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Abstract - Effective daylighting in institutional classrooms often results in lesser usage of artificial lighting, thereby reducing
electrical consumption and additionally enhancing the visual comfort for the user. This study explores how to manipulate
Window to Wall Ratios (WWR) strategically and include different forms of fenestration to optimize natural lighting in an
academic studio environment. The process includes computer simulations using design builder software with varying cases.
With the baseline conditions, cases are tested from minimum to maximum window area coverage, with several WWR layouts
and increased sill levels to find the best ratio for optimizing daylight penetration. In addition to adjusting WWR, the research
investigates various fenestration styles, such as light shelves and clerestories, which demonstrate their better performance. A
thorough examination of daylight distribution patterns under different setups is made possible using the metrics Spatial Daylight
Autonomy (SDA), Annual Sunlight Exposure (ASE), and Uniform Daylight Illuminance (UDI) by computational simulation.
From the results, it may be noted that maximum illuminance inside the classroom can be achieved with respect to UDI, SDA

AND ASE by having a 30% window wall ratio with the sill height of 1.5m without the addition of clerestory and light shelves.

Keywords - Daylighting, Higher education, Institutional building, Lighting quality, Useful Daylight llluminance (UDI), Window

wall ratio.

1. Introduction

Daylighting is a demanding aspect of Architectural
interior planning in any educational setting that fundamentally
affects the overall comfort of the students and the educators.
Educational Institutions, which operate only during the day,
between 8.00 am to 6.00 pm, awareness is needed to promote
good daylighting, highlighting the efficiency of students’
performance [1]. In a tropical region like Chennai, Tamil
Nadu, India, which experiences sunny days for almost 350
days a year, achieving daylight illumination as per the
recommended standard requirement presents unique
challenges all through the year [2]. As an integral part of the
educational setting, Architectural design studios should
promote innovation, creativity and efficiency. To support a
wide range of activities that engage students in technical
drawings, three-dimensional physical modelling, group
discussion, and sheet presentation, these spaces must provide
enough daylight with visual comfort to augment these
activities [3]. Inadequate lighting design may cause eyestrain,
weariness, and decreased cognitive function, all of which can
impair learning.

2. Literature Study
2.1. Importance of Daylighting in Building

Daylighting in a building can accentuate human
performance and improve productivity as it utilizes the natural
light source to illuminate the building interior. It also enhances
the occupant's mood and overall health [4]. An effective
architectural design of the building should aim to maximize
natural light, especially when the sun is above the horizon,
which involves careful consideration of orientations, shapes,
size, window placement and materials to optimize the effect
of daylighting [4, 5]. For tropical climates experiencing hot
summers and moderate winters, north facing windows provide
good quality natural light throughout the day without glare. It
avoids overheating in summer and excessive heat loss in
winter by providing a stable and comfortable indoors [6].

Additionally, window orientation can reduce dependence
on artificial lighting. Designers, Architects and consultants
integrate the lighting code and standards while orienting the
window direction, size and sill height in their design for better
illumination during the greater period of the day [5, 7]. Among
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most building typologies, Institutional daylighting is
considered more important as student learning in Institutions
happens most of the time during the day between 8.00 am and
5.00 pm [8].

2.2. Institutional Daylighting and its Benefits on Students
Daylighting with proper illumination is an important
aspect of the institutional design to enhance the visual comfort
for students in creative studies [9]. Natural lighting plays a
major role in maintaining circadian rhythm and regulating the
biological clock for wvarious physiological wellness.
Daylighting is an important factor in improving cognitive
functions and emotional wellbeing as it can improve academic
productivity in students. Better visualization of spaces
improves design skills, increases creativity and innovation,
and enhances practical learning for the students, as well as
how a well-lit space augments their learning process [10].

