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Abstract

This paper evaluates how design adjustments applied to roller shades and louvres (namely the height of the shadings head and the angles
of the louvre slats) can improve their annual and spatial effectiveness to provide autonomous daylight levels, reduce daylight glare
problems, and offer views outside. The strategies were analogous to the rule of thumb that relates the window head height with the depth
of daylight penetration. Climate-based daylight simulations were performed to calculate the Useful Daylight Illuminance, spatial
Disturbing Glare, and View Factors in a classroom located at a 19° latitude. Temporal maps were included to assess the shadings’
performance not only over space but also over time. Results showed that roller shades performed better when they were applied letting
the top of the window clear. On the contrary, louvres performed better when they covered the entire glazing. It is concluded that simple

design adjustments can greatly improve the daylight and visual performance in buildings.

© 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

European policies have suggested the use of shading systems as
one of the key interventions for energy conservation in buildings
that would limit greenhouse gas emissions [1]. It has been seen
that selecting the most appropriate window configuration and
shading strategy would improve not only the energy efficiency but
also the daylighting performance of buildings. During the building
design phase, it is crucial to consider shading systems to control
the transmitted solar radiation, ensure proper levels of daylight,
provide thermal and visual comfort, and reduce energy
consumption [2-5]. In addition to these benefits, well-designed
shading systems can improve the architectural quality of buildings
[2]. The occupants’ preferences, visual relief, and pleasing effect
of sunlight must be simultaneously considered for design purposes
[5].

Therefore, the design of shading systems should be thought to
satisfy the functional and aesthetic requirements. Many studies
have investigated the effect of shadings on the performance of
buildings. In [6], various studies carried out between 2001 and
2016 regarding solar control devices for buildings were critically
reviewed. The authors identified the study domains explored in the
literature to evaluate the shading performance, namely passive
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solar gain control, thermal comfort, daylighting, visual comfort,
total energy use, peak electric demand, and energy cost savings.
The paper also reported an overview of several design parameters
that have been studied in the reviewed articles, i.e. slat colour, slat
width, slat design, the fraction of holes of fabric for a roller shade,
shadings position (internal, integrated, or external), and control
systems. Regarding the criteria for daylighting, the authors
recognized in the state of the art the following main factors that
determine the transmission through the fagade: the climatic
conditions/location, the size, the position and orientation of the
glazed areas, the light transmittance and the operation/control of
the fagade system. As regards the criteria for visual comfort, the
authors identified the following key aspects: visual contact with
the exterior, glare protection, contrast between visual task and
background, sufficient illuminance, colour rendering of objects in
the room.

In [7], a review of simulation modelling for shading devices in
buildings carried out between the years 1996 and 2015 was
presented. The authors identified that shadings are crucial,
especially in climates with hot summers, and to avoid overheating
problems from facades with large, glazed proportions. The authors
classified the shading systems into fixed and mobile categories.
The first category included overhangs, external horizontal and
vertical louvres, and egg crates. The second category comprised
Venetian blinds, vertical blinds, and roller shades. This last
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category included different types of mobile control systems, such
as manual, central up-down, fully automated, etc. Besides, the
authors identified several programs used to perform daylight
evaluations of shading systems, such as Radiance and Diva-for-
Rhino. They also enlisted several programs used to perform
thermal evaluations, i.e. EnergyPlus, Design Builder, DoE-2,
Ecotect. The study demonstrated that simulation modelling has
been very effective in estimating the performance of buildings in
the last few decades. The paper gathered the significant studies in
literature based on year, author (s), studied location, simulation
type, climate type, building type, and study type. Among the
studies, many were reported for locations such as USA, Canada,
Korea, China, UK, Belgium, Malaysia, Egypt, Italy, and other
European countries; however, no study was reported for Latin
America. The authors also reported that the most studied case
building type is office building with 52% whereas residential and
educational buildings rated 14% and 9%, respectively.

As can be observed, the investigation related to shading systems
is extensive, covering different categories [8-10]. In [11], it was
investigated the role of shading and daylighting strategies in visual
comfort and energy saving in existing schools. A Primary school
in the C climatic zone (latitude 31°) was used as a case study. An
insolation-shading analysis was run with Ecotec tool on specific
days of the year that is December 21st, September 21st, and March
21st. Daylight Autonomy (DA, with a threshold of 300 lux) and
Useful Daylight Illuminance (UDI, with a range of 300-3000 lux)
were the indices used for daylight evaluations. Furthermore, the
cooling loads were examined for May, half of June, September,
and October. The application of external shading devices,
consisting of louvres, resulted in a 2.6% reduction in cooling loads,
but it also increased heating loads by 2.7%. The effect on visual
comfort was satisfactory since the UDI over 2000 lux was largely
reduced, so the glare was eliminated to the minimum.

In [12], seven different fagade shading types were evaluated and
applied to eight azimuth orientations of a typical high school
classroom located in South Korea (latitude 37°). The seven
shadings analysed were vertical louver, horizontal louver,
eggcrate louver, overhang, vertical slat, horizontal slat, and light
shelf. UDI (with a range of 100-2000 lux) and DA (with a
threshold of 300 lux) were the indices used for evaluations.
Results showed that the light shelf, horizontal slats, horizontal
louvers, and eggcrate louvers produced a dramatic decrease in DA
values, which means an indoor daylight level below 300 lux. On
the contrary, light shelves, horizontal slats, horizontal louvers, and
eggcrate louvers produced a dramatic increase in UDI values when
installed in the South orientation, but the value decreased in the
East, North, and West orientations. The overhang type had the
lowest performance in improving UDI value compared to the other
fagade shading systems, except for the vertical louver. The authors
concluded that the UDI metric explains well the daylight
performance of a shading device.

