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Abstract: In India, there are around 14.6 million registered students in higher education. Over the past 
years in India, the compounded annual growth rate (CAGR) has been observed 11% while student 
enrolment CAGR was 6%. In the higher education institutes, design of lecture halls plays a significant 
role. Daylighting is one of the critical aspects of designing a lecture hall because, in visually demanding 
activities, good daylight conditions are of utmost importance for the students. This study aims to assess 
the daylighting performance of lecture halls, including glare problems, lighting levels, and to minimise 
the energy consumption of artificial lighting by using occupancy sensors, photosensors and dimming 
control strategies. For this study, six lecture halls have been selected at NIT Trichy. The assessment 
approach has been based on software simulations using dynamic daylighting metrics such as useful 
daylight illuminance (UDI), daylight autonomy (DA), spatial daylight autonomy (sDA) and daylight glare 
probability (DGP). Simulation results show that the lecture halls lack daylight in the middle areas. No 
glare has been observed in any lecture hall. Dimming control strategy helps in energy savings and 
reduces the artificial lighting consumption up to 61.86% on average. 
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1. Introduction 

From the past many years, daylighting is considered as an essential factor in the design of educational 
buildings. Many studies (Bellia et al. 2013; Ihm et al. 2009; Korsavi et al. 2016; Zhang et al. 2017; 
Bhandari and Sundaram 2019; Piderit et al. 2011) highlight the positive effect of natural lighting in the 
making of a pleasant environment, increase in performance, human health as well as, the provision of 
energy-saving measures have been well recognised over the years; Therefore, utilisation of natural 
lighting is an essential factor for energy savings and visual comfort. 

Jovanovic et al. (2014) have pointed out that good daylight conditions are essential for the students 
and users involved in visual demanding activities. This research also showed that the students in 
windowless classrooms are unsociable, indecisive, uncoordinated and less focused. To improve the 
health, satisfaction, and productivity of the students, it is crucial to pay attention to daylighting in 
design.  
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Nabil and Mardaljevic (2006) state that daylight is a greatly under-exploited natural resource, and 
exploitation of daylight can lead to energy savings by reducing the artificial lighting requirements of 
buildings. Pellegrino et al. (2015) concluded that some criteria, such as the direct sunlight exposure, 
view from the windows,existence of glare sources, the daylight distribution and availability must be 
considered to achieve energy efficiency and visual comfort by minimizing the use of artificial lighting.  

For all the reasons mentioned above, the importance of daylighting as an important design 
parameter in educational buildings premises is widely recognised. Thus, the primary objective of this 
paper is to evaluate the daylighting performance of lecture halls and find out the solutions to minimize 
the energy consumption of artificial lighting by using photosensors, occupancy sensors and dimming 
control strategy. The findings of this study are also expected to answer the following questions: 

 What lacks in the daylighting performance of the existing building? 
 What will be the effect of dimming control strategy on the energy consumption due to artificial 

lighting? 

2. Methodology 

2.1. Building description 

A lecture hall building at NIT Trichy was chosen for this study. This lecture hall building has two wings 
with 36 lecture halls distributed on three floors with the total built-up area of 4885 sq.mt. This building 
has a variety of lecture halls with different orientations and the same window to wall ratio (WWR). For 
this study, lecture hall F2, F4, F6, F7, F9 and F11 have been selected on the first floor with different 
orientations as shown in Figure 1.  
Table 1 shows the typical area details of a lecture hall studied. The WWR is 40% for the lecture hall, and 
one lecture hall can accommodate 120 students at a time. 

 

Figure 1 Lecture hall building at NIT Trichy (Source: Author) 

 

Table 1 Surface areas for a typical lecture hall studied 

Surface Area (m2) 

Floor 170 

Ceiling 170 

Walls 178 

Windows 23.4 

Ventilators 12.5 
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2.2. The simulation-based approach of daylighting analysis 

2.2.1 Modeling 

Autodesk Revit 2016, Rhinoceros 5.0 and DIVA 4.0 have been used for 3D modelling and daylighting 
analysis. Autodesk Revit 2016 and Rhinoceros 2016 have been used as modelling and visualisation tools. 
DIVA 4.0 has been selected to perform the daylighting simulations. A grid of sensors (0.5 X 0.5 meter) 
has been arrayed in the lecture halls at the height of 1.05 meter (average height of the working plane in 
the stepped lecture hall) from the finish floor level. The Trichy (warm-humid climate) weather data has 
been taken from energy plus and given as an input to perform annual daylighting simulations. 

