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Abstract: Insufficient daylighting can negatively affect working quality and productivity and increase
lighting energy consumption in buildings. Particularly, the western orientation has a non-uniform
daylighting distribution, especially at the zone next to the window resulting from the unequal
radiation distribution of sunlight. Therefore, this study presents an innovative system known as
Integrated Kinetic Fins (IKF), which can respond parametrically to the sun’s movement; to enhance
the daylighting distribution during the late working hours for the western facades and decrease
the high illuminance daylighting spots near the windows. The study optimizes the fin parameters
based on a selected territory; then, the fi angles are automatically controlled. The IKF is applicable in
regions with clear skies and low solar altitudes. Finally, a comparison between a traditional kinetic
system and the IKF is made, and the results are reported. The system shows an enhancement of
daylight distribution during these late hours, where the contrast has been improved by 22% and
uniformity has been enhanced by 10%, which consequently contributes to reducing potential glare.

Keywords: uniform daylighting distribution; optimization; western facade; kinetic shading systems

1. Introduction

In hot climate zones, solar radiation is quite high, which usually produces undesired
solar heat gain in addition to excessive indoor daylighting. On the other hand, having suffi-
cient natural lighting in office spaces influence occupants’ productivity [1-3]. Additionally,
the more uniform distribution of daylight, the better the visual comfort and the less energy
consumed for lighting [1,4,5]. Therefore, daylighting should be efficiently exploited [6].

Several studies focused on southern fagades as they have the most intensive radiation;
they investigated the design of fixed and kinetic louvres [6-9]. Other studies improved
the blinds” design and materials [8,10], including complex fenestration systems [11,12].
However, there was a lack of focus on the western facades, although they are considered the
most challenging facades due to the extreme steepness of solar altitude at such orientation,
which can potentially result in high temperatures [13]. Alternatively, previous studies
have recommended either avoiding west-east orientation by using solely the north-south
orientation [13], or at least minimizing the glazing area on the western facades as much as
possible. Others used fixed vertical solutions; however, they are not always optimum. They
need to be tilted to provide efficient protection, which likely prevents the exterior view and
potentially blocks daylight penetration in winter [14].

Since western openings are exposed to the low solar altitudes in summer, they require
extra-deep light fins, ribbon windows, shelves, and a special view window that can decrease
the penetration of excessive daylighting [13,15]. However, far too little attention has been
paid to the western facade. The only suggested recommendations are to provide west
facades with less glazing, as low angle altitudes in late afternoon transmit significant heat
gain into interior spaces [16] or to avoid west glazing as much as possible. Some studies
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recommended using a dynamic system (e.g., an outdoor automated louvre). Others used
dynamic translucent solar screens to avoid exceeded glare [17] or used machine learning to
control the fagade and remove the probable glare [18].

Attempts have been made to design an adaptive facade that considers both minimizing
glare and thermal discomfort [19] via using parametric design while taking into considera-
tion visual comfort [14,20]. Considerable research has used the optimization method by
presenting multiple scenarios to design internal shading devices in Indonesia [21]. Some
researchers have studied the impact of different control strategies of perforated curved
louvres on visual comfort and energy consumption [22]. Further study investigated glare
protaction by using “split louvre system” that based on two horizontal louver system
controlled parametrically [23], or by using a horizontal fixed shading as an element of the
building’s facade to reduce glare and decrease energy consumption [24].

Currently, conventional kinetic fins (CKF) are used as a solution to provide daylight
at the western facade; however, due to the identical angle for all fins, they do not deliver
uniform light inside the space because of the unequal amount of solar radiation on the
western facade compared to southern fagade, as seen in Figure 1a. It can be seen in Figure 1b
that most of the daylight concentrates in the back area of the room, which results in a high
illuminance spot.

IR

(a) (b)

Figure 1. The unequal radiation on the western facade compared to the southern fagade (a), the spot
of the high illuminance values on the southwest location, (b).