In [13], the effect of using shading devices on air temperature
and illuminance level in offices facing the southwest facade at
Jordan University of Science and Technology (latitude 30.5°) was
investigated. Three fixed shading devices (vertical fins, diagonal
fins, and egg crates) were tested in terms of their performance in
the air temperature, illuminance level, and thermal environment.
Particularly, summer months like July and August were examined.
Results showed that shading devices reduced the illuminance
levels from around 150, 200, and 350 lux for diagonal fins, egg

crate, and vertical fins respectively. In addition, the uniformity
improved when using shading devices, for example, a 0.80 ratio
was achieved when using diagonal fins. Furthermore, diagonal
fins, vertical fins, and egg crates reduced the air temperature by up
to 19%, 6%, and 10%, respectively, compared to the base case
with no shading. The authors concluded that diagonal fins and
eggcrate devices performed better compared to vertical fins.

In [14], an integrated thermal and daylight evaluation was
conducted by using a survey and onsite measurements to evaluate
subdivided shading strategies covering an office window: semi-
open (left or right side), semi-open blind (90°), closed blind, and
a window without shading. The aim was to maintain visual
comfort and minimise annual energy demand for a south-oriented
daylit office located in the semi-arid region of Iran (latitude 32.5°).
The metrics used for evaluation were UDI (with a range of 200-
3000lux), spatial Daylight Autonomy (sDA, with a threshold of
300 lux, during 50% occupied hours), and Daylight Glare
Probability (DGP in the ranges <0.45 and 0.2-0.28). Results
showed that the semi-opened strategy was satisfactory from 12 pm
to 18 pm in the front position since a sDA of 100% was reached.
The left or right side opened strategies achieved an sDA of 35%
and 40%, respectively. The authors concluded that subdivided
shadings are recommended, particularly in 90% WWR (window-
to-wall-ratio) considering both energy efficiency (40% savings)
and satisfaction of occupants. Results also demonstrated that in all
blind types, except the entirely opened type (window without
shading), all three open positions were tolerable but not entirely
acceptable for laptop working activity when considering
occupants’ satisfaction rates. It should be mentioned that the
quality of view was not tested in this study.

n [15], the heating and cooling energy demand for different
window and louvre areas, under different climates and latitudes,
were quantified. Horizontal and vertical louvres were applied to
the East, West, and South fagades, showing that they may lead to
significant energy savings. The use of louvres became more
important to cities like Cairo, Lisbon, and Madrid, with high solar
radiation and ambient temperatures in summer; but it also reduced
cooling needs in London to Zero. Results also showed that louvres
also increase heating needs, especially in cities like London, where
solar radiation and ambient temperatures are lower in winter.
However, the increment in heating needs could be avoided by
using mechanical/automatic devices. The total energy savings
were up to 60% in Cairo, up to 50% in Lisbon, and up to 9% in
Madrid.

In [16], vertical and horizontal shadings, as well as egg crates
for a high-rise office building in the hot-humid climate of
Malaysia (latitude 3.13°), were evaluated. Different facade
orientations with high and low performance glazings were also
tested. Results showed that applying shading devices on the West
and East facades resulted in higher annual cooling energy savings
compared to the North and South fagades. Thus, shading devices
on the East and West fagades must be prioritized to optimize
annual cooling energy savings. It was then estimated an annual
cooling energy saving between 5% and 9.9% when the shading
devices are applied to all orientations of Low-E double glazed
facades. Results also showed that egg-crate shadings were able to
produce the highest annual cooling energy savings compared to
vertical shadings and horizontal shadings.

Regarding the control systems, it was demonstrated in [17] that
automated systems are better than manual or motorized blinds to
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reduce energy consumption and provide internal comfort. This
issue was attributed to the operation of the blinds by the occupants.
It has been seen that occupants infrequently operate shadings in
shared spaces; thus, energy efficiency and visual comfort can be
affected [14]. Besides, field studies have concluded that
maintaining acceptable visual comfort conditions for the majority
of occupants is challenging since the perception of glare/proper
light levels varies significantly amongst individuals [18,19].
However, it has also been observed a lack of dynamic control that
is attributable to the fact that is not easy to combine the room
dynamics with any possible optimization algorithm [20].

A field study of human interactions with motorized roller shades
and dimmable electric lights was presented in [21]. The research
included comparisons of environmental controls ranging from
fully automated to fully manual and interfaces with low or high
levels of accessibility. The findings revealed a strong preference
for customized indoor climate, along with a relationship between
occupant perception of control and acceptability of a wider range
of visual conditions. Other studies with shading/lighting
automation systems have found that occupants frequently override
these systems, either indicating discomfort or implying their desire
for customized indoor climate [22-24].

The numerous studies done on shading devices reinforce the
importance of their usage in buildings. Among the different study
domains, the quality of view for the occupants’ positions has been
the least explored area whereas the energy domain is the topic
more investigated. Besides, the daylight availability, daylight
glare, and views outside have been sparsely but not simultaneously
explored. It was also observed that school buildings are one of the
least analysed cases. In addition, the literature review showed that
researchers concurred on applying the shading devices over the
entire windows or glazing facades. Moreover, the related studies
have tested different design parameters that modify the entire
shading devices. Here, it is important to highlight the applicability
of combining both daylighting and shading strategies to further
optimize the overall building performance.