2.2.2 Simulation details 

Two sets of simulations (with/without photosensors controlled dimming) have been done for all the 
lecture halls for all occupied hours according to the institute schedule.  Table 2 and Table 3 show the 
simulation inputs and radiance rendering parameters, respectively.  
Table 4 shows the types of simulations and their outputs.   

 

Table 2 Simulation inputs 

Parameter Value 

Target Illuminance 300 lux (National Building Code 2016) 

Artificial Lighting Operation Dimming with occupancy on/off sensor 

Lighting Setpoint 300 lux (National Building Code 2016) 

 

Table 3 Radiance parameters 

-ab -ad -as -ar -aa 

5 512 256 128 0.15 

 

Table 4 Simulation types & Simulation outputs 

Simulation Type Simulation Output 

Point-in-time Glare DGP: The comfort assessment which considers the 
overall brightness of the view, the location of glare 
sources and visual contrast value for a given time and 
perspective view. 

Daylight Autonomy (DA) Percentage of annual occupied hours above the 
illumination level of 300 lux. 

Useful Daylight Illuminance (UDI) Illuminance range for percentage annual occupied 
hours that fall within the range of 0-3000 lux 

Spatial Daylight Autonomy (sDA) Percentage floor area which receives 300 lux for at 
least 50 % of annual occupied hours. 
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Table 5 shows the material properties for the daylighting simulations. Figure 2 shows the occupancy 
schedule and artificial lighting schedule to calculate the electrical lighting load through simulations. To 
calculate the maximum possible electrical lighting load for the existing condition, all the light fixtures 
have been considered as switched on with occupancy.  Energy savings have been calculated with respect 
to the maximum possible artificial lighting load. Photosensors and occupancy sensors have been used as 
an energy-saving measure to reduce the artificial lighting consumption. Two photosensors have been 
installed at every luminaire. In total, 36 photosensors (Figure 3(a)) have been installed at the ceiling 
level (4.2 metre) for 18 luminaires (Figure 3(a)) in each lecture hall. Each luminaire consists of two 
fluorescent tubes (T5-28 Watt). 

 

Table 5 Material properties 

Surface Reflectance/Visible Light Transmittance 

Ventilator Glazing Transmittance 0.89 (wbdg.org) 

Window Glazing Transmittance 0.37 (Saint Gobain glass ST136) 

Façade Glazing Transmittance 0.37 (Saint Gobain glass ST136) 

Old Ceiling Reflectance 0.5 (IES Lighting Handbook) 

Old White Wall Reflectance 0.55 (IES Lighting Handbook) 

Cement Floor Reflectance 0.1 (NBC 2016) 

Outside Ground Reflectance 0.2 (CIBSE Guide) 

Door Reflectance 0.5 (ECBC 2017) 

NBC: National Building Code 2016, India 

wbdg.org: Whole Building Design Guide 

IES: Illuminating Engineering Society 

CIBSE: Charted Institution of Building Services Engineers 

ECBC: Energy Conservation Building Code 

 

 

Figure 2 Occupancy schedule & Artificial lighting schedule 

 

2.2.3 Analysis approach 

Annual DA, UDI and sDA simulations have been done to analyze the daylighting performance of the 
building. For glare identification, Point-in-time glare simulations have been done for the critical days, i.e. 
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summer solstice (21st June), winter solstice (21st December) and Equinox (21st March). Daylight glare 
probability (DGP) values have been calculated for every two hour interval from morning to evening 
(08:00 am, 10:00 am, 12:00 pm, 02:00 pm, and 04:00 pm). Two critical viewpoints have been identified 
at the last row looking towards the blackboard to simulate the glare. 

 Figure 3(b) shows the typical details of a lecture hall, camera locations (Viewpoint 1 & Viewpoint 2) 
and the human eye visual field (160° - Indian standard SP 41: 1987) for point-in-time glare simulation. 
For analyzing the simulation results, the lecture hall has been divided into grids at the distance of every 
0.5 meters, as shown in Figure 3(b). The values of DA and UDI have been calculated on 30 points on each 
grid, showing in Figure 3(b). The average values of DA and UDI on the grid generate the profile of 
daylighting distribution in the lecture halls. 

