25 0.69 0.25 0.23 0.20 0.04 0.04 _ _ 
December 0.16 0.20 0.21 0.53 0.59 0.71 0.78 0.79 0.17 0.02 _ _ _ 

 
Table 12. Hourly DGP for different month and for patient room with facade one (WWR: 60% - Bed two). 

 Hour 
 

7 8 9 10 11 12 13 14 15 16 17 18 19 

January _ 0.18 0.23 0.25 0.27 0.28 0.27 0.24 0.15 0.06 _ _ _ 
February _ 0.18 0.23 0.25 0.27 0.28 0.28 0.25 0.18 0.02 0.05 _ _ 
March 0.01 0.11 0.20 0.24 0.25 0.27 0.28 0.28 0.26 0.23 0.10 _ _ 
April 0.15 0.22 0.24 0.25 0.25 0.26 0.26 0.26 0.24 0.16 0.01 0.03 _ 
May 0.18 0.21 0.22 0.20 0.18 0.23 0.25 0.25 0.24 0.18 0.04 0.09 _ 
June 0.17 0.19 0.16 0.12 0.09 0.15 0.22 0.24 0.24 0.19 0.08 0.01 0.11 
July 0.16 0.18 0.15 0.10 0.06 0.12 0.19 0.23 0.23 0.20 0.11 0.01 0.11 
August 0.16 0.19 0.17 0.12 0.08 0.14 0.21 0.24 0.24 0.20 0.12 0.01 0.10 
September 0.17 0.21 0.21 0.20 0.18 0.23 0.25 0.25 0.24 0.18 0.05 0.08 _ 
October 0.06 0.18 0.23 0.24 0.25 0.25 0.26 0.26 0.26 0.23 0.13 _ _ 
November 0.17 0.22 0.25 0.26 0.28 0.28 0.27 0.25 0.18 0.02 0.03 _ _ 
December 0.14 0.21 0.24 0.26 0.28 0.28 0.27 0.24 0.14 0.01 _ _ _ 

 
Table 13. Hourly DGP for different month and for patient room with facade one (WWR: 50% - Bed one). 

 Hour 
 

7 8 9 10 11 12 13 14 15 16 17 18 19 

January _ 0.08 0.18 0.21 0.22 0.23 0.24 0.23 0.22 0.18 _ _ _ 
February _ 0.06 0.18 0.21 0.22 0.55 0.66 0.76 0.79 0.20 0.04 _ _ 
March 0.01 0.13 0.19 0.21 0.23 0.24 0.25 0.25 0.70 0.79 0.16 _ _ 
April 0.17 0.20 0.21 0.22 0.23 0.24 0.25 0.24 0.22 0.18 0.02 0.03 _ 
May 0.17 0.19 0.20 0.20 0.20 0.22 0.23 0.23 0.22 0.21 0.09 0.10 _ 
June 0.17 0.18 0.18 0.17 0.17 0.19 0.21 0.22 0.22 0.21 0.15 0.01 0.13 
July 0.17 0.18 0.17 0.16 0.15 0.18 0.20 0.22 0.22 0.21 0.17 0.02 0.13 
August 0.17 0.18 0.18 0.17 0.17 0.18 0.21 0.22 0.22 0.21 0.17 0.02 0.12 
September 0.17 0.19 0.20 0.19 0.19 0.21 0.23 0.23 0.22 0.21 0.12 0.09 _ 
October 0.18 0.20 0.21 0.22 0.23 0.24 0.25 0.24 0.22 0.17 0.07 _ _ 
November 0.18 0.20 0.22 0.23 0.25 0.68 0.25 0.23 0.20 0.04 0.03 _ _ 
December 0.16 0.19 0.21 0.53 0.59 0.71 0.78 0.79 0.17 0.01 _ _ _ 
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The results showed that the smaller window has no effect on the 
glare for the first bed and the values of this index are almost the 
same as before (Table 13). Yet for the second bed, even without 
any facade, glare is imperceptible, and only in November, we will 
have perceptible glare during mid-day (Table 14). 

These results indicate that the distance between bed and window 
has a direct effect on glare. By the correct placement of the indoor 
furniture, increasing the length of the room, changing the layout 
(as it is investigated in another research [37]), and if possible, 
turning the double-bed room into one-bed, the glare in a room with 
a WWR  50% and without a responsive façade could be controlled. 
If it is not likely to create a larger room or the user density in the 
treatment complex is high, it becomes necessary to use a 
protective element in the facade, such as the responsive facade. 
Otherwise, the patient in bed one or close to the window will suffer 
from glare during some hours of the year. In addition, by using a 
window with larger dimensions and not using a protective element, 
such as a curtain, glare will occur for both patients. Larger 
windows are also defined as a cause of glare in other studies [45]. 
Therefore, as results showed, using a protective element have 
many beneficial points compared to unprotected windows, as in 
other studies [44,46] has been stated. Although application of 
these responsive façades could result in limitation of patient view, 
there is some evidences that show higher positive effect of 
daylight on patients [59,60]. 