In architecture, it is well known the daylighting rule of thumb
that relates the window head height to the depth of the daylit area
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adjacent to a fagade [25]. In short, this rule points out that the
higher the window head, the deeper the penetration of daylight.
Despite this apparent and frequently used design rule, the author
did not find any shading research/design that has considered
letting the upper part of a window/fagade clear (with no shading)
to take advantage of the daylight penetration into space. Hence, it
is worthy of investigation to consider this type of design
adjustment (and its implications in daylight sufficiency and visual
comfort) when planning appropriate shading strategies in the
initial design process of buildings. In addition, it is pertinent to
quantify the daylighting and visual performance variations
resulting from the application of fixed shadings on the bottom part
of windows and glazing fagades (but not in their upper part).

1.1. Objectives

This paper analyses different shading solutions commonly used in
offices and classrooms to prevent solar radiation and the
associated glare problems. As stated in the literature review, the
use of these devices also reduces daylight levels and views outside.
Commonly, these last factors are still not a priority in the building
assessment although they can negatively affect the occupants’
comfort and wellness. This work tests several configurations of
typical shadings, namely roller shades, and louvres, in terms of
their annual and spatial effectiveness in providing proper levels of
daylight, reducing glare problems, and offering views outside.

Then, it is common practice to implement shading devices
covering the entire glazing systems on windows and fagades.
However, inferences based on a widely cited and frequently used
design rule of thumb that predicts more daylight penetration as a
result of a higher window head are taken into consideration to
propose elementary design adjustments to the shading design.
That is to say, include a clear upper part in windows (with no
shadings) to contribute to increasing the depth of daylight
penetration and to improve daylight availability over the working
plane. Therefore, this work tests if changes applied to roller shades
and louvres, namely the height of the shadings head and the angles
of louvres slats, can improve the performance of buildings in the
three domains studied.

Jan

Direct Sun Hours

a)

Feb

May Jun Jul Aug Sep Oct

b) Solar Exposure

Fig. 1. Analysis of sun radiation reaching the West-Northwest facade of the case study.
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2. Methodology

The following sections describe the characteristics of the case
study, the simulation setup, and the metrics selected for
evaluation.

2.1. Case study

A university classroom was considered as the case study to
evaluate the daylight availability, spatial daylight glare, and views
outside when using different configurations of roller shades and
louvres and to understand how these devices compare to each
other. The classroom is located on the first level of the library of
Universidad de las Americas Puebla, Mexico. The city is located
at a latitude of 19° and has a temperate climate (cwb) according to
the K&ppen classification. The classroom measures 7.80 m in
length, 6.85 m in width, and 3.20 m in height. It was selected as
the case study due to the excessive solar radiation reaching the
West-Northwest oriented glazing fagade (300 degrees). A total of
2132 direct sun horas and a total solar exposure of 602 kWh/m?-
yr were estimated to reach that fagade, as Fig. | summarizes.

To evaluate the average daylight and visual conditions, a
working plane of 41.71m? was placed 0.80 m from floor and 0.50
m from walls and glazing. The working plane consisted of 700
sensors with a 0.25 m spacing distance. Furthermore, 12 sensors,
grouped in four lines, were selected to evaluate the specific
daylighting and visual conditions near the glazing, in the middle
of the room, and far from the glazing. Figure 2 specifies the
location of the working plane and the sensors analysed.

@ ) 7.80 .

To avoid glare and radiation problems, a roller shade has been
installed in front of the glazing. It has been observed that roller
shades and curtains are very common shading systems used to
avoid glare problems in public spaces as schools, regardless of the
orientation of the windows. Besides, exterior vertical and
horizontal blades are regularly used in west and east facades, but
these shadings tend to present maintenance problems due to
extreme weather conditions. Thus, institutions have opted to use
interior louvres to reduce costs and to facilitate maintenance and
cleaning. In the case study, it was observed that users never roll
the shades up during the entire day/year, even though the problem
is during afternoons. This behaviour is very common in shared
spaces because occupants infrequently operate shadings [14]. Due
to the lack of operation of the roller shades, the daylight indoors is
low throughout the entire year, so the classroom has always the
electrical light on.

2.2. Shading configurations

Daylight conditions inside the classroom are poor as a result of the
widespread use of shadings: they are placed covering the entire
glazing. Thus, it is necessary to implement some modifications to
the existing shading device that will allow more daylight
penetration. This work tests the roller shade covering the entire
glazing fagade in comparison with the roller shade being adjusted
by reducing the shade-head height by 80 cm (which leads to the
top of the glazing fagade being clear). Similarly, horizontal and
60°-rotated louvres are compared when they are placed covering

Perspective view, June 21, 16 h.

Plan view

Overview plan

Fig. 2. Case study: Plan view, perspective view, and overview plan (showing the most important context elements that were included in the 3D model in Rhinoceros).
The continuous red lines depict the working plane used for daylight calculations. The dots indicate specific sensors to evaluate daylighting conditions near the glazing,

in the middle of the room, and far from the glazing.

a) Conventional proposal

[ L [=0)

b) New proposal with a clear top section

80cm|

11 [ |

[] Area of the glazing facade that will be covered by the roller shades or the louvers.

Fig. 3. Comparison of a conventional proposal covering the entire glazing facade (a) vs the new shading proposal with a clear top section of the glazing facade (b).
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a) Horizontal louvres
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b) Louvers rotated 60°

Fig. 4. Position of louvres included for evaluation of the daylight and views outside.

Table 1. Characteristics of model components.