 

 

Figure 3 (a) Location of photosensors & luminaires; (b) Typical details of a lecture hall (Source: Author) 

 

3. Results & Discussion 

This paper presents a methodology to analyze the daylighting performance of lecture halls through 
software simulations and shows the role of daylighting in educational buildings in achieving energy 
efficiency. The daylighting simulation results of lecture halls are presented below. 

 Overall, the study results prove that the available daylight could be better used, and energy 
consumption could be reduced substantially by using dimming control strategy. 

Table 6 shows the average values of the simulation results for the various parameters studied. Based 
on the analysis of results, lecture hall F7 shows the highest DA, UDI300-3000 and sDA. At the same time, 
lecture hall F4 shows the lowest DA and UDI300-3000 and sDA. The results demonstrate that the quantity of  
daylight above a threshold level of 300 lux is highest in lecture hall F7 and lowest in lecture hall F4. 
Lecture halls F7 and F4 are oriented in the same directions (NW and SE) but still showing a difference in 
daylighting performance because the building profile is obstructing daylighting penetration from the 
south in case of lecture hall F4. The results show the influence of site surroundings and building profile 
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on the daylighting performance of spaces. The average UDI100-300 is falling in the range of 45-55 %. It 
shows that the illumination levels are falling in the range of 100-300 lux for 45-55% of occupied hours 
for all the lecture halls. The results of DA and UDI300-3000 show almost the same values for all the lecture 
halls.  

To achieve energy efficiency, the dimming control strategy with photosensors and occupancy 
sensors have been used and compared with the existing condition. Results show that the lecture hall F2 
is saving up to 71% of energy with respect to the existing artificial lighting load consumption and 
performing best in terms of energy savings. Lecture hall F6 shows the least performance among the 
selected lecture halls for this study with an energy saving of 47.31%. Overall, the study results prove 
that the available daylight could be better used, and energy consumption could be reduced substantially 
by using dimming control strategy. 

Table 6 Average simulated values of DA, UDI<100, UDI100-300, UDI300-3000, UDI>3000, Artificial Lighting 
Consumption & Energy Savings 

 
Lecture 
Hall No. 

 

Avg. DA 
(%) 

Avg. 
sDA 
(%) 

Avg. 
UDI<100 

(%) 

Avg. 
UDI100-300 

(%) 

Avg. 
UDI300-3000 

(%) 

Avg. 
UDI>3000 

(%) 

Artificial lighting consumption 
(kwh) 

Existing 
(simulated) 

With 
Dimming 
Control 

Energy 
savings 

% 

F2 34.20 40 13.14* 53.74 34.14 0.06 1792.7  517* 71.16** 
F4 27.48* 20* 21.81 50.71 26.92* 0.56 1792.7 671.1 62.56 
F6 33.93 29 20.48 45.58 32.80 1.14 1792.7 944.4** 47.31* 
F7 36.54** 41** 14.72 48.74 35.94** 0.60 1792.7 608.3 66.06 
F9 31.85 25 23.24** 44.91* 30.71 1.15** 1792.7 832.1 53.58 

F11 29.09 30 15.37 55.54** 29.04 0.05* 1792.7 529.5 70.46 
**Maximum value, *Minimum value 
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Figure 4 Daylight Autonomy Profile for lecture halls F2, F4, F6, F7, F9, F11 

Figure 4 shows the profile of DA with respect to the distance from the windows. The results show 
that all the lecture halls lack daylight in the middle areas. The DA values are quite high near the windows 
with respect to the other part of the lecture halls. In most of the lecture halls, DA is observed to be less 
than 30% beyond 3m distance from the windows. Lecture hall F7 registers higher DA in the middle areas 
when compared to other lecture halls.  