In three districts in the United States of America-
Washington, California, and Colorado-Heschong examined
the academic performance and accomplishments of 21,000
pupils. In comparison to pupils in the least illuminated rooms,
the results indicated that students in naturally lit classrooms
advanced 20% quicker on math tests and 26% faster on
reading tests, with 7-18% higher scores. Mabdeh, in his
research, identified various retrofit measures to achieve
effective passive daylighting in institutions through radiance
software simulation [10, 11]. Study after study on daylighting
in classrooms revealed improved student performance and
achieved 55% energy savings through daylighting when
compared to artificially illuminated schools [11].

2.2.1. Physiological Benefits of Daylighting on Students and
Staff

Daylighting exposure is associated with the production of
the hormone serotonin, which promotes well-being. Studies
indicate that students and staff exposed to adequate natural
light have lower occurrences of sleep disorders as daylighting
synchronizes the sleep-wake cycle by modulating circadian
rhythm. Daylighting offers better visual comfort than artificial
lighting, which creates eye strain and fatigue caused by
prolonged reading and screen activities. It also regulates
vitamin D production, which is required for bone health and
immune function, by lowering blood pressure and heart rate,
creating a calmer and healthier environment. The natural
variation in the light intensity throughout the day can keep
students less lethargic [12, 13].

2.3. Building Components that Promote Daylighting
Building components like fenestrations, windows, and
clerestory play a major role in resolving the quality of light
entering the space. Furthermore, the fenestration light shelves,
which reflect daylight indoors, can also help to provide glare
free visual environment [14]. Sill height determines the point
at which the window begins and determines the quantity of
light falling on a work plane. In institutions catering to
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creative design studies, the work plane is 0.8m from the
finished floor level. A study conducted by Maleki in 2021
reveals that varying sill height for different orientations leads
to different daylighting outcomes with an increase in energy
efficiency, especially in office buildings [15].

2.3.1. Importance of Fenestrations

Fenestration plays a critical role in enhancing daylighting
performance within the building, and it also augments
pleasing vista through visual connection to the outdoors by
natural views, which in turn creates a conducive learning
atmosphere. Fenestration, such as window clerestory, is
designed in various sizes, shapes, and orientations to optimize
daylighting. The window to wall ratio plays a major role in
resolving the quality of light entering indoors [16].

Fixed windows allow daylighting where ventilation is not
a priority, operable windows provide natural ventilation and
daylighting, and clerestory windows allow light to enter while
maintaining privacy and reducing glare, making it ideal for
large spaces [17]. Light shelves, which are horizontal surfaces,
reflect daylight deeper into the interior space and provide
shade to the lowest window from direct sunlight, thus reducing
the glare and illumination of daylighting [18].

The placement and size of windows should be designed
to maximize daylight penetration into larger areas. Optimal
daylighting should be achieved on a work plane at 0.8m height
where the actual lighting falls on the working table. Windows
or clerestory can bring more illumination deeper into interior
spaces, which is governed by an important factor known as the
Window Wall Ratio (WWR) [19].

2.3.2. Use of Clerestory Window in Educational Institutions

A clerestory window is found in the upper part of the wall
above the eye level near the roofline, which effectively paves
the way to bring in glare free daylighting with good
illumination. This can be continuous or segmented, adapting
to fit the architectural style of the building [20]. Orienting
north-facing clearstories in the northern hemisphere provides
consistent and diffused light. They can be either fixed or
operable [21].

Clearstories allow for natural light and outdoor views
without compromising the privacy of the interior spaces. It
also gives a sense of special volume in large institutional
buildings. These windows bridge the gap as a biophilic design
element between the indoor built spaces and the outdoor
environment through a visual connection. In a multifunctional
space, attributing to the flexibility in space, clearstories can
provide adaptable lighting conditions based on the time of day
[22].

2.3.3. Use of Light Shelves in Educational Institutions
Light shelves are designed to spread uniform light
indoors, reaching even the spaces furthest away from the
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space; the need for artificial light reduces and hence increases
the energy efficiency of the element. The light distribution of
the light shelves is done through reflectance, thereby reducing
the glare effect from direct sunlight, which is an important
factor required for classroom visual comfort [23]. Parameters
like SDA, UDI, and ASE are very important in quantifying the
required amount of daylight entering the built space.