Component Reflectance (%) Visible View Tag
Transmittance (%)
Classroom Ceiling 70
Interior walls 50
Floor 70
Glazing 87.7 VisionGlass
Shading devices Roller shades 154
Louvres 62
Context External ground (grass) 11.19 Nature/Vegetation
Tree foliage 13.78 Nature/Vegetation
Context buildings (red brick) 13.84
Sculpture (exterior red painted wall) 11.19 Art
Table 2. Green Building Standards and Daylight for Schools.
Standard Metric Threshold

LEED v4.1 — Schools [27] Spatial Daylight Autonomy,
sDA (300lux/50%time)

sDA (300lux/50%time)

Useful Daylight Illuminance
(UDI)

WELL Building Standard [28]

UK - Education Funding Agency
(EFA) [29]

Daylight Autonomy (DA)
lux
BREEAM [30] Daylight illuminance - average

and minimum

An average value of at least 40% (1 credit), 55% (2 credits), 75% (3 credits) for the
regularly occupied floor area.
An average value of at least 55% at least 55% for regularly occupied space.

An average of 80% UDI autonomous, UDI-a (300 to 3,000 lux)

Minimum 50% of the time for 50% of the working plane, with a target illuminance of 300

At least 300 lux for 2000 hours per year or more, and at least 90 lux for 2000 hours per
year or more

the entire glazing facade and when they are placed 80 cm below
the window-head height. Figure 3 highlights in yellow the area of
the glazing fagade that will be covered by the roller shades or the
louvres. Figure 4 shows a close-up of the two louvre slats’ position
that will be used for evaluations.

To sum up, the following shading configurations are tested
against the current state of the case study:

1. RollerShades Closed (RS C): Current state, classroom
with the roller shade always down.

2. RollerShades Bottom (RS B): Classroom with the top of
the window clear and the bottom part covered by the roller
shade.

3. Louvre90 Top&Bottom (L90 T&B): Classroom with 90°

rotated louvres covering the entire fagade.

Louvre90 Bottom (L90_B): Classroom with the top of the
window clear and the bottom part covered by louvres with
a 90° slat angle.

5. Louvre60 Top&Bottom (L60_T&B): Classroom with 60°
rotated louvres covering the entire fagade.

Louvre60_ Bottom (L60_B): Classroom with the top of the
window clear and the bottom part covered by louvres with
a 60° slat angle.

6.

These shading devices were characterized using Bidirectional
Scattering Distribution Functions (BSDF) to express the
“emerging light distribution for a given incident direction” [26].
With BSDF, the amount of transmitted or reflected light is
therefore a function of the incident light altitude and azimuth, as
well as the altitude and azimuth of the emerging light itself. LBNL
Window (version 7.8) software was used to export the BSDF
materials to the Radiance-based ClimateStudio software.

2.3. Simulation setup

ClimateStudio was used to simulate the daylight, glare probability,
and views outside derived from the shading configurations.
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ClimateStudio is an advanced simulation software developed by
Solemma LLC that supports a series of environmental analysis
workflows for buildings and neighborhoods including annual
illuminance simulations, glare, and thermal comfort calculations.
ClimateStudio is a plugin for Rhinoceros 3D modelling software
developed by Robert McNeel & Associates. The EnergyPlus
Weather (EPW) file of Puebla, Mexico, was used. Table |1 shows
the standard reflectances and the visible transmittances applied on
the daylight model surfaces and context. It also specifies the
VisionGlass and other layers considered for the view analysis.
Three types of simulations were performed to account for the
following daylight metrics: Useful Daylight [lluminance (UDI),
Uniformity (U), spatial Disturbing Glare (sDG), and View Factors
(VF).

2.3.1. Useful Daylight Illuminance (UDI) and Uniformity (U)

Various standards use a combination of different daylighting
metrics and illuminance targets, as Table 2 summarizes.

As observed from Table 2, several standards use a threshold of
300 lux to evaluate the daylighting conditions in schools.
Therefore, this work evaluates the sufficiency of daylight through
the UDI metric, which has the advantage of considering both a
lower and upper limits for proper daylight illuminance levels.
Then, UDI reports how often daylight levels fall into four specific
bins that are reported as a percentage of occupied hours [31]:

e Failing (UDI f): Less than 100 lux — this bin indicates too
little daylight.

e Supplemental (UDI_s): Between 100 and 300 lux — this bin
indicates daylight levels sufficient to supplement but not
replace electric lighting (e.g. via dimming).

e Autonomous (UDI a): Between 300 and 3000 lux — this
bin demarcates the zone with adequate daylight for work
tasks; then, additional lighting will most likely not be
needed.

e Excessive (UDI _e): More than 3000 lux — this bin is
associated with excessively bright conditions that may
cause visual and thermal discomfort.

The previous four UDI bins are visualized by using four color-
coded bands around each sensor, where the width of the band is
proportional to the bin’s timeshare (Fig. 5). In this work, particular
attention is given to the autonomous bin. Then, the average UDI-
a is reported as the mean UDI-a value for all 700 sensors in the
working plane, which is placed at 80 cm above the floor, with 25
cm sensor spacing (Refer to Fig. 1 — the continuous red line
showing the evaluation area). Besides, the average UDI-a is
calculated for three lines (with four sensors each) to evaluate
daylighting conditions near the glazing, in the middle of the room,
and far from the glazing facade (Refer to Fig. 1 — the red points
grouped in the three dotted lines).

The daylight evaluation here presented considers all daylit hours
during the year to understand the full daylight potential derived

% occupied hours

Fig. 5. Visualization of the UDI results using four color-coded bands around each sensor.