Considering this issue, this study presents integrated kinetic fins (IKF) for office build-
ings oriented towards the west, which can reduce potential glare and provide uniform
daylight. The system uses parametric optimization techniques to improve the indoor
daylighting distribution during late working hours by responding to the sun’s movement.
Parametric design enables designers to create, manage, and organize complex and dynamic
models by integrating different parameters. It opens up a variety of choices and opportu-
nities for potential development and gives the models the ability of responsiveness [25].
IKF can adapt to the solar azimuth and respond to the solar altitude by horizontal blinds.
The system can potentially handle the non-uniform daylighting next to the window. For
daylighting calculation, various simulation software programs have been used. This study
aims to improve the daylighting distribution inside the room for the western fagade up to
85% via using IKF within an illuminance level of 200-1000 lux [26].
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2. Methodology

The system works efficiently for climates with clear sky conditions. The study com-
pares the outcome of using CKF with IKF for a case study in Cairo, Egypt. A simulation
process is performed by linking Honeybee and Grasshopper as an open-source parametric
plugin that is equipped with Radiance and DAYSIM simulation engines. Grasshopper
is used to generate 3D parametric models to be connected to Honeybee and Ladybug
for daylight assessment and environmental analysis (Honeybee and Ladybug) plugins,
which are used as an engine for Radiance and EnergyPlus software. Figure 2 illustrates the
relationship between these software [27].

Rhino 3D: the view port for the simulation and optimization results.
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Figure 2. The links between Rhinoceros, Grasshopper, Galapagos, Honeybee, and Ladybug to
generate an environmentally conscious model and simulation.

2.1. Description of the System

The Integrated Kinetic Fins contain between (3-8) vertical fins and two horizontal
blinds, which can respond automatically to sunlight angles; see Figure 3. The fins and blinds
are made of aluminum slats with 80% reflectivity. The method compares the performance
of three different shading systems (fixed fins, CKF, and IKF). Fins angles are calculated
from the perpendicular of the facade. The model is a typical office room in new Cairo in
an office building. It is oriented toward the west. Its dimensions are 4.00 m width, 8.00 m
depth, and 4.20 m height finish to finish. The west facade has 70% opening. The target
illuminance is between 200-1000 lux for at least 70% of the space, with better distribution
for daylighting, as shown in Figure 3. The office is usually occupied from 8:00 a.m. to
5:00 p.m. The study was applied at late working hours, between 3:00-5:00 p.m., for the 21st
of each year month. Ladybug uses (EPW) weather file to provide full sun path parameters
for the studied location.



Buildings 2023, 13, 782

40f13

Figure 3. The test cell, the multi-angular vertical fins, and the horizontal responsive blinds (IKF).

2.1.1. Conventional Kinetic Fins (CKF)

The fin’s geometries are built with predetermined parameters and are connected to
the genome of Galapagos (Grasshopper component for optimization). The simulation was
run on three different dates for each optimization process: 21st of June, 23rd of September,
and 20th of March.

The parameters have two categories; some parameters are fixed. The room height is
4.2 m, and the fins” height is 4.2 m. The fins’ angles are 55° in March, 60° in June, and 45° in
September; the angles were optimized using Galapagos component in Grasshopper before
the simulation, see Table 1. The fins in this system move automatically together with the
same angle for each fin.

Table 1. Optimization process of the kinetic fins.

Optimization Parameters

Description - -
Fix Parameters Variable Parameters
R.o or,n dllmensmns. . Fins’ width.
e  Fins’ height. Fing’ 1 h
Control Optimizing fins” dimensions. e Angles are 55° in March, 60° in ins’ length.
o: i Fins’ count equation.
June, and 45° in September.
The conventional kinetic fins have e Optimized fins’ dimensions. e Similar fins angles for each
CKE similar angles for all fins. time.
i fin i i . SR . e  Each fin has its own angle
PKF Every single fin in the parametric e Optimized fins’ dimensions.
kinetic fins has a unique rotation angle. at each hour.
Optimized fins” dimensions.
The Integrated Kinetic Fins are similar o Fins’ angles for each hour. Each
IKF to PKF with the addition of two extra fin has its own rotation angle. IKF system.

horizontal blinds. e  Two responsive blinds.

