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ABSTRACT 
This study aims to improve daylight utilization and the use of natural light in educational buildings. This would have a positive 
environmental impact by reducing artificial lighting usage and energy consumption, consequently reducing the negative 
environmental impact. Recently, several passive technologies have been adopted to enhance daylight utilization; however, the 
published studies on using these technologies are still limited, especially in higher education buildings. Furthermore, all of the 
previous work investigated the impact of each technology individually and according to the general design standards illuminance 
values of 300 lux and 500 lux. This study aims to fill this gap by integrating the best performance of each practice and evaluating it 
according to the higher education buildings’ lighting design specific standards. By adopting the observation and field 
measurements, daylight data was collected to explore the luminance performance of an existing design studio in the University of 
Sharjah, UAE. In parallel, the simulation software Integrated Environmental Solutions -Virtual Environment (IESVE) was used to 
validate the existing measurements, and evaluate the suggested scenarios of passive practices for enhancing daylighting 
performance. The results show that by integrating two of passive strategies; the light ducts and light shelves, daylighting 
performance has improved by 9.49 % and 14.23 % compared to the existing case in winter and summer, respectively. The existing 
case glare showed a mild glare issue; however, using the best performance scenarios reduced the glare, redistributed the daylight, 
and improved the daylighting quality in the classroom. Furthermore, the uniformity ratio and daylight distribution of this scenario 
have been significantly improved by 53% compared to the base existing case. 
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1. INTRODUCTION 
Sufficient and well distributed daylighting in an indoor space is 
essential for a comfortable visual environment which is positively 
reflected on general human well-being. Exposure to natural light 

and the daylight utilization in indoor environment has a positive 
impact on both occupants’ health and productivity, in addition to 
the benefits of reducing the total energy consumption and negative 
environmental impact [1-4]. However, the importance of daylight 
utilization is more effective in educational buildings, where the 
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need for a comfortable visual environment is a part of buildings’ 
functional performance. In educational buildings, lighting design, 
illuminance and daylight use have a massive impact on the 
educational process and student comprehension, health, and 
performance [5-7]. On the other side, the glare problem, visual 
discomfort, and intense solar and heat gain are some of the 
problems that result from excessive access to daylight [8-10]. Other 
than that, and from environmental and economic aspects, previous 
studies addressed the importance of daylight utilization in 
reducing the total energy consumption of educational buildings 
and how it is essential to increase the depends on daylighting in 
response to the three sustainability pillars: economic, 
environmental, and social. Generally, the sustainable daylighting 
design is one of the Indoor Environmental Quality (IEQ) four 
parameters [11,12].  

 Given the importance of lighting factor and daylighting 
performance within the classrooms’ design, this research 
investigates the role of passive strategies in enhancing daylight 
utilization in educational buildings. The research will concentrate 
on higher education buildings due to the long hours that students 
spend in these buildings, and the different learning activities the 
classrooms are used for. This research aims to investigate the 
impact of adopting passive practices that can maximize daylight 
utilization, reduce the dependence on artificial lighting, and 
enhance visual comfort in higher education buildings.  

The following objectives are indicated for reaching the research 
aim:  
1. Identify the most used practices and technical passive strategies 

for increasing daylight utilization.  
2. Collect daylighting data and evaluate the daylight performance 

of a higher education building as an existing base case.  
3. Investigate the potential of enhancing the existing case 

daylighting performance by comparing it to a hypothetical 
scenario of passive lighting strategies.  

4. Discuss and analyse the daylighting performance and results 
according to the higher education buildings’ specific lighting 
design standards.  

5. Suggest a final recommended scenario by integrating the best 
performance from implementing and investigating the passive 
lighting strategies. 

 