0

6

Time of Day
>

©
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IS

Jan Feb Mar Apr May Jun

Jul Aug Sep Oct Nov Dec

Day of Year

Fig. 6. Schedule used for daylight and glare evaluations showing all daylit hours during the year for a latitude of 19°, according to the EPW file of Puebla.
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from architectural design. An analysis of all daylit hours during
the year has the advantage of representing the architectural
daylighting potential, something that will never change unless the
surrounding urban environment changes [32]. Annual daylit hours
can contemplate any working day, occupancy pattern or change in
the building’s usage; then the results of daylighting evaluation are
valid over a long-term period [33]. Figure 6 shows the daylit hours
studied, that is to say, all hours throughout the year that account
for a different value from zero kWh/m? of global horizontal
radiation. This schedule was preferred due to the variability of
occupancy patterns linked to different courses during the academic
years, which are very changeable (i.e. classes are typically held
between 7 to 20h, lasting 1 or 2 h each).

To better understand the homogeneity in daylighting
distribution, the uniformity (U) of UDI-a was calculated. U is here
defined by the singular minimum UDI-a value divided into the
average UDI-a of the entire working plane, as Equation 1 indicates.

__ minimum UDI-a

U= @)

average UDI—-a

2.3.2. Spatial Disturbing Glare (sDG)

The Daylight Glare Probability (DGP) was the base metric used
for the evaluation of the annual glare distribution across the
working plane. DGP predicts the likelihood that an observer at a
given view position and orientation will experience discomfort
glare [34]. DGP can have values between 0% and 100%, which
are divided into four bands:

e Imperceptible glare: DGP < 34%

e Perceptible glare: 34% < DGP <38%
e Disturbing glare: 38% < DGP <45%
e Intolerable glare: 45% < DGP

DGP is usually calculated using a fisheye rendering with an
opening angle of 180°, thus fixed view positions can be evaluated.
Nevertheless, in this work, annual DGP simulations were also
considered across the working plane taking advantage of
ClimateStudio which relies on the vertical illuminance portion of
the DGP formula, plus a contrast measurement from the solar disc
[35]. The reference surface used for glare evaluations was placed
40 cm above the working plane depicted in Fig. 1. Then, the view
height was 1.20 m. Likewise the previous evaluation, the reference
surface was also set with 0.25 m sensor spacing and a schedule
based on all daylit hours in the latitude studied.

Based on the above, sDG was calculated as the percentage of
views across the regularly occupied floor area that experiences
Disturbing or Intolerable Glare (DGP > 38%) for at least 5% of
occupied hours. The sDG calculation is based on hourly DGP
values for eight different views at each position/sensor in the
building. The results are visualized with one full pie centered at
each sensor, where each pie is divided into eight directional slices,
with the colour indicating the frequency of disturbing glare from
0% to 5% (Fig. 7). In this work, the SDG is evaluated in two steps.
First, the average sDG is reported as the mean sDG value for all
700 sensors/pies distributed across the working plane. Then, the
annual sDG is evaluated for the specific observer’s view position
(one directional pie slice pointing at the observer view) among the
12 pies previously organized in the three evaluation lines (Fig. 1).

0 5
| —

Disturbing Glare Frequency
% occupied hours

Fig. 7. Visualization of the frequency of disturbing glare using eight directional pie slices, with the colour indicating frequency from 0% to 5%.

I Thee

I

Avg View Factor
% Vision Glass (all)
+

Avg Distance, m

Fig. 8. Visualization of the VF for all tags and layers in the model (Refer to Table 1 for view tags).
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This was done to assess the disturbing plus the intolerable glare
conditions near the glazing, in the middle of the room, and far from
the glazing fagade.

2.3.3. View factors (VF)

VF measures the percentage of view (by solid angle) occupied by
specific features or objects of interest. ClimateStudio
automatically calculates VF and view distances for specific layers
and tags in the model (Refer to Table 1 — view tags). VF are
computed by using a field of view of 360° horizontally, and 60°
vertically, centered on the horizon. The workflow tests view rays
passing through vision glass until they strike the first object of any
kind. This work reports the average VF and the average distances,

Table 3. Annual results for the specific sensors evaluated.

considering all view tag layers encountered after view rays passed
the glazing fagade.

Similarly to the previous evaluations, the reference surface was
set with 700 sensors distributed with a 0.25 m sensor spacing. The
results are summarized with a viewport settings bar, which
contains a legend that depicts the percentage of the average VF
and the average view distance throughout the working plane (Fig.
8). Furthermore, this work also reports the annual mean VF for the
specific observer’s view positions organized in the three
evaluation lines. This last was done to assess the VF near the
glazing, in the middle of the room, and far from the glazing fagade.

Shading configuration Line position UDI-a (%)
Row 1 Row 2 Row 3 Row 4
1 RollerShades Closed Far from the window 16 17 16 15
Middle of the room 22 23 25 21
Near the glazing 69 65 62 68
2 RollerShades Bottom Far from the window 76 77 76 79
Middle of the room 77 78 78 78
Near the glazing 80 79 79 81
3 Louvre90 Top&Bottom Far from the window 84 84 84 82
Middle of the room 83 79 78 77
Near the glazing 72 68 75 68
4 Louvre90_Bottom Far from the window 84 81 80 83
Middle of the room 81 75 75 75
Near the glazing 55 56 61 50
5 Louvre60_Top&Bottom Far from the window 79 79 79 79
Middle of the room 81 81 81 80
Near the glazing 80 81 81 76
6 Louvre60_Bottom Far from the window 82 83 83 83
Middle of the room 84 79 79 81
Near the glazing 71 74 73 68
100 0.98 0.95 1.00
90 5 0-881683 0.90
80 o =72 0.80
o o0 Z // — 0.70
é 60 /; g, 0.60
(EP 50 ; 2 ;, 0.50 D
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10 ’% ;’ i ;i 0.10
0 £ ’ 2 i i 0.00
RS C RS B L90_T&B L90_B L60_T&B L60_B