2.1.2. Parametric Kinetic Fins (PKF)

Instead of having the same rotation angle for all the fins at a specific time, each fin
has its rotation angle for each hour, similar to the parametric louvre system [10,28]. Data
are recorded after optimization and added to a python switcher to switch automatically
between the results. Each time has starting angle and stepping angle for fins. These angles
are optimized using Galapagos and given to the switcher.
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2.1.3. Integrated Kinetic Fins (IKF)

Finally, two extra horizontal blinds are added to generate the integrated system that
can handle the altitude angle of the sunlight, using the same methodology as the advanced

parametric louvre system used by [29], see Figure 4.
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Figure 4. The framework for the proposed system.

2.2. Performance Metrics

Daylighting performance is generally monitored by calculating its illuminance level
according to specific standards [30,31], in addition to providing sufficient amount of light
to achieve human visual comfort, i.e., with no glare or excessive light [31,32]. For the
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optimization processes in our case, three daylight metrics were used: contrast, uniformity,
and illuminance values. This system aims to minimize “contrast”, maximize “uniformity”,
and increase “the desirable illuminance values between 200-1000”, and these metrics are
categorized as follows:

2.2.1. Contrast and Uniformity

Contrast can be defined as the ratio between the light falling on a task and the general
lighting in the surrounding area, and this contrast can produce a patch of caustics in
this area, which accordingly cause glare that potentially influence human visual comfort.
Iluminance values can be simulated /measured, and contrast ratios can be computed to
determine the amount of glare [27,33]. The smaller the value, the better the indoor light
quality. In this study, Contrast can be calculated by finding the difference between the
illuminance values average for both areas, next to the window and in the deep-plan room,
as shown in Figure 5.

P~ —Ea

. . L

The first half The second half
(Next to the window) | (Depth of the space)

Figure 5. llluminance value at the deep-plan area is higher than the area near the window, which can
potentially cause glare.

The Chartered Institution of Building Services Engineers (CIBSE) has identified two
varieties of studying lighting: uniformity and contrast [34]. Uniformity explains how
evenly the light is spread on a surface in a space. It is calculated as the proportion of the
minimum/maximum illuminance to the average illuminance across the task area, while
contrast is the proportion of the minimum to the maximum illuminance [33,35]. Indeed,
there is a clear relation between contrast and uniformity, i.e., the lower the contrast, the
better the uniformity.

2.2.2. Illuminance Values

In each individual simulation, a percentage value of illuminance between 200 and
1000 lux [28] is calculated. For any static case, useful daylight illuminance (UDI) can be
used as an annual metric calculation; however, it cannot be used for kinetic solutions;
therefore, this study uses a case-by-case calculation method because the fins are changing
at every single step. It should bear in mind that case-by-case here means that simulation
should run every single time for each movement, i.e., we cannot do one annual simulation
for the system at once because the system is movable and responds to the sun’s movement
every 10 min. Accordingly, each movement has its special case.
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3. Modelling and Optimization Process
3.1. Dimensions Adjustment for the Fins

The optimization solver runs while fixing the angles of the fins at 45°. The processes
produce many values for each month. The study selects 10 values for each case and writes
them up. Table 2 shows the optimization results of the fixed parameters in three different
months, March, June, and September. On 21 March, the optimum parameters are 0.04 m
width and 0.8 m length, and five fins, while on 21 June, the optimum parameters are:
0.037 m width, 0.75 m length, and five fins. On 21 September, the optimum parameters
were 0.03 m width, 0.83 m length, and five fins. The average parameters of the three
months are 0.035 m width, 0.80 m length, and five fins. These parameters are used as
constant parameters in optimizing the angles. The optimization process was performed
in Grasshopper using Galapagos. Based on the optimization process, the fins’ count is
assigned based on this simple equation: N = W /0.8, where (N) is the fins” count and (W) is
the width of the facade. As in our case, room width equals (4.2 m) divided by the optimized
fins” count (5), resulting in (0.8).

Table 2. Optimization process of the fin’s parameters in March, June, and September.

21 March 21 June 21 September A
g
4 < O N o F ;o 4 1NN OO R DNy X YNy OO
£22g8323 g2 ggg8g8gecg8esge8gecgs8gesggg
Eooooooooooooooooooooocooooooooo
=
S N O ©® 0O O N A O AN NGO O F O, gL, ;LM o N A N O O ®
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c © ©oO o o o o o o o o o o S o © © o o o o o o o o o o (=)
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S
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3.2. Daylighting Distribution Using IKF
The optimization was made on the 21st of each month. Figure 6 shows the daylighting
simulation in August at late working hours, 3:00-5:00 p.m. It shows the improvement
of the daylighting distribution by using the proposed system IKF compared to the other
systems [32,36].
type 17:00
<3
N2
o
=~
A
A~

Figure 6. Cont.