2.4. WWR in Institutional Fenestrations

WWR plays a major role in indoor daylighting, which
stipulates the proportion of a building wall area that is covered
by a window. It is expressed in percentage and is calculated
by dividing the total area of the window by the total wall area
(excluding the door and other openings) and then multiplying
by 100 [23].

WWR= (Total window area/ Total wall area) x 100

The optimal WWR should balance these factors to
achieve a comfortable and sustainable indoor environment
[23]. According to Ayoosu et al., the research suggests that a
minimum WWR of 12- 14% is necessary for adequate
daylighting in a school building. A higher window to wall
ratio can increase daylight penetration, improving the overall
illumination [18]. As per the research conducted by
Alwetaishi, a WWR of around 30% is optimal for daylight
performance in lecture theatres. Different WWRs can be
implemented in institutional buildings as each space has a
distinct impact on daylighting [19].

2.4.1. Types of WWR in Institutions and their Impact on
Daylighting

A low WWR of 0-20% configuration has minimal glazing
compared to the wall area and is suitable for spaces where
daylighting is less critical. A moderate WWR of 20-40% range
has a balance between the glazing and the wall area. It allows
for an effective strategy, such as light shelves or reflective
surfaces, to distribute light evenly indoors and is the most
recommended for classrooms and other learning
environments. A high WWR of above 40% leads to excessive
solar heat gain, glare and potential overheating and is not
recommended for hot tropical climates. If the usage is
unavoidable, proper shading devices must be used to mitigate
this issue [24].

2.5. Role of DF, SDA, UDI and ASE in Quantifying the
Spatial Illumination Indoors

DF, SDA, UDI, and ASE are important quantifying
metrics for analyzing building daylight design. Each of these
parameters is unique to find the different aspects of
daylighting

2.5.1. Daylight Factor

The percentage of the ratio of internal illumination at a
given location within a room to exterior daylight illumination
under a cloudy sky is known as the daylight factor. DF= (Ei x
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Eo) x 100 %. One of the three components of illumination, the
Sky component, plays a vital role in increasing the daylight
factor, for example, placing a window.

Hence, it “sees” more of the sky rather than the adjacent
building. As per the international standard in the UK CIBSE
lighting guide, which broadly bands average daylight factor
into the following categories under 2% DF, it is taken as no
adequate lit space and artificial lighting is required all the
time. For over 5% of DF, artificial lighting is generally not
required except at dawn and dusk but may be subjected to
glare and solar gain. Architects and designers, for effective
window size, placement, and the type of glazing to be used to
enhance daylight performance in the interiors [25], use
daylight factor as the optimization metric.

As per Liang et al.'s study for educational spaces, a DF
greater than 2% is considered a prerequisite for most activities
in a well-lit environment for healthcare spaces. The values
ranging between 2% to 5% are considered optimal for visual
comfort and productivity as per design guidelines prescribed
by setting the Standard for Environmental and Energy Design
Leadership for finding Window to Floor Ratio (WFR). For
occupancy in institutional settings for creative studies where
students may spend long hours of more than 10 hours, DF has
been linked to enhanced mood, increased alertness and
support circadian rhythm for general wellbeing [26].

2.5.2. Spatial Daylight Autonomy

Sufficient daylighting for a given space is measured using
SDA for a specific occupied hour, 55% of the time spent
during institutional working hours of 8 am to 6 pm, which
receives a minimum of 300lux above 0.8 meters above the
finished floor level (standards). This metric helps to
understand how well a space is naturally lit throughout the day
in a year by daylight illumination [27]. An increase in SDA
indicates better illumination by daylighting, enhancing the
visual comfort of the occupants [28].

2.5.3. Useful Daylight llluminance

This metric helps in evaluating the beneficial quantity of
daylighting that falls within a “useful range” for the occupants
for activities such as reading and working. The three bands of
UDI “Fell short” (<100 Ix), “Useful” (100- 500 Ix), and
“Exceeded” (>2000 Ix). Quantifying the amount of time
spaces receive useful daylight helps the designer plan the
window orientation and placement of shading devices to
maximize daylight illumination and minimize glare. To ensure
daylighting positively contributes to the indoor habitat, it is
divided into two categories [29, 30], namely, UDI — a (for
acceptable daylighting level), UDI — e (for excess daylighting
level).

2.5.4. Annual Sunlight Exposure
This measures for one year the amount of direct sunlight
that an indoor space receives above a certain threshold
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required (eg.1000 Ix). This metric is important in the analysis
of glare and overheating. By properly analyzing this data,
designers can plan the fenestration mindfully without
compromising the occupant's visual comfort (or) leading to
excessive heat gain [31].

These metrics provide a complete sense of how
daylighting interrelates with building interior spaces for
assessing daylight performance, allowing architects and
engineers to develop a fenestration design for occupants'
comfort while minimizing potential drawbacks. The change
from the conventional metrics like the daylight factor to these
distinct measures implicates the evolving specific
consideration of how daylighting in different aspects impacts
human acquaintance in a built habitat [32].

Table 1. ECBC suggested WWR percentage for education institution

percentage of above-grade floor
Structure space that satisfies the UDI criteria
Type Super
ECBC ECBC + ECBC
Business, 40% 50% 60%
Educational

2.6. Environmental Impact Potential Saving in Carbon
Emission

This would provide a holistic view of the benefits of
optimal daylighting, effective passive daylighting strategies
such as building orientation, fenestration design such as light
shelves, reflective louvers, and prismatic glazing can reduce
energy usage by up to 50% in institutional buildings .passive
daylighting improves indoor environment quality by lowering
the operational energy use and reducing environmental
footprint with lower Greenhouse gas emission as per the study
[33].

2.7. Recommended International and National Standards
for Daylighting in Institutional Building

2.7.1. lllumination Engineering Society Standards for Spatial
Daylight Autonomy (SDA) and Annual Sunlight Exposure
(ASE)

The term "ASE" refers to the proportion of an analysis
area that is above a direct sunshine illuminance level (e.g.,
1000 lux) for more than 250 hours annually. As a supplement
to SDA, ASE helps designers limit excessive sunlight. ASE
may denote glare risk. SDA evaluates whether an area gets
enough daylight on a work plane at 0.8m height during normal
operation hours on a yearly basis.

The aim is to provide 300 lux for 50% of the time spent
on an institutional building [12]. In India, the Bureau of
Energy Efficiency recommends minimum standards for
effective daylighting with the help of the Energy Conservation
Building Code 2017, as indicated in (Table 1), which indicates
the standards to be followed for manual measurements and
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computer simulations. Computer simulation is done through
BEE-approved daylighting simulation software.

2.7.2. ECBC Standards for Calculation of UDI, WWR and for
Modelling Simulation

For at least 90% of the potential daylight period, buildings
must reach 100 lux to 2,000 lux for the minimum floor area as
in (Table 1). All places enclosed by opaque, translucent, or
transparent interior partitions over 2 m from the finished floor
must be measured for illumination. Normal Measurements
will be taken 0.8 m above the finished floor on top of the work
plane. All institutional buildings imparting design-related
courses will be analyzed for 8 hours per day from 8:00 am to
5:00 pm IST, totaling 2,920 hours.

Useable daylight throughout a space is measured using
point-by-point grid values. A minimum of one point is
considered per square meter of floor area for measuring
Uniform Daylight IHluminance (UDI). Material specification
sheets, as prescribed by the manufacturer, specify actual
Visible Light Transmission (VLT) for fenestration modelling.
All surrounding natural or artificial daylight obstructions must
be modelled if the distance between the facade and the
obstructions is less than or equal to twice their height. Default
reflectance of 30% and 0% will be applied when it is unknown
for all vertical surfaces of obstructers, both natural and
artificial.

Simulation models are developed with values of interior
surface reflectance using material specifications as prescribed
by the manufacturer. In the absence of material specification,
the default values, as mentioned in Table 2, are to be used.

Table 1. Default values for surface reflectance as prescribed in ECBC

2017
Surface Type Reflectance
Wall or Vertical Internal Surface 50%
Ceiling 70%
Floor 20%
Furniture (Permanent) 50%

All climate zones must have vertical fenestration
standards that satisfy the following requirements for
compliance with the three incremental energy efficiency
levels: ECB, ECBC+, and Super ECBC.

a) The maximum permitted Window Wall Ratio (WWR),
which is 40%, is applicable to structures that demonstrate
conformity with the Prescriptive Method, which includes
the Building Envelope Trade-off Method.

The minimum permitted Visual Light Transmittance
(VLT) is 0.27 [34].

b)
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2.7.3. NBC Standards for Illumination Levels as per National
Building Code, 2016 [35]

Table 2. NBC standards for illumination

Type of Interior . uality class
)llr? Education Ram%«inoigizg\gce o(ngire():/t glare
Building limitation
Assembly Hall 200-300-500 3
Teaching / Lecture
Sgace 200-300-500 1
Demonsration 300-500-750 1
Seminar Rooms 300-500-750 1
Art Room 300-500-750 1
Libraries 200-300-500 1
Laboratories 300-500-750 1
Workshop 200-300-500 1

2.7.4. NLC standards for Illumination Levels [36]
Table 3. Recommendations for the various locations of an educational
institution about lighting levels and glare index

Area IHlumination (Lux) | Glare Index
Classrooms 300 16
Lecture Rooms 300 16
Reading Rooms 150-300 19
Laboratories 300 16
Corridors 70 -
Libraries 300 16

L 70

Auditorium (Stage Area- 300) i
Cafe 100 -
Staff Room 150 -

Thus, a comfortable indoor environment for occupants
can be ensured by using a simulation tool like Design builder.
The percentage of above-grade floor space that satisfies the
UDI criteria creates a table tag for this content to derive
metrics such as spatial daylight autonomy, annual sunlight
exposure, and useful daylight illuminance to optimize
different lighting scenarios and validate design fenestrations
[37].

2.8. Use of the Simulation Tool - Design Builder for
Adequate Illumination

Design Builder software version 6 gives an extensive
analysis of building performance by integrative daylight
simulation with modelling. This aids in the perception of how
daylighting and energy influence one another. A simple
graphical interface for the modelling process makes this
software for both experienced professionals and newcomers.

This software uses an energy-plus engine as it assists in
accurate simulation for complex design systems. This
proficiency allows this software version 6 to study how
daylighting correlates with other building elements for
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quantitative optimization of daylighting. This software uses
various metrics such as DF, SDA, UDI, and ASE. The
flexibility in modelling design is allowed in this software for
exploration of various design options as it helps in finding the
optimal solution [38].

This software avails a two-module approach: one is an
energy plus module based on solar irradiation data, and
another one is a radiance-based module which uses outdoor
illuminance characteristics from selected sky models. This
result is more accurate depending on the needs of the project.
Comprehensive data input options that include geometrical
and optical properties of the room, as well as various weather
conditions, enhance the accuracy of simulation for different
scenarios. This software is more reliable for professionals as
it has been validated against the empirical data for the
demonstration of satisfactory accuracy in daylight calculation
[39]. Thus, the present research focuses on conducting a pilot
study for an institutional classroom addressing three main
parameters, namely window to wall ratio, addition of
clerestory and light shelves to achieve effective illumination
using the metrics Annual Sunlight Exposure (ASE), Spatial
Daylight Autonomy (SDA), Uniform Daylight Illuminance
(UDI) by computational simulation.

2.9. Innovative Daylighting Technologies for Institutional
Building in Tropical Climate

The dynamic shading system is most preferred in the
tropical region as there are notable shifts in the sun angles
throughout the day. This system plays an efficient role in
sustaining a plush indoor temperature with optimal lighting
for study purposes. The use of optical components that both
refract and disperse light prismatic glazing creates a consistent
distribution of daylighting. Contrarily, smart windows utilize
electrochromic or photochromic material to alter their
transparency about the outdoor environment. These are more
appropriate for tropical climates as they are crucial to
managing solar heat gain.

In tropical settings, controlling glare is a crucial aspect.
Reflective louvers are a good solution as they reflect light into
deeper portions of the room with dispersed light, reducing the
effect of direct sunlight. Light courts, like a smaller courtyard,
can allow daylight penetration on multiple levels. These
passive strategies will create a well-lit interior with good
ventilation. Areas like hallways and inner classrooms that lack
outside windows can be fitted with light tubes as they block
UV Radiation and prevent heat transfer. These are very
effective for tropical climates [40].

3. Materials and Methods
3.1. Study Area

The pilot study considered for the research is a Design
studio of an Institutional building located in Chennai, Tamil
Nadu, India. The studio measures 1469 sq.m and is located on
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the first floor, as shown in Figures 1, 2 and 3. Four windows
of size measuring 1.8mx1.2m face west on the roadside, and
the remaining four windows of similar size face east towards
the internal courtyard, as shown in Figure 4(a).

FRSTFLOOR PLAN s

Fig. 2 Plan of the studio under study

The existing sill height of the classroom subjected to
study is 0.9m from the finished first floor level with a ceiling
height of 3.5m and has a window to wall ratio of 17% on both
the west and east sides, as indicated in Figure 4(b). During the
simulation process, in all cases, the painted white walls on the
north, west and eastern sides, the pin-up boards on the
southern wall, the rough white textured paint finish on the
ceiling and the half-white matt ceramic tile for flooring are
considered as constants in design. Basic furniture required in
the studio and external factors, namely, temperature,
humidity, wind speed, and adjacent built forms, are not

considered for the study.
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Fig. 4(a) Plan of the studio under study

The simulation is calculated for the Institutional building
operating from 8-5. For this simulation, the sky model of clear
sky is used with the work plane height at 0.8m from the floor
level on which the simulations are calculated. The climate data
inputs of the study location are used from ASHRAE standard
climate data. The window glazing used has the properties of

Total Solar transmission — 0.691, Direct Solar
transmission- 0.624, Light transmission — 0.744, U value
(15010292/ EN673) (W/sq.m- K)- 1.924. The final output is
taken in a daylighting map/grid of 0.3m x 0.3m. Simulation
Output Parameters Daylight Illuminance Levels: Specify the
desired daylight illuminance metrics, such as Daylight
Autonomy (DA), Spatial Daylight Autonomy (SDA), and
Annual Sunlight Exposure (ASE).
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These are some of the main parameters you would set
when using DesignBuilder for daylighting analysis. The
specific values and settings would depend on the particular
requirements of your project, the local climate, and building
design considerations.

s | i) =

Fig. 4(b) Existing fenestration with 17 % of WWR

RESEARCH DESIGN

3.2. Performance of Simulation with Varied Sill Levels and
Window Wall Ratio
3.2.1. Existing Sill Level of 0.9m with Varied WWR

The window wall ratio has been varied to 20%, 30% and
40% for the existing sill height of .9 m from the finished first
floor level. The simulation was performed to find the values
of SDA, ASE, and UDI for illumination on a work plane at
0.8m from the finished floor level, as shown in Figure 6. For
a WWR of 20%, the lintel is maintained at .9 m from the
finished first level, and the width of the windows is 1.8m, as
shown in Figure 6(a). For WWR of 30%, the lintel is
maintained at 0.9m from the finished first floor level, and the
width of the windows is 1.95m, as indicated in Figure 6(b).
Similarly, for WWR of 40%, the lintel is maintained at 0.9m
from the finished first floor level, and the width of the
windows is 2.7m, as seen in Figure 6(c).