Avg_working plane
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mmmm Avg_far from glazing

1 Avg_near the window
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Fig. 9. Average (Avg) of the UDI-a results accounted for the entire working plane and for the three line positions (primary vertical axis); U value for the entire working
plane (secondary vertical axis). RS: roller shade; L: louvres (followed by the angle of the slat rotation); C: shading always closed; B: shading covering only the bottom
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3. Results 3.1. UDI-a and U

The three domains (UDI, sDG, and VF) were used to compare the ~ Table 3 presents the results for the specific sensors studied — they
performance of the different shading configurations. The results ~ were organized in three line positions: far from the glazing, in the

are presented and discussed in the sections below. middle of the room, and near the glazing (Refer to Fig. 1). Figure
9 compares the average UDI-a value for all sensors distributed in

1 Roller Shade Closed 2. Roller Shade Bottom
Plan view LTI TTIT s Plan view @
L} { ] l {]
Temporal map Temporal map
Day of Year Day of Year
3. Louvres 90_Top&Bottom 4. Louvres 90_Bottom
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Fig. 10. UDI results over the working plane (plan view) and throughout the year (temporal map).
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the working plane and the mean UDI-a for the sensors grouped in
the three line positions. Figure 9 also includes the Uniformity (U)
value for the entire working plane.

As shown in Fig. 9, the shading configurations achieved
significant improvements compared to the case study (RS_C). For
example, the annual average UDI-a increased up to 68% in the line
far from the glazing, up to 58% in the middle of the room, and up
to 14% near the window.

Findings also revealed that the daylight distribution with the
roller shades always down was not uniform (0.44). In the zone far
from the glazing the mean UDI-a achieved 16% whereas in the
zone near the window the mean UDI-a reached 66%, with an

Table 4. Annual results for the specific observer views evaluated.

average of 34% over the working plane. Nevertheless, the roller
shade applied only in the bottom part of the fagade reached 77%
far from glazing and 80% near the window, with an average of
78%, obtaining a U of 0.98. Hence, it is observed that letting a
clear section (with no roller shades) at the top of the
window/glazing facade 1is advantageous for daylighting
distribution.

Contrary to the roller shades, the use of louvres with the 90°
rotated slats at the top section of the glazing suggested that they
can contribute to increasing the UDI-a levels in the profound zone.
From Fig. 9, it is observed that these louvres obtained 84% far
from glazing and 71% near glazing, with an average of 78% over

Shading configuration Line position sDG (%)
Row 1 Row 2 Row 3 Row 4
1 RollerShades_Closed Far from the window 0 0 0 0
Middle of the room 0 0 0 0
Near the glazing 10 5 8 12
2 RollerShades_Bottom Far from the window 0 0 0
Middle of the room 0 0 2 0
Near the glazing 11 11 9 12
3 Louvre90_Top&Bottom Far from the window 10 10 7 0
Middle of the room 26 21 21 12
Near the glazing 65 39 64 62
4 Louvre90_Bottom Far from the window 9 9 5 3
Middle of the room 44 25 24 13
Near the glazing 67 51 66 67
5 Louvre60_Top&Bottom Far from the window 0 0 0
Middle of the room 0 5 1
Near the glazing 55 28 44 47
6 Louvre60_Bottom Far from the window 2 4 0 0
Middle of the room 13 8 14 5
Near the glazing 54 31 54 51
70
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Fig. 11. Average (Avg) of the occupied hours with disturbing + intolerable glare for all views in the working plane and for the specific views grouped in the three line
positions. RS: roller shade; L: louvres (followed by the angle of the slat rotation); C: shading always closed; B: shading covering only the bottom section of the fagade;

T&B: shading covering the top and bottom sections of the facade.
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the working plane. However, the louvres with the clear section these findings, it is inferred that the use of louvres covering the
reached 82% and 56%, respectively, and an average of 73% on the  entire glazing is better than letting a clear top section of the fagade.
working plane. The U results confirmed this trend: a U of 0.87 was Regarding the louvres with the 60° rotated slats, they were the
reached by the louvres covering the entire fagade whereas a U of  best suited to contribute to increasing the average UDI-a over the
0.69 was obtained by the louvres with the clear top section. From  working plane (80%) in comparison to the roller shades and the
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Fig. 12. DGP results over the working plane (plan view) and throughout the year (temporal map).
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louvres with 90° rotated slats. Contrasting their use or their
absence in the top section of the fagade, interesting findings were
also depicted. First, their use got very similar results in the three
lines studied (79% near, 81% middle, and 80% far). Then, their
absence contributed to increasing the UDI-a far from the glazing
reaching 83% compared to the 72% obtained near the glazing.
Regarding the uniformity distribution, their use of covering the
entire facade contributed to reaching a U of 0.95 vs a U of 0.86
attributed to the louvres with the clear top section. It is then
confirmed that the use of louvres covering the entire glazing is
better than letting a clear top section of the fagade.