 

 

Figure 5 UDI>100 lux profile for lecture halls F2, F4, F6, F7, F9, F11 

 

Figure 5 represents the profile of UDI>100 lux with respect to the distance from windows. Based on 
the useful daylight illuminance (UDI) results, most of the lecture halls receive an illumination level of less 
than 100 lux in the middle areas for at least 20-30 % of occupied hours. The UDI>100 lux values are lowest 
near the windows in all the lecture halls, which shows the availability of higher illuminance levels near 
the windows. Lecture halls of the same orientation (F2 & F11, F4 & F7, F6 & F9) show the similar profile 
of UDI>100 lux. Lecture hall F9 shows the highest average value and lecture hall F2 shows the least 
average value of UDI>100 lux as mentioned in Table 6. 

Figure 6 shows the daylight distribution of illuminance range between 100-300 lux with respect to 
the distance from the windows. Based on the result analysis, all lecture halls show the illuminance levels 
between 100 and 300 lux for a significant part of the annual occupied hours. Results show that during 45 
to 55% (Table 6) of the annual occupied hours, the lecture halls receive the illuminance levels of 100-
300. This indicates insufficient illuminance levels all around the year. Lecture hall F11 shows the highest 
average value and lecture hall F9 shows the lowest average value of UDI100-300 lux, as mentioned in Table 
6.  Lecture hall F11 receives the illuminance levels between 100 and 300 lux for 55% of the occupied 
hours and clearly shows the lack of daylight. 
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Figure 6 UDI100-300 lux profile for lecture halls F2, F4, F6, F7, F9, F11 

 

 

Figure 7 UDI300-3000 lux profile for lecture halls F2, F4, F6, F7, F9, F11 

 

Figure 7 represents the profile of UDI300-3000 lux with respect to the distance from the windows. 
Lecture hall F7  shows the highest average value and lecture hall F4 shows the lowest average value of 
UDI300-3000, as mentioned in Table 6 and clearly shows the direct relation with the DA results. Results of 
UDI300-3000 lux show the lack of illuminance levels in the middle area of the lecture halls. 

In order to assess the discomfort glare condition for the lecture halls, point-in-time DGP simulations 
have been done for critical days, as mentioned in section 2.2.3. In total, 180 point-in-time DGP 
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simulations have been done to analyze the glare.  Table 7shows the range of DGP values with the 
respective type of glare. The results of DGP simulations are presented in Figure 8Error! Reference 
source not found.. The box plot shows that the DGP values are less than 30% for all the lecture halls for 
both the camera positions. It clearly shows that no glare has been observed at any point of time for any 
lecture hall. The mean DGP value is observed to be less than 10% in all the cases. The highest DGP value 
(29%) is observed for the lecture hall F9 at VP1 (Viewpoint 1).  

Table 7 DGP Range (Source: DIVA 4.0) 

DGP Value Type of Glare 

DGP<35% Imperceptible glare 

40% > DGP ≥ 35% Perceptible glare 

45% > DGP ≥ 40% Disturbing glare 

DGP > 45% Intolerable Glare 

 

 

Figure 8 Point-in-time DGP simulation results 

 

4. Conclusion 

Daylighting is a crucial design parameter for architects. Good daylighting promotes a pleasant and 
healthy environment and increases productivity of the students. Natural lighting also helps in the 
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reduction of artificial lighting energy consumption. The current study evaluates the daylighting 
performance of lecture halls at NIT Trichy by using a simulation-based approach. The investigation of 
daylighting performance through computer simulations forms a comprehensive approach to the study, 
which leads to an assessment process that assures the reliability and accuracy of the investigation 
results. The assessment of daylighting performance of lecture halls leads to valuable and significant 
conclusions in terms of the daylighting quantity, energy savings and glare prediction. More specifically: 

 Most of the lecture halls lack daylight in the middle areas throughout the year. 
 High illuminance values are observed near the windows. 
 Most of the lecture halls receive the illuminance level of less than 300 lux beyond 3 m distance 

from the windows.  
 Based on the average values of DA, UDI300-3000 and sDA, it is concluded that the lecture hall F7 is 

performing best and lecture hall F4 is performing least among the lecture halls selected for this 
study. 

 Dimming control strategy shows an average savings of 61.86% in artificial lighting consumption. 
 Based on the results of the dimming control strategy, lecture hall F2 performs best in terms of 

energy savings and saves up to 72% of energy with respect to the existing artificial lighting load. 
 All the lecture halls have been registered the DGP value of less than 30% (Perceptible glare) 

which does not cause any glare. 
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