Buildings 2023, 13, 782

8of 13

IKF

Figure 6. Improvement of the daylighting distribution by using IKF compared to the other systems.

4. Results and Discussion

When using CKEF, solar radiation is dramatically concentrated at the lower part of
the southwestern area of the space, see Figure 6, which is considered a typical orientation
for fins. This study proposes an advanced kinetic shading system (IKF) that can improve
daylighting distribution during late working hours between 15:00-17:00, where sun rays
can reach the deepest area of the spaces. The process of generating IKF includes four stages:
firstly, optimizing the fixed parameters for the fins; these optimum parameters are 0.3 m
width, 0.81 m length, and a total of five fins. Then, these parameters are fixed for use in
optimizing PKF. In this stage, fins angles are optimized at each hour. Fins’ angles and
times are collected and added to a python switcher to ease the application process for any
different cases, see Table 3. Finally, two horizontal blinds are added to the system with the
ability to respond to the altitude angle of the sun that produces the IKFE.

The research compares using PKF and IKF with the CKF. The assessment depends on
three metrics: contrast, uniformity, and illuminance values between 200-1000 in percentage.

It is apparent from Figure 6 that using CKF produces a patch of concentrated illumi-
nance at the deep area of the space as it provides the same angle for all fins. The PKF slightly
enhances the daylight distribution while it includes different angles for each fin, while
these angles have specific sequences in order to deal with the patchy solar distribution at
the western fagade. The greater the angle values, the more light the fins can allow to enter
the space, and vice versa. The IKF is observed to improve the daylighting distribution
and increase the desired illuminance percentage values due to its integrated characteristics
by dealing with solar altitude through the horizontal louvres that control the contrast.
The contrast is noticeably decreased by using PKF and IKF at 10% and 22%, respectively,
compared to CKF. That means the difference between the illuminance values in a deep
location of the room and the values next to the window became lower by 22%. For instance,
if the difference between the highest and lowest illuminance values is 1000 lux, IKF can
potentially enhance the results to 780 lux, see Figure 7.