1.1. Lighting design in educational buildings 
Higher education students spend a considerable amount of their 
time in educational buildings and facilities. Hence, the Indoor 
Environmental Quality (IEQ) of educational buildings, specifically 
the classrooms, design studios, and laboratories, have a significant 
impact on the student’s comfort, well-being, productivity, and 
general academic performance [12,13]. Among the four indoor 
environmental quality parameters covering thermal comfort, 
indoor air quality, and acoustic comfort, visual comfort 
significantly and directly impacts the educational buildings’ 
function and performance. The type, color, amount, location, 
distribution, and quality of lighting are the main parameters that 
control lighting design; studies stated that lighting of different 
color affects blood pressure, pulse, respiration rates, and brain 
activity [14]. It has been proven that after food and water, the visual 
environment, including lighting design, is the most controlling 
factor that affects human bodily functions [15]. Apart from that, 
lighting design plays an important role in the visual environment 
of the learning space [16,17]. Lighting assessment and evaluation 
can be conducted by measuring the main lighting metrics; 
Illuminance, uniformity, and visual comfort. Illuminance 
measures the amount of light and presented by (lux/foot-candles). 
The uniformity reflects the level of how evenly light spreads in the 
space, and visual comfort is the subjective measure depends on the 
occupants’ feeling. Previous literature shows that there are three 
aspects of studies involving lighting design within educational 
buildings:1) direct research about Lighting Quality (LQ), 2) the 
lighting as a part of Indoor Environmental Quality (IEQ) and 
occupants’ comfort, and perception of lighting impact, and 3) the 
educational building category according to the students’ ages, 
rooms types and functions such as classrooms, design studios, 
libraries or labs. However, most of the studies addressed more than 
one of these aspects in the investigation. With respect to lighting 
quality LQ, the illuminance levels have an excessive impact on 
educational room activities like reading and writing. Generally, 
according to LG5 CIBSE/SLL Lighting Guide 5 lighting for education 
and the European Committee for Standardization, the illuminance 
levels for educational spaces should range between 300 lux – 500 
lux [18]. Also, to avoid glare, it is recommended that the 
illuminance on vertical and inclined daylight openings should not 
exceed 750 lux. Previous studies supported that and pointed out 
that visual comfort within seven classrooms strongly relates to the 
average illuminance measured values [16]. A study conducted to 
collect 427 university students’ opinions on types of lighting and 
fluorescent LED to find out their perception of visual comfort [13].   

NOMENCLATURE  
 
IES VE Integrated environmental Solutions -Virtual 

Environment  
IEQ Indoor Environmental Quality 
LQ Lighting Quality 
UOS University of Sharjah  
UDI Useful Daylight Illuminance  
ASHRAE American Society of Heating, Refrigerating and Air-

Conditioning Engineers 
BREEAM  Building Research Establishment Environmental 

Assessment Method 
HVAC  Heating, Ventilation, and Air Conditioning (HVAC)  
LEED Leadership in Energy and Environmental Design 
LD Light Dust 
LSH Light Shelf 
SE Standard Error  
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Another study conducted and explored the relationship between 
human perception of discomfort and glare levels with the increases 
in exposure time in classrooms [19]. Previous findings proved the 
strong relationship between building function, room use or 
activities, lighting design standards, and visual comfort. Table 1 
presents the most important and recent studies that investigate the 
lighting design in educational buildings, showing the investigation 
area and studied parameters, in addition to the methods followed 

by each study. It has been found that most of the studies that 
concentrated on lighting quality have been conducted in schools’ 
classrooms, and according to this category, illuminance levels and 
standards. For studying and enhancing (LQ), some of these studies 
adopted a passive strategy such as shading devices to explore and 
investigate their impact on (LQ); however, the most used passive 
technologies to improve daylight utilization and performance will 
be illustrated in the next section.   

Table 1. Lighting in educational buildings, study areas, assessment standards, and adopted methodologies as presented in previous works of literature.     

Studied area and 
Parameters 

Type of educational 
building/room 

Methodology for 
assessment 

Standards consideration 
500 lux-1000 lux 

LEED 

Reference 

LQ / defining twenty 
lighting parameters based 
on luminance and 
correlated colour 

School classrooms Experimental method of 
combining a subjective and 
questionnaire survey 

Not considered [20] 

IEQ/ measuring the 
illuminance value and glare 
impact 

 

University classrooms Subjective and objective 
evaluation 

Not considered [16] 

LQ/ horizontal and vertical 
illuminance, mean 
luminance of an entire 
scene 

 

Higher education building Subjective survey 
distribution 

Not considered [15] 

IEQ/studying the responses 
to direct lighting 
impressions and mood 
states 

Study rooms Subjective data collection, 
daylighting and artificial 
lighting comparison 

Not considered [21] 

LQ/ IEQ/ using shadings 
fitted to the window to 
enhanced daylight 
illumination of subtropical 
classrooms and minimize 
the lighting power costs 

 

Classrooms in subtropical 
area Taiwan 

Software simulation IES-
CPC model 

Not considered [22] 

IEQ/ IEQ/ Evaluating 
Daylighting Gains from 
Window Geometry 
Reconfiguration in a 
Classroom 

Six classrooms Observation, simulation 
software 

Not considered [23] 