 
6. Conclusions 
Increasing the comfort of users in indoor spaces has always been 
one of the concerns of designers and researchers. One of the main 
factors of creating indoor visual comfort is the presence of quality 
daylight. When it comes to boosting the quality of the built 
environment and the health of communities, one of the important 
functions that plays an essential role is hospital. It is beneficial to 
move the building towards the use of new technologies in order to 
achieve the desired goals in the design. In this study, the 
possibility of using one of these technologies, responsive facades, 
has been investigated in a therapeutic building to determine how 
effective such facades are in providing comfort. For this purpose, 
a typical patient room in Tehran was selected to investigate 
different daylight factors by simulation tools. Four different 

responsive facades were also compared under the same conditions. 
From the comparison of annual indicators including ASE and sDA, 
and the results of glare indexes including DGP and DGI, it was 
determined that the best and the worst performance is for façade 
one and façade four, respectively. By summarizing all outputs, the 
following results are obtained: 
• When a fundamental issue, such as visual comfort, is being 

assessed in an important place such as hospital, considering 
one factor and measuring only one index is not enough to 
reach a conclusion, and different aspects should be 
considered. 

• Using responsive facade does not only lead to better 
daylighting conditions and can also bring undesirable results. 
For example, the reflection caused by facade panels or 
shading may create glare and disturbs the comfort of the 
occupant. 

• The window size has no effect on the glare of the person who 
is closed to the window, but in case of further distances, 
patient will not be glared without the presence of responsive 
facade. Therefore, if more daylight is demanded, the number 
of people in the room should be reduced or its area should be 
increased to provide the desired distance of bed from the 
window. Moreover, alteration in rooms layouts can be 
considered as a practical solution. Otherwise, there will 
definitely be a need for shading, light shelves and smart 
facades. 

• Although in this study, WWR does not have a significant 
effect on glare, it will still be effective in daylighting and 
other related factors such as sDA and UDI. Considering 
façade one, ASE and sDA are acceptable when WWR is 50% 
and 60%, yet the larger one provides higher sDA. 

• Among four examined facades, façade one which has 
diagonal movements in various axes has the best 
performance. Conversely, façade four which has vertical 
movements and its shading panels are less flexible is less 
efficient. Therefore, the more flexible the façade is, the more 
efficient it will be. 

• Using the chosen responsive facade will greatly help to 
provide visual comfort and reduce glare. But even in the best 
case, due to ASE assessment, the glare could occur in some 

Table 14. Hourly DGP for different month and for patient room with facade one (WWR: 50% - Bed two). 
 Hour 
 

7 8 9 10 11 12 13 14 15 16 17 18 19 

January _ 0.18 0.23 0.25 0.27 0.27 0.26 0.24 0.13 0.05 _ _ _ 
February _ 0.18 0.23 0.25 0.27 0.28 0.27 0.25 0.18 0.02 0.04 _ _ 
March 0.09 0.20 0.24 0.26 0.27 0.28 0.28 0.26 0.23 0.08 0.01 _ _ 
April 0.14 0.22 0.24 0.25 0.25 0.26 0.26 0.26 0.24 0.15 0.01 0.02 _ 
May 0.17 0.21 0.22 0.20 0.18 0.23 0.25 0.25 0.24 0.17 0.03 0.07 _ 
June 0.16 0.18 0.15 0.11 0.09 0.15 0.22 0.24 0.24 0.19 0.07 0.01 0.10 
July 0.15 0.17 0.14 0.08 0.06 0.11 0.19 0.24 0.24 0.20 0.10 0.01 0.09 
August 0.15 0.18 0.16 0.11 0.09 0.13 0.21 0.24 0.24 0.20 0.10 0.01 0.08 
September 0.16 0.21 0.21 0.20 0.18 0.23 0.25 0.25 0.25 0.18 0.04 0.07 _ 
October 0.17 0.23 0.24 0.25 0.26 0.26 0.26 0.26 0.23 0.11 0.05 _ _ 
November 0.17 0.21 0.27 0.30 0.31 0.37 0.38 0.36 0.29 0.21 0.11 _ _ 
December 0.13 0.21 0.24 0.26 0.28 0.28 0.27 0.24 0.12 0.01 _ _ _ 

 

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


29 H. Toodekharman et al. / Journal of Daylighting 10 (2023) 17–30 

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/). 

distances and hours of the year. In this situation, it is 
suggested to provide a simple barrier such as an internal 
curtain to be used by the patient or other people in the room 
if needed. It is obvious that curtains with remote control are 
more convenient for patients. 
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