Figure 10 includes the average UDI results over the working
plane and throughout the year. It is then observed that the roller
shade always closed is the least recommendable option since the
temporal maps depict the useful illuminances below 45%
throughout the year and only in the zone near the window. When
letting the top section with no roller shade, the daylight is greatly
improved over the entire working plane, providing the profound

Table 5. View factors for all tags and layers in the model.

zone with autonomous levels of daylight. From the temporal maps
in Fig. 10, it is also depicted that the design adjustment got
important improvements, particularly during winter when the
UDI-a increased from 20% up to 80%. Moreover, the UDI-a was
maintained at around 80% during the year with the clear top
section.

Regarding the louvres with the 90° rotated slats, the two shading
options contribute to reaching a UDI-a of around 80% during all
year. However, the best choice resulted in the option covering the
entire facade since it contributed to reducing the UDI-e,
particularly from March to September. Similarly, the louvres with
the 60° rotated angles achieved a UDI-a of around 80% throughout
the year and contributed to reducing the UDI-e during summer.

3.2. sDG

Table 4 shows the results for the specific observer views among
the 12 pies organized in the three evaluation lines: near the glazing,
in the middle of the room, and far from the glazing fagade (Refer

Shading configuration Avg. VF (%)

Avg. Distance (m)

No_Shading 21.17 3.92

RollerShades Closed 0 0

RollerShades Bottom 2.29 4.71

Louvre90 Top&Bottom 13.19 3.85

Louvre90_Bottom 14.50 3.90

Louvre60_Top&Bottom 6.90 3.87

Louvre60_Bottom 9.20 3.97

Table 6. Annual results for the specific sensors evaluated.
Shading configuration Line position VF (%)
Row 1 Row 2 Row 3 Row 4

No_Shading Far from the window 9 10 10 9
Middle of the room 16 18 18 16
Near the glazing 39 42 42 39

RollerShades Closed Far from the window 0 0 0 0
Middle of the room 0 0 0 0
Near the glazing 0 0 0 0

RollerShades_Bottom Far from the window 2 2 2 2
Middle of the room 4 5 5 4
Near the glazing 0 1 1 0

Louvre90_Top&Bottom Far from the window 7 8 8 7
Middle of the room 13 15 15 13
Near the glazing 20 22 22 20

Louvre90_Bottom Far from the window 8 9 9 8
Middle of the room 14 15 15 14
Near the glazing 21 22 22 21

Louvre60_Top&Bottom Far from the window 2 3 3
Middle of the room 4 5 5 4
Near the glazing 14 15 15 14

Louvre60_Bottom Far from the window 4 5 5 4
Middle of the room 8 9 9 8
Near the glazing 15 16 16 15
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Fig. 13. Average (Avg) of the VF accounted for all positions in the working plane and for the specific positions grouped in the three lines. RS: roller shade; L: louvres
(followed by the angle of the slat rotation); C: shading always closed; B: shading covering only the bottom section of the fagade; T&B: shading covering the top and

bottom sections of the fagade.

to Fig. 1). Figure 11 compares the average sDG value for all
sensors distributed in the working plane and the mean sDG for the
sensors grouped in the three line positions.

Figure 11 indicates that the different shadings contributed to

increasing the daylight glare conditions, in comparison with the
case study (RollerShades_closed, RS_C). The roller shade applied
only in the bottom part of the fagade increased the sDG up to 18%,
followed by the louvres with a 60° rotated angle that got 27%. The
highest sDG (52%) was attributed to the louvres with a 90° rotated
angle applied only in the bottom part of the glazing. A similar
trend was observed among the rows for which the % of disturbing
+ intolerable glare was also increased. The roller shade applied
only in the bottom part of the fagade was the shading system that
reached the minimum increments of glare. Compared to the RS _C,
the RS B obtained 11% vs 9% in the line near the glazing, 1% vs
0% in the middle of the room, and 0% in the line far from the
glazing. The other shading configurations significantly increased
the DGP, particularly in the zone near the glazing.
Figure 12 depicts the DGP distribution over the working plane
(plan views) and throughout the days of the year (temporal maps).
Special attention is given to the percentages of disturbing plus
intolerable glare. Hence, it is observed that the most affected
observer views (slice pies) were those pointing toward the glazing
facade whereas the rest of them are marked with imperceptible or
perceptible glare (See the Zoom Detail in Fig. 12). Among the
different shadings, the two options of the roller shades contributed
to achieving the smallest areas of glare (disturbing plus
intolerable), not only over the working plane but also throughout
the year. The third best option was the louvre with 60° rotated slats
covering the entire glazing facade.

3.3 VF

Table 5 summarizes the average VF and the average distances,
considering all view tag layers encountered after view rays passed
the glazing facade. In this case, the VF with no shading device was

also included as a reference point for further comparison. In
addition to this, Table 6 includes the results for the specific sensors
evaluated in the three lines studied: far from the glazing, in the
middle of the room, and near the glazing (Refer to Fig. 1). It is
then observed that the roller shade always closed did not account
for views, similar to the roller shade with the clear top section that
only achieved a VF of 2.29%. The louvre with the 90° rotated slats
and the clear top section was the best suited to allow views outside
(VF of 14.5%).

Figure 13 depicts that the sensor points in the line near the
glazing achieved the highest VF whereas the occupancy positions
far from the glazing obtained the lowest VF. Figure 14 depicts the
VF over the working plane. Hence, it is confirmed that the louvres
with the 90° rotated slats are the best options to allow occupant
views. On the contrary, the roller shades are the least
recommendable option.

4. Discussion

This study analysed the results in two main ways: 1) the average
over the working plane which is the metric most widely used and
reported in the literature review, and 2) the mean of specific
sensors distributed in three main lines to better analyse the
daylight and visual performance near the glazing, in the middle of
the room, and far from the glazing. The first way is useful because
it is a simple statistical tool that summarizes the results in a single
metric. However, the average value is usually affected by the
highest and the lowest values. As we observed from the analysis
here reported, the mean of the three lines presented significant
differences, particularly when comparing the line near the glazing
vs the line far from the glazing. It is then recommendable to use
metrics that are less sensitive to extreme values. Therefore, this
study complemented the average with other statistical metrics
(such as the U metric and the temporal maps) to better understand
the daylight distribution over the working plane and throughout
the year.
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Due to daylight variability, a shading device cannot be
thoroughly assessed using single-moment simulations. It is then
necessary to evaluate the annual daylight performance -
condensed in this work with the metrics UDI and DGP. However,
these metrics tend to sacrifice an understanding of the time-based
performance variability in favour of retaining spatial performance
variability [36]. To take the temporal variability of the shadings
performance, this paper used temporal maps which are graphical
formats that display data on a surface map whose axes represent
the hours of the day and the days of the year [37]. Therefore, the
results presented in this work can summarize the shadings'
performance over space and over time.

The literature review showed that shadings are helpful to
enhance the overall performance of buildings. Among the
different devices, roller shades and louvres are two of the most
widely used nowadays. However, it was observed that these types
of shadings are usually applied to covering the entire windows and
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Fig. 14. Plan view of the VF for every layer and tag in the model.

facades. Nevertheless, the rule of thumb that relates the window
head height with the depth of daylight penetration was taken in
this work as an analogous reference to play with the shade head
height. Significant improvements in daylight provision and
distribution were observed from the design modifications.

To sum up, roller shades performed better when they were
applied covering only the bottom part of the glazing facade. It is
then recommendable to let a clear top section at the top of the
glazing system — 80 cm were left with no roller shade in this work.
Since it is a design adjustment that will not require significant
investments in existing buildings, building managers are
encouraged to do so and architects are encouraged to specify these
shadings by implementing the shade head height adjustment.
Roller shades applied only in the bottom part of the glazing fagade
will significantly improve the daylighting conditions indoors by
increasing the autonomous illuminances over the working plane
and throughout the year. Besides, this shading was the option with
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the minimum increments of daylight glare conditions. In terms of
VF, the simulations indicated that views were not allowed through
roller shades. However, it is thought that they could allow views
through the fabric (shapes, movement, perception of day-night
differences) but not the sort of details. Future research on this topic
and the acceptance/preference of views through roller shades by
occupants will be interesting to study.

Louvres performed better when they were used to covering the
entire glazing facade. This result is attributed to the top louvres’
capability of redirecting incoming light by reflection toward the
ceiling and from there to the back of the room. As a consequence,
louvres can increase daylighting levels at the back of the room
while getting higher levels of uniformity. Furthermore, the glare
conditions had no substantial differences when applying or not the
louvres at the top section of the glazing. Of the two louvres options,
the one with the 60° rotated angles got the lower levels of
disturbing plus intolerable glare. However, the louvres with the 90°
rotated slats were the best suited to allow views outside.

5. Conclusions

This paper presented a comparative study of several shading
configurations in terms of their annual and spatial effectiveness in
providing autonomous daylight levels, reducing daylight glare
problems, and offering views outside. Simple design adjustments
were applied to typical roller shades and louvres to evaluate if they
could improve the buildings’ performance. The shade-head height
was reduced by 80 cm, leading to the top of the window being
clear. This strategy was analogous to the rule of thumb that relates
the window head height with the depth of daylight penetration.

Interesting findings were derived. Regarding the UDI-a metric,
the roller shades performed better when they were applied letting
the top of the window being clear. On the contrary, louvres
performed better when they covered the entire glazing fagade. This
last performance is attributed to the louvres capability of
redirecting incoming light to the back of the room. In addition to
the highest UDI-a performance over the working plane and
throughout the year, the roller shades got the highest levels of U,
so they can be considered the best choice in terms of daylight
distribution.

Regarding the DGP results, the roller shades were the best
choice to reduce glare problems, particularly near the glazing.
However, the roller shades were the worst option to allow views
outside. Although the simulation did not account for views
through the fabric, it is thought that roller shades can actually
allow views but not the sort of details. Future research can explore
this interesting issue — the acceptance/preference of occupants’
views through fabrics.

It is concluded that a simple design adjustment can make a
significant difference in the daylight and visual performance of
spaces. Building managers and architects are encouraged to
design/specify the use of roller shades leaving the top section of
the glazing with no shading. As regards the louvres, it is
recommendable to continue specifying them by covering the entire
glazing fagades. Here, it is important to consider that louvres with
the 60° rotated slats performed better in terms of UDI-a and DGP
metrics. However, they got VF values slightly lower than the
louvres with the 90° rotated slats.

This design solution can be replicated in the other seven
classrooms at the first level (classrooms with the same orientation,
function, and area) and in other similar spaces in the second and

third levels of the studied library. That solution can also be
implemented to retrofit other educational buildings, not only in the
university studied but in other institutions structured in similar
conditions and latitudes. Since the use of roller shades and louvres
is a common practice in educational buildings, the design
adjustment here explored can be considered a viable and
potentially effective solution to improve the daylighting
conditions indoors.

Future research should further explore other shadings and
redirecting systems and their effect on daylight provision, glare
prevention, and views outside. Other rules of thumb can be studied
to test if they can improve buildings' performance when planning
appropriate shading strategies in the initial design process of
buildings. Furthermore, other study domains such as energy
efficiency, thermal comfort, and energy cost savings in a building
can be affected by this type of design adjustment. Research
currently ongoing is exploring these shading implications.
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