IEQ/LQ Design Adjustments 
for Daylighting and Visual 
Comfort in a Classroom 
with Conventional Shadings 

Classroom Simulation Not considered [24] 

Lighting and discomfort in 
the classroom, 

Classroom simulation Not considered [25] 

LQ/ Lighting and 
discomfort in the classroom 

Schools and six education 
authorities 

Data collection, observation Not considered [25] 

IEQ/ Shading Devices to 
Mitigate overheating Risk 

University buildings, China Simulation software, case 
study 

Not considered [26] 

IEQ / Lighting and colour 
impact 

University students survey Survey for indoor visual 
comfort 

Not considered [27] 

LQ/ windows opening 
illuminance levels 

Six schools in Brazil Interview, data collection, 
observation 

Not considered [28] 

IEQ/ Comparative Analysis 
of Daylight and Visual 
Quality Across School Plan 
Typologies 

Classroom Honeybee plugin and 
Radiance engine in 
Rhinoceros software. 

Not considered [29] 
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1.2. Passive practices in daylighting design 
The criteria and parameters involved in lighting design and 
enhancing (LQ) have been presented in previous studies; architects 
use many passive design practices to maximize daylight use in 
buildings, specifically in educational buildings and classrooms. 

They adopted windows, skylights, clear doors, light tubes, mirrors, 
light shelves, and reflective surfaces to collect the direct light and 
transfer it to the key areas in the room [32,33]. Utilizing natural 
lighting starts as soon as the sun rises to maximize the benefit of 
the daylight hours. In addition to the direct light inflow, daylight 
utilization can be enhanced by using passive lighting strategies that 

IEQ/Design Adjustments for 
Daylighting and Visual 
Comfort in a Classroom 
with Conventional 
Shadings, Journal of 
Daylighting, 11:1 (2024 

Classroom Case study Not considered [30] 

IEQ/LQ/Daylighting metrics 
related to the subjective 
evaluation of students in a 
Chinese school. 

Classrooms in China Experimental Not considered [31] 

LQ/IEQ/Passive 
technologies, integrating 
light ducts and light shelves 

Higher education building, 
Design studio / UAE 

Field measurements, 
simulation software 

Standards consideration 
500 lux-1000 lux 

This Study Contribution 

 
Table 2. The most used passive practices for increasing daylight utilization presented in previous literature.  

Daylight Design Passive Practises References 

Light shelves / shading devices [33,38] 

Light tubes / light ducts / Light pipes [39,40,41] 

Windows/opening/ skylight [22,42] 
Reflective materials / Reflectors [43] 

  

 
 
Fig. 1. The bibliometric analysis and results visualization for the research main topic “Daylighting in educational buildings” (Scopus, RStudio, 2026).   
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can collect and reflect light throughout the building using some 
devices. The position and degree of the lighting source have a 
significant impact on it is performance. Generally, simple lighting 
source positions, like horizontal and vertical illuminance, are 
widely used. Horizontal and vertical illuminance have been widely 
proposed and presented in design handbooks [34]. For example, the 
location and size of the windows’ external and internal shading 
devices significantly impact the lighting and illuminance of the 
indoor environment.  

A study explored the impact of internal and external devices on 
lighting performance in six school classrooms in Greece and proved 
that these devices reduced the glare from 64.1% to 6.7% based on 
annual sunlight exposure range varied which is from 17.5% to 
64.1% [35]. The window glazing and shading devices for 
educational buildings in Malaysia have been studied by [36] , and 
the researchers evaluated the daylight performance of the 
southwest-oriented windows. The study concluded that modifying 
external shading devices and glazing types is mandatory to 
improve indoor daylight quantity and quality. Previous studies 
have highlighted the importance of building location and opening 
orientation in lighting design and the use of passive devices. To 
control direct sunlight and avoid glare, flexible internal shading 

devices such as blinds are important to be used in a proper position 
[37]. Table 2 summarizes the most used passive strategies for 
enhancing daylighting performance, as presented by previous 
literature.   

 
1.3. Bibliometric, critical analysis and the research 
gap 
Further to the general literature review on daylighting design in 
educational buildings which was conducted and presented in the 
previous sections, a critical review and bibliometric analysis were 
conducted in order to identify and validate the research gap. Using 
the research main topic keywords “Daylighting in educational 
buildings in Scopus database shows that 158 documents were 
published over the past 16 years. These articles cover all types of 
educational buildings during the period between 2010 and 2026.  

 The RStudio software was used for the results visualization and 
data analysis, Fig. 1 illustrates the annual production, co-
occurrence network and the related keywords. The co-occurrence 
network and the related keywords shows clearly that the school 
buildings are the most types of educational buildings that have 
been investigated with respect to daylighting performance.  

 
Fig. 2. The bibliometric analysis and results visualization for the research main topic “Daylighting in higher educational buildings” (Scopus, RStudio, 2026). 

 

 

 

 

https://dx.doi.org/10.15627/jd.2026.26


 S. Shareef et al. Journal of Daylighting / Volume 13, Issue 2 / 23 August 2026 468  

https://dx.doi.org/10.15627/jd.2026.26 

The higher education buildings, universities or colleges has not 
been appearing in the co-occurrence network and word cloud 
keywords.   

However, the results of the bibliometric analysis show that using 
“Daylighting in higher education buildings” as main research 
keywords in Scopus database shows that the annual publications on 
this topic between 2010 and 2026 is very limited, and reached the 
maximum number of 10 publications in 2025 (Fig. 2).   

Hence, the first gap noticed is the limitation in the published 
articles on daylighting performance in higher education buildings 
over the past 16 years. Furthermore, the Scopus data shows that 
there is no relation between the passive design technologies or 
devices and daylighting in higher education buildings, this finding 
indicates the second gap which is valuable to be filled. Table 3 
presents the most related words to the daylighting in higher 
education buildings, and the frequency of each word. The co-
occurrence network and word cloud illustrates that in spite of the 
high number of words related to topic keywords, but the weight of 
each one is very small. Furthermore, the thematic map shows that 
the topic has high research potential as it is within the “Emerging 
Themes" which shows a rapid growth in publications, and 
experiencing exponential growth in publications and citations (Fig. 
2).  

Using the main investigated passive strategies research word 
“Daylighting Passive Design Devices” in Scopus database 52 
documents on the topic were presented. Figure 3 illustrates the 
annual scientific production on the research topic during the past 
16 year, and the word cloud shows the strength of related keywords. 
It is clear that most of the studies addressed the office buildings, 
while the educational buildings have not been included in the 
related keywords. The results of the bibliometric analysis shows 
clearly that the publication on the passive daylighting design is still 
under development, and more research work is required to be done 
to explore the impact of passive daylighting design on educational 
buildings daylighting performance Table 4.  

Table 5 presents the recent and important studies on daylighting 
passive design in higher education buildings.  The recent studies 
adopted different types of methods, survey multi criteria decision 
making method, in addition to simulation software tools which has 
been identified as the most effective method for assessing the 
daylighting performance, and evaluate the enhancement that can 
be achieved by using the passive strategies. However, among the 
most interested publication, is the recent paper conducted an 
experimental work and found that a tubular daylight guidance 
system effectively transports natural sunlight into the building 
interiors [44].   

Table 3. The main keywords related to the research topic, and the frequency of each word (Scopus, RStudio, 2026).    

Keyword         Frequency 

Daylighting 16 

Educational buildings  9 

School buildings 6 

Students 5 

Higher education 4 

College buildings                              4 

Energy efficiency  3 

Visual comfort 2 

Natural lighting  2 

Daylighting simulation 2 

Architectural design  2 

Daylighting Strategies 1 

University classrooms  0  

  
Table 4. The keywords related to daylighting and passive design devices, and the frequency of each word (Scopus, RStudio, 2026).     

Keyword         Frequency 

Daylighting 32 

Architectural Design 12 

Shading Devices 10 

Passive Design 5 

Daylight Simulation 4 

Light Shelf 3 

Tubulars 2 

Tubular Daylighting Device 2 

Passive Design Strategies 2 

Building Orientation 1 
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Two configurations of daylight collector were analyzed; the 
performance were studied on 21st. June and 21st. December. The 
results indicated no compromise in the lighting levels for desired 
visual performance on 21st. June (Summer). The lighting 
performance of the proposed design was significantly enhanced on 
21st. December (winter) by 50%.   
 

1.4. Illuminance design and standard levels for higher 
education buildings 
In Spatial Daylight Design (SDD) criteria, the minimum lux 
standards indicate a critical area that has to be enhanced in 
daylighting for better daylight utilization and distribution; 

however, the maximum glare must also be considered as it should 
not exceed the acceptable levels of glare. As mentioned in the 
literature review section, the acceptable illuminance levels for 
general educational buildings are 300 lux; however, a higher level 
of 500 lux is recommended for higher education buildings. In 
higher education buildings and visual tasks classrooms such as 
design studios, as in this case, the recommended lighting levels 
range between 750 lux to 1000 lux [50,51]. Therefore, this study will 
examine the percentage of the area, specifically at the working 
plane level, that would meet the acceptable illuminance levels for 
higher education buildings; hence, the area less the specified 
illuminance of 500 lux is below a normally acceptable threshold 
area for sufficient daylight in the classroom.  

Table 5. The most important and recent daylighting passive design studies in higher education buildings.     

Article Title Year Reference  
 

Building Type Method Key 
Objectives 

 
Results and Contribution  

Lighting Impact 
on Architecture 
Student 
Experience in 
Higher Education 
Buildings in Egypt  

2024 [45] Drawing halls in 
the architectural 
department 

Fild Survey 
SPSS  

Investigating 
student 
satisfaction  

It recommends for the 
strategic integration of 
daylight in educational 
facilities to create 
environments that improve 
the learning environment. 

Multi-Objective 
Optimization of 
Natural Lighting 
Design in Reading 
Areas of Higher 
Education 
Libraries   

2025 [46] Library building  Analytic 
Hierarchy 
Process 
(AHP)  

Improving 
illuminance 
uniformity, 
enhancing 
visual 
comfort, and 
reducing 
lighting 
energy 
consumption 

The results showed that after 
optimization, lighting 
uniformity improved from 
less than 0.1 to 0.6–0.75, 
glare values (UGR) remained 
below 22, and daylight area 
coverage increased by 25%. 
Energy consumption was 
reduced by approximately 
20% 

Simulation of 
Window 
Parameters and 
Orientation on 
Teaching Building 
Lighting  

2025 [47] University 
teaching buildings 

Simulation  Glass type 
selection  

The results peeved that 
rational optimization of 
building orientation, glass 
type, and sill height can 
improve overall building 
daylighting performance. 
Glass selection has a greater 
impact on daylighting than 
orientation and sill height  

Variations in Wall 
Fenestrations for 
Institutional 
Buildings to 
Achieve Optimal 
Daylighting-A 
Simulation-Based 
Approach, Case of 
Chennai, India 

2024 [48] Academic studio Simulation Explores 
how to 
manipulate 
Window to 
Wall Ratios 
(WWR) 

From the results, that 
maximum illuminance inside 
the classroom can be 
achieved by having a 30% 
window wall ratio with the 
sill height of 1.5m without the 
addition of clerestory and 
light shelves 

Democratic Light: 
Daylighting 
Design and the 
Tate Hall Building 
Restoration 

2024 [49] Hall in the 
University 

Review paper Daylighting 
that supports 
program 
tasks and 
activities, 
visual 
comfort, 
health and 
well-being  

The indoor environmental 
quality (IEQ) to document 
user satisfaction, comfort, 
and well-being. Daylighting 
design conclusions 
summarize the strategies that 
are most effective in 
supporting the design goal of 
daylight democracy 

This Study  2026  University 
building / Design 
studio in 
architectural 
department  

Simulation, 
Data 
collection  

Improving 
the 
daylighting 
utilization 
and 
distribution 
using light 
shelves and 
light ducts  

The Study Contribution 
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1.5. The study contribution 
The literature review shows that most passive practices have been 
implemented and investigated in different types of buildings They 
have been argued that light pipes or light ducts are one of the 
effective design tools that can be adopted to increase daylight use, 
and it could be very impressive in enhancing the daylighting 
performance in the buildings if it is adopted efficiently however, 
the investigation about the performance of this strategy is still 
limited as presented in previous sections. Light shelves are also one 
of those strategies that show a significant impact on daylighting 
performance according to the pervious literature. Furthermore, 
most of the previous studies set 300 lux and 500 lux as an optimal 
standard for lighting evaluation; in this research and according to 
the investigated buildings category and function as a higher 
education building, a higher illuminance standard will be included 
in the evaluation, considering the glare issue.   

However, LEED (v4.1 IEQ-DAYLIGHT) recommended that Useful 
Daylight Illuminance (UDI) for specific function in educational 
buildings can be defended as “Autonomous UDI” and be ranged 
between 500 lux – 2500 lux to represent acceptable daylight levels. 

While “Exceedance UDI” is above 2500 lux to represents excessive 
amounts of daylight and a source of glare that may need blinds to 
increase the uniformity. Throughout a deep investigation in 
previous literature, it has been found the application and 
investigation of light shelves and light ducts in higher educational 
buildings is not presented. A research gap has been noticed in using 
these two techniques specifically in higher education buildings in 
the UAE, a clear gap on lighting performance studies with respect 
to the location and climate zone has also been indicated.  

This research aims to overcome this limitation and bridge this 
gap by investigating the use of passive design practices; light ducts 
and light shelves in higher education building with respect to a 
specific standard for lighting design, achieve the required lighting 
levels, and avoid the glare issue at the same time.  
 

2. MATERIALS AND METHOD 

Generally, previous research shows that several approaches can be 
followed to study daylighting performance; however, surveying 
and a real case measurement are among the most used 
methodologies [52]. This is in addition to the experimental 
approach for the passive tools that can be adopted to increase 

 
Fig. 3. The bibliometric analysis and results visualization for the research main topic “Daylighting passive design strategies” (Scopus, RStudio, 2026). 
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daylight utilization and distribution. Recently, simulation software 
has been widely used for lighting design investigation and 
optimization; the simulation software is generally used for it is 
accuracy, providing the opportunity to investigate and evaluate 
many scenarios and proposals for saving time and cost [53]. The 
most used methodologies in daylighting studies are included in 
Table 1. This research aims to investigate the potential of enhancing 
the utilization of natural daylight and improving visual 
performance in higher education buildings using passive 
technologies. For this aim, several objectives were listed and 
presented in the introduction section, and the methodologies for 
achieving these objectives will be illustrated and explained in this 
section. First, to achieve the research’s objective of identifying the 
daylighting techniques and passive lighting design strategies, a 
literature review was conducted, and the most important and used 
strategies for enhancing daylighting use and performance were 
listed in Table 2.  

In the second stage of this study, an existing case study 
classroom in a higher education building will be selected and 

analyzed using the observation and field measurements method. 
Daylighting measurements using illuminance meters will be 
connected to data loggers with sensors from different points of 
classrooms to explore and evaluate the lux levels and daylight 
performance in the classroom. The results will be validated by 
comparing the on-site collected data with a software simulation 
result. In the third part of the study, a number of proposed 
scenarios using two lighting passive strategies, light ducts and 
light shelves, will be developed and integrated with the existing 
case classroom for examination. The Integrated Environmental 
Solutions Virtual Environment (IES VE) simulation software will 
simulate the proposed scenarios. In the last stage of this study, a 
comparison between the daylight performance of the existing case 
and the proposed scenarios will be conducted to calculate the 
variation and improvement in daylighting performance after 
adopting the passive design strategies. The research framework 
and methodological procedure are illustrated in detail in Fig. 4.   
 

  
Fig. 4. The research framework and methodological procedure (Authors, 2026).  
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2.1. The Integrated Environmental Solutions Virtual 
Environment IES-VE software 
Using the IES VE, a simulation will be conducted on different 
daylight strategies scenarios, including lighting ducts and shelves. 
The IES VE software integrates the best performance of passive 
techniques and provides accurate outcomes and results for 
analysis. Furthermore, the radiance application integrated into the 
software provides the opportunity to simulate solar azimuth for a 
whole year. The use of IESVE software supports this research 
objectives by providing a grid layout shows the illuminance in each 
point/ coordinate at the classroom. Further to the perspective view 
of the full classroom that allows to compare the simulated 
scenarios with the existing case, and with each other to evaluate the 
enhancement and improvement in daylighting design and 
distribution. The IESVE software calculates the illuminance at a 
given point in (lux) unit. The calculation is derived from the 
luminous flux incident on a horizontal or vertical surface which is 
known as work plane. IES VE reports the daylight factor or 
illuminance at any grid point on the work plane in % Lux. In 
calculations the IESVE follows the standard illuminance 
relationship (equation 1).  

E = ∑(Li ⋅ cosθi ⋅ Δωi)     (1)  
In the radiance simulation, the integration over the visible 
hemisphere is done numerically for both diffuse and direct daylight 

components (equation 2 and 3), and the total illuminance at a point 
calculate by equation 4.  

Ediffuse = ∫sky L(θ,ϕ)cosθdω    (2)  

Edirect = Lsuncosθsun    (3)  

Etotal = Ediffuse + Edirect    (4)  
where:  
E: Illuminance at a point in lux = lumens/m² 
Li: Luminance (cd/m²) of each sky or light source element i 
θi: Angle between the surface normal and the incoming light rayi 
Δωi: Solