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ABSTRACT

One of the fundamental criteria architects consider when designing schools, colleges, or educational
buildings is the daylight in the classrooms. It is desirable to provide more usable daylight in buildings, not
only to conserve energy, but also to improve the performance and productivity of the occupants. Daylight
systems can reduce the artificial lighting requirements of a building while achieving appropriate
illumination levels inside the space. In this study, classroom models were designed as per Indian Standard:
8827-1978, considering the room size in the ratio 1:1.5, a window on one side of the wall with an opening
equal to 20% of the floor area, and a work desk at 0.80 m above the floor level. The study was conducted to
investigate the illumination performance in the composite climatic zone of Central India using a computer
simulation tool for various combinations, such as window opening, shading devices, months, and timings.
The design sky illumination was set at 12,000 lux under an overcast sky condition. The simulation results
exhibited that the shading devices are very effective in restricting the excessive illumination levels in
accordance with Indian Standard: 8827-1978. Shading for the south-facing windows reduced the
illumination levels from 708 lux to 392 lux in April and from 5873 lux to 3645 lux in December, preventing
the glare and overheating. Shading for the north-facing windows provided 310 to 351 lux in April and
August, making them perfect for a classroom under daylight. These results highlight the importance of
orientation-specific shading strategies for classrooms, which are relevant in the composite climate of
Central India.
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I.  INTRODUCTION

Daylight reaching the Earth from the Sun, both directly and
indirectly, varies with the time of day, season, and weather
conditions [1]. Daylighting is defined as the process of bringing
natural light into and around a building [2-4]. It improves the
comfort and health of occupants living or working in such
spaces [5, 6]. Daylighting in schools has gained significant
attention because of its benefits for the occupants. It has been
found that daylight increases the student academic performance
[7, 8]. Exposure to natural light has been shown to reduce
fatigue and stress among students and academic staff [9]. The
introduction of daylighting makes schools and other learning
spaces more sustainable, while also improving the health of the
students and staff. [7, 10].

The exposure to natural sunlight can enhance students'
cognitive function, improve concentration, and reduce
absenteeism [11]. A well-designed daylighting system can
function with minimal artificial lighting, enhance the
appearance of classrooms, and significantly improve learning
[12, 13]. Daylighting in classrooms should be planned by
considering several factors at an early stage of the project.
These factors include the site location, climate, orientation, and
the functional requirements of the building [14]. In addition, it
entails making decisions concerning the arrangement of
window openings, shading systems, glazing materials, and
artificial lighting systems [15]. Furthermore, it is important to
maximize the amount of natural light entering the space while
avoiding glare and heat gain.
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Before creating learning spaces, it is essential to ensure the
appropriate lighting conditions to support quality learning, even
under inefficient daylight. This could be a complex challenge
in certain geographical locations, especially where
environmental factors further complicate the design of the
daylighting system. Regions with composite climates have
inconsistent weather throughout the year, making it difficult to
fully utilize daylight [16]. The National Building Code of India
2016 categorizes five climatic zones: hot-dry, warm-humid,
temperate, cold, and composite. A composite zone is a climate
zone without a season for more than six months. The composite
climate combines the features of hot-and-dry, warm-and-
humid, and cold climates. The solar radiation intensity is
constantly high throughout the year in a tropical composite
climate.

Daylighting is a complex process, and several research
organizations have developed computer simulation tools to
study it [17-20]. The simulation tools help optimize parameters,
such as building orientation, window size, glazing type, and
daylight distribution to reduce the glare and heat gain [21, 22].
Simulations provide quantitative information to support
evidence-based design decisions, making them an important
tool in educational research and practical application [23]. With
the help of simulation tools, designers can create lecture halls
and classrooms that maximize the daylight and therefore,
enhance the comfort and productivity of the students [24].

Radiance and DIALux programs can be used by researchers
and designers to predict the daylight distribution, quantify the
Daylight Factors (DF), and study the effects of different
designs for buildings [25]. In addition, the interactive
simulation tools provide an accurate understanding of how
natural light interacts in classroom layouts at different times of
the day and year for recognizing potential glare problems and
insufficient light. These simulation tools help designers make
informed decisions regarding the window placement, shading
devices, and surface treatments to optimize the levels of natural
lighting in educational spaces [25]. Indian Standard 7942-1976
[26] provides specific guidelines for the lighting conditions in
school buildings, with a special focus on classrooms. It
identifies the critical role lighting plays in a student’s focus,
visual interest, and overall academic performance.

Daylighting has been extensively studied across different
climatic regions; however, simulation-based evaluations of
classrooms in the composite climate of Central India remain
relatively underexplored. The present study seeks to address
this gap by employing detailed time-based simulations to
examine orientation-specific shading strategies. The analysis
was conducted on a standard classroom model developed in
accordance with IS: 8827-1978, specifically designed for
composite climatic conditions. The objectives of this research
are twofold: (a) to identify and assess design strategies—such
as building orientation, window configuration, and shading
devices—that optimize the daylight availability while ensuring
visual comfort, and (b) to evaluate the applicability of
simulation tools in assessing the daylighting performance in
classroom environments.

II. METHODOLOGY

A. Configurations of Window

The study was conducted in a classroom of size 6.0 m x 9.0
m, with a breadth-to-length ratio not exceeding 1:1.5. The
window opening was 20% of the total floor area, located on
one side of the classroom, as per IS 8827-1978. The classroom
area is 54.00 m? with openings of 12.00 m? with four
windows, each measuring 2.0 m x 1.5 m. The work desk was
placed 0.8 m above floor level, with a 0.6 m wide shading
device. Figures 1, 2, and 3 illustrate the floor plans of Room
No. 1 and Room No. 2, and the sectional view of Room No.1,
respectively.
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Fig. 1. Plan of Room No.1 with a north-oriented opening.
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Fig. 2. Plan of Room No.2 with a south-oriented opening.
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CLASS ROOM WORK PLANE
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Fig. 3.

Sectional view of Room No.1.

B. Simulation Setup and Parameters

The simulation was set up for Nagpur, Maharashtra, India
(composite climatic zone of Central India), with latitudes 21°
08' 17.3" N and longitudes 79° 04' 14.3" E. As the study
primarily focuses on the orientation and shading-specific
strategies under Central Indian conditions, the design sky
illumination was set at 12,000 lux under an overcast sky,
representing a typical Central Indian climatic condition.
DIALux evo 4.30 was the primary simulation tool used in this
study, with standard default reflectance values (commonly used
for classroom design) as follows: ceiling: 80%, walls: 55%
(light-colored surface), and floor: 20%.

A typical classroom was modeled and analyzed under
various parameters, including location and climatic conditions,
model geometry and window orientation (North and South), as
well as time and seasonal parameters. The classrooms with
north-facing windows receive relatively even daylight and
diffuse it with a minimum glare and solar heat gain, and are
visually comfortable throughout the day. However, south-
facing windows are preferred in classrooms due to the reduced
solar radiation when combined with fixed or dynamic shading
devices, specifically in a passive design. The study evaluated
two shading strategies: classrooms with shading devices and
classrooms without shading devices. The shading devices used
in the simulation had a fixed overhang of 0.6 m depth. In
Central India, August corresponds to the monsoon season,
characterized by heavy clouds, diffused daylight, and high
humidity, while December represents the winter season, with
low solar altitude and cooler temperatures, and April represents
the summer season, with high solar intensity and heat gain
concerns. Together, these months effectively capture the
extremes and variability of the daylight conditions of the study
area. Simulations were conducted at three times of day: 9:00,
12:00, and 16:00.

II.  SIMULATION

A. Analysis for North-Facing Window

Figures 4, 5, and 6 depict the effect of the shading devices
on the north facade during April, August, and December,
respectively. Windows on the north side of the classroom
provide the maximum natural daylight but also cause a
significant heat gain in April. In the monsoon season, schools
are in session during the month of August, while they are also
in session in December, during the winter season.

g Window Orientation on the north facade in April
= With Shading devices Without Shading devices
- o & e ey |
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Max Min Avg. Max Min Avg.
992 lux 74.1 lux 348 1lux | 1541 1ux | 167 lux 471 lux
=)
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Max Min Ave. | Max Min Ave.
873 lux 62.81lux | 3101ux | 1443 lux | 164 lux 429 lux
=)
S
<
Max Min Avg. Max Min Avg.
914 lux 80.7 Iux 3321ux | 1311 1ux | 151 1ux 435 lux
Fig. 4. Analysis of illumination levels on north-facing window openings,

with and without shading devices, during April at 9:00, 12:00, and 16:00.

g Window Orientation on the north facade in August
= With Shading devices Without Shading devices
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Fig. 5. Analysis of illumination levels on north-facing window openings,

with and without shading devices, during August at 9:00, 12:00, and 16:00.
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“E’ Window Orientation on the north facade in December
= With Shading devices Without Shading devices
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Max Min Ave. Max Min Ave. Flg 7. Analysis O:f illumi}lation lffvels on south-facing window openings,
589 lux 67.1 lux 263 lux | 823 lux 148 lux 331 lux with and without shading devices, during April at 9:00, 12:00, and 16:00.
“E’ Window Orientation on the south facade in August
= With Shading devices Without Shading devices
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Fig. 6. Analysis of illumination levels on north-facing window openings, - -
with and without shading devices, during December at 9:00, 12:00, and 16:00. Max Min Avg. Max Min Avg.
1292 lux | 72.11ux | 3891lux [ 46121ux | 170 lux 682 lux
B. Analysis for South-Facing Window ¥
Figures 7, 8, and 9 portray the effect of the shading devices
on the south facade during April, August, and December,
respectively. April has the maximum solar radiation when g
school is in session. =
“E’ Window Orientation on the south facade in April Max Min Avg. Max Min Avg.
= With Shading devices Without Shading devices 858 lux 73.61lux | 3161ux | 1239 1Iux | 113 Iux 412 lux
Fig. 8. Analysis of illumination levels on south-facing window openings,
with and without shading devices, during August at 9:00, 12:00, and 16:00.
- IV. RESULTS AND DISCUSSION
<
o A. Results of lllumination Analysis for North-Facing
[y ey =y Windows
Max Min Ave, Max Min Ave. North-facing windows were analy;ed for April (summe.r),
1197 lux | 83.41ux | 3901ux | 1899 lux | 1621ux | 541 lux August (monsoon), and December (winter). In Central India,
—_— — these orientations provide a uniform daylight, requiring some
form of shading to reduce the glare and heat gain. During the
month of April, the average levels of illumination with shading
- were 348 lux (9:00), 310 lux (12:00), and 332 lux (16:00),
g which are within the IS: 8827-1978 specified range of 300-500
- lux. Without shading, the Illumination levels reached from 471
lux to 435 lux, indicating a possibility of glare. In August,
shading maintained the illumination levels within the optimum
1304 lux | 72.6 lux | 392 lux | 12054 lux | 1711ux | 708lux | Tange (310-351 lux). However, without shading, the

illumination levels reached a maximum of 475 lux. In
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December, with shading, the illumination fell short of the
minimum standard (159-285 lux); however, shading in this
case helped avoid the excessive illumination without shading
(331-360 lux). Fixed shading works better in the summer and
monsoon seasons; however, adjustable shading is advisable for
winter to compensate for lower light levels.

g Window Orientation on the south facade in December
= With Shading devices Without Shading devices
o Room 2 Room 2
S
XN e
; ———
Max Min Avg. Max Min Avg.
26713 Tux | 297 lux | 27451ux | 27699 lux | 370 1lux | 3765 lux
o Room 2 Room 2
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5945 lux | 109 lux 904 lux 6302 lux | 1251ux | 1084 lux
Fig. 9. Analysis of illumination levels on south-facing window openings,

with and without shading devices, during December at 9:00, 12:00, and 16:00.

B. Results of lllumination Analysis for South-Facing Windows

During April, August, and December, the south-facing
windows were subjected to significant solar radiation, requiring
effective shading measures. The simulation results indicate that
in April, shading maintained the illumination levels within the
IS: 8827-1978 standards—390 lux at 9:00, 392 Iux at 12:00,
and 309 lux at 16:00. In contrast, the absence of shading led to
an excessive level of 708 lux at noon, resulting in visual
discomfort and glare. In August, the shaded conditions ensured
values within acceptable limits, ranging from 386 to 316 lux,
whereas without shading conditions, a peak of 682 lux was
produced. December presented a more critical scenario: even
with shading, the noon levels reached 3645 lux compared to
5873 lux without shading, with the morning and afternoon
values also exceeding the proposed limits. These findings
emphasize the need for adaptable shading solutions, where
advanced louver systems may provide effective seasonal
regulation without compromising the daylight quality or
occupant comfort.

This study offers quantitative evidence of the interaction
between orientation, shading strategies, and seasonal daylight
performance, derived using DIALux evo simulations. The
results demonstrate that both fixed and dynamic shading on
north- and south-facing facades contribute significantly to
enhancing the visual comfort while maintaining compliance
with IS: 8827-1978.

V. CONCLUSION

The current study demonstrates that shading devices play a
critical role in regulating the daylight in classrooms in
composite climates. Fixed shading proved adequate for north-
facing windows, consistently maintaining illuminance within
the IS: 8827-1978 range, while south-facing windows required
dynamic systems to mitigate the excessive solar gain and glare.
Orientation-specific solutions—fixed devices for the north and
adjustable louvers for the south—are, therefore, essential for
achieving visual comfort and energy efficiency. Furthermore,
the study contributes a replicable simulation-based
methodology that can be applied to classroom designs in
composite climatic regions across India, establishing its
relevance as a reference framework for future educational
building design.
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