The uniformity in Figure 8 is improved by 9% by using the PKF and 10% by using
IKF, as the former can only deal with the deep plan areas, but both systems can enhance
uniformity. Enhancement is also notable in the summer months in June and July, while
October enhancement exceeds 31%. In the winter months, there is no significant differ-
ence in contrast, as well the uniformity, due to the very low altitude of solar radiation. It
should bear in mind that the high illuminance daylighting points near the windows can
be reduced by even using our proposed method (IKF) or by using translucent windows
or electrochromic glazing, which can respond automatically to the intensity of solar radia-
tion [28,37]. However, the proposed system (IKF) is mainly focused on improving daylight
distribution in the western facades with deep plan areas.
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Table 3. Optimized values for the IKS Source: The Author.
January February March April May June
Time 14:00 15:00 16:00 17:00 14:00 15:00 16:00 17:00 14:00 15:00 16:00 17:00 14:00 15:00 16:00 17:00 14:00 15:00 16:00 17:00 14:00 15:00 16:00  17:00
asrt;ﬁ: 30° 55° 45° 15° 68° 60° 60° 40° 65° 62° 74° 60° 65° 68° 70° 65° 70° 75° 75° 75° 73° 72° 78° 76°
Step 4 7 7 4 45 5.5 7 3 7 5 7 5 8 5 4 2 5 5 5 45 4 5 6 5
angle
30, 55, 45, 68, 60, 60, 40, 65, 62, 74, 60, 65, 68, 70, 65, 70, 75, 75, 75, 73, 72, 78, 76,
Fins 26, 48, 38, 15, 63.5, 545, 53, 37, 58, 57, 67, 55, 57, 63, 66, 63, 65, 70, 70, 70.5, 69, 67, 72, 71,
Angels 22, 41, 31, 11,7, 59, 49, 46, 34, 51, 52, 60, 50, 49, 58, 62, 61, 60, 65, 65, 66, 65, 62, 66, 66,
8 18, 34, 24, 3,1 545, 435, 39, 31, 44, 47, 53, 45, 41, 53, 58, 59, 55, 60, 60, 61.5, 61, 57, 60, 61,
14 27 17 50 38 32 28 37 42 46 40 33 48 54 57 50 55 55 57 57 52 54 56
July August September October November December
Time 14:00 15:00 16:00 17:00 14:00 15:00 16:00 17:00 14:00 15:00 16:00 17:00 14:00 1500 16:00 17:00 14:00 15:00 16:00 17:00 14:00 15:00 16:00  17:00
asriagrlz 67° 70° 72° 80° 55° 63° 70° 68° 45° 60° 64° 58° 60° 45° 50° 15° 40° 40° 25° 0° 28° 25° 15° 0°
Step
45 4 45 6 4 3 4 35 5 5 5 5 7 6 5 0 7 7 5 0 4 4 0.2 0
angle
67, 70, 72, 80, 55, 63, 70, 68, 45, 60, 64, 58, 60, 45, 50, 15, 40, 40, 25 28, 25 15,
Fi 62.5, 66, 67.5, 74, 51, 60, 66, 64.5, 40, 55, 59, 53, 53, 39, 45, 15, 33, 33, 20’ 0,0, 24, 21' 14.8, 0,0,
Aneals 58 62 63, 68, 47,5 57, 6, 6, 35 50, 54 48 46, 33, 40, 15 26, 26, S 00, 20, I’ 146 00,
8 53.5, 58, 58.5, 62, 43, 54, 58, 57.5, 30, 45, 49, 43, 39, 27, 35, 15, 19, 19, 10 '5 0 16, 13 ’9 14.4, 0
49 54 54 56 39 51 54 54 25 40 44 38 32 21 30 15 12 12 ! 12 ! 14.2
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Figure 7. The contrasts (difference between maximum and minimum illuminance) for the three
proposed systems.
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Figure 8. The uniformities and illuminance ratios (minimum illuminance value divided by maximum
illuminance value) for the three proposed systems.

Figure 9 shows an increase in the percentage by 3% and 5% via using PKF and IKF,
respectively. The values did not highly improve by using the proposed system as it focused
on the distribution of daylighting regardless of the values. In this sense, the values can be
between the accepted limits, but the difference between them is still high. Thus, enhancing
the illuminance values does not mean having good uniformity and contrast, which refers to
a good daylight distribution. That clarifies why IKF and PKF have better improvement for
contrast and uniformity than illuminance value. Generally, when the sun’s rays reach the
deepest area in space, IKF and PKF can provide better results than CKF since both systems
can respond to the azimuthal angle of the sun’s rays.

The study investigated the performance of IKF in Cairo, Egypt, and it can be applied
to western facades in all hot arid zone. The can system deals successfully with low solar
altitudes; however, it has not been examined for different sky types.
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Figure 9. Illuminance level percentage between 200-1000 lux, as a result of three proposed systems.

5. Conclusions and Future Studies

The study proposed an Integrated Kinetic Fins system that can enhance the daylighting
for west-oriented office buildings (at late working hours, 3:00 p.m. to 5:00 p.m.) using a
parametric design and optimization method. The study used the contrast and uniformity
function indices and illuminance values to analyze the daylight performance of the space.

The IKF was composed of vertical and horizontal slats to control the sun’s rays. The
responsive horizontal elements were added to mitigate high illuminance in the area next
to the windows during late working hours. IKF provided apportionments to respond to
the sun rays by the kinetic system with specified alignment and movements for each fin.
The sequence of the angular system enhanced the distribution of daylighting in the space.
The use of the parametric technique gave the fixability to optimize and control the fin
parameters and the angles.

The contrast was decreased by 22% using Integrated Kinetic Fins (at least 9%) com-
pared to the conventional ones. Moreover, the uniformity and percentage of desirable
illuminance values were improved by 10% and 5%, respectively, by using IKF.

In the future, the system will be validated by applying it in different case studies
located in some hot climate zones. Moreover, the framework can be applied in different
locations with different climate conditions. These data will then be used as a dataset for
machine learning algorithms. The algorithm will determine the fin’s angles for all the zones
in order to generalize the solution to fit locations all over the world.
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