20% WWR — 40% WWR - 40%
12M 30%
40%
'E WWR
o 20%
g
-
S 15M 0 " D mmm § fmm = EE N s 5§ mm ®
7]
40%
WWR
20%
1.8 M
30%
Calculation of Design Metrics through Simulation
SDA uDI

Fig. 5 Simulation Design Diagram
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Fig. 6 0.9m sill with (a) 20%, (b) 30, and (c) 40% WWR - both east and
west walls.

3.2.2. Change of Sill Level to 1.2m with Varied WWR

The window wall ratio has been varied to 20%, 30% and
40% for a sill height of 1.2m from the finished first floor level.
Simulation has been performed to find the values of SDA,
ASE, and UDI for illumination on a work plane at 0.8m from
the finished floor level. For a WWR of 20%, the lintel is
maintained at 2.55m from the finished first level, and the
width of the windows is 1.8m, as shown in Figure 7 (a). For
WWR of 30%, the lintel is maintained at 3.0m from the
finished first floor level, and the width of the windows is
1.95m, as indicated in Figure 7(b). Similarly, for WWR of
40%, the lintel is maintained at 3.0m from the finished first
floor level, and the width of the windows is 2.7m, as seen in
Figure 7(c).
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Fig. 7 1.2msill with (a) 20 %, (b) 30, and (c) 40% WWR - both east and
west walls.

3.2.3. Change of Sill Level to 1.5m with Varied WWR

The sill height is changed to 1.5m from the finished first
floor level. The WWR is changed from 18% to 20% sill at
1.5m with lintel at 3m and width of the window at 1.8m as in
Figure 8 (a), 30% (sill at 1.5m with lintel at 3m and width of
2.4m) as in Figure 8 (b), 40% sill at 1.5m with lintel at 3m and
width of 3m on both east and west sides of the classroom as in
Figure 8 (c). Simulation has been performed to find the values
of SDA, ASE, and UDI with varied WWR on a work plane at
0.8m from the finished floor level.

3.2.4. Change of Sill Level to 1.8m with Varied WWR

Sill height is changed to 1.8m from the finished first floor
level, and the WWR is changed from 18% to 20% (Sill at 1.8m
with lintel at 3m and 2.1m window width) as in Figure 9 (a),
30% (sill at 1.8m with lintel at 3m and 3m window width), on
both the sides of east and west as in Figure 9 (b). 40% of WWR
has not been considered due to the constraint in the window
surface area. Simulation has been performed to find the values
of SDA, ASE, and UDI with varied WWR on a work plane at
0.8m from the finished floor level.
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Fig. 11 Addition of light shelf to the existing

3.3. Performance of Simulation with Addition of Clerestory

Clerestory has been added above the existing east and
west facing windows with dimensions of 3 m x 0.75 m, as
shown in Figure 10. Additional clerestory has been provided
on the northern wall owing to the glare free light. Simulation
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has been performed to find the values of SDA, ASE, and UDI
with a 40% window wall ratio on a work plane at 0.8m from
the finished floor level.

3.4. Performance of Simulation with Addition of Light
Shelves

In addition to clerestory, light shelves are placed on
North, West and Eastern side walls measuring 1m length
internally inside the classroom and 1.2m extended outside, as
shown in Figure 11. Simulation has been performed to find the
values of SDA, ASE, and UDI with a 40% window wall ratio
on a work plane at 0.8m from the finished floor level.

4. Results and Discussion

Simulation has been performed under three different
conditions, namely, varied window wall ratio addition of
clerestory and light shelves to analyze the values of the design
metrics - UDA, SDA and ASE for achieving better
illumination for the work plane height of 0.8m.

UDI: Irrespective of the change in sill levels from 0.9m
to 1.8m and the WWR from 20 — 40%, the useful daylight
illuminance remains constant throughout the day. However, it
has been observed from Figure 12 that with WWR less than
20%, the value of illumination nearer to the windows ranges
from 130 to 230 lux, with the minimum permissible value
being 300 lux. The values diminish rapidly to 7 lux towards
the center of the intuitional space, indicating the “Fell short”
band.

SDA: The value of SDA increases with an increase in
WWR and sill height. The values are reduced to 10% - 20% in

the case of clearstory, but it is well within the permissible level
of 55% of the time spent in the classroom during working
hours of 8 am to 6 pm. In the case of light shelves with a
projection of one meter inside the classroom, the values are
well within the permissible limits throughout the classroom
except towards the central part of the southern side of the wall,
as shown in Figure 13. This may be encountered due to the
presence of the diffused light rather than the direct light, as in
the case of the clerestory. With reference to the earlier studies,
it may be observed that the presence of light shelves ensures
uniform lighting throughout the class interiors, but in this case,
that is not true. Uniform illumination can be observed only
using clerestory.

ASE: Even though with the increase of 40% of WWR,
the annual sunlight exposure is comparatively lesser than in
classrooms with 2sssss0% and 30% WWR, which clearly
indicates the presence of excessive glare and heat inside. From
Figure 13, it may be noted that maximum efficiency with
respect to three metrics, namely, SDA, ASE and UDI, can be
achieved with 30% WWR with a sill height of 1.5m-1.8m.

DF: The average daylight factor in all the cases of the
study during simulation, for WWR OF 20%, is observed as
inadequate. In the case of 40% WWR, the daylight factor is
found to be greater than five (as recommended by the National
Lighting Code India), which may result in glare and solar heat
gain. From Figure 14, it may be observed that for the window
having a 1.5m sill height with a window wall ratio of 30%,
optimum daylight is achieved with an illumination range of
150 to 400 lux.
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90
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m Sill 1.5m, WWR - 40% m Sill 1.8m, WWR - 20%
Light shelf WWR- 40%
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m Sill 1.5m, WWR - 20%
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Fig. 12 Uniform daylight illuminance
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WWR | 17% | 20% | 30% | 40% | 20% | 30% | 40% | 20% | 30% | 40% | 20% | 30% 40% 40%
SDA 0 74.1 96 100 | 62.4 | 100 | 100 | 81.4 | 100 | 100 | 81.2 | 99.9 100 90.5
ASE | 944 ] 98.3 91 925 197.2 | 91.7 | 849 | 98.6 | 99.7 | 93.6 | 99.5 | 98.6 91.9 97.3
uDI 0% | 100 | 99.4% | 99 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 99.5 100

5. Conclusion

In conclusion, this research highlights how important
daylighting is to the design of educational buildings,
particularly for those located in tropical regions, by educating
more about what kind of design strategies could be used to
enhance daylighting in the interior space.

Narrowing down the observation and the analysis, it has
been observed in all the cases that a sill height of 1.5m and
WWR of optimum daylighting can be achieved even though
for residential buildings, as per the government norms, the
recommended sill height of 0.75m where work plan is not
taken in to account but for an institutional space where 0.8m
is the work plane light from the window accounts for the
lighting where institution have larger volume floor plate, it is
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observed from the piolet study that 30% of WWR and 1.5m of
sill height the three metrics SDA, UDI, ASE. In the case of
40% of WWR with the addition of clerestory UDI and SDA,
it has been achieved but fails with ASE, which analyses glare
and overheating. Thus, the study highlights the importance of
balancing design elements to optimize daylight performance
in educational spaces. Increasing the WWR leads to better
performance across all daylight metrics, including daylight
illuminance and spatial daylight autonomy, resulting in energy
savings and improved indoor environmental quality.

The research's conclusion also provides a glimpse to the
architects and designers with helpful guidance, adding that in
higher education buildings located in tropical climates,
daylighting solutions may be carefully included in the
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architectural design process to improve sustainability, energy External factors such as trees and abutting buildings are
efficiency, and occupant well-being. Future studies should not considered for the study. The metrics pertaining to
examine how these daylighting techniques affect students' illumination for a work plane at 0.8m from the finished floor

academic performance and well-being over the long run, as level alone have been taken for study. Other factors, such as
well as the financial advantages they provide in the form of ~ glare, uniform lighting, and daylight factor, were not

lower operating expenses and energy savings. considered in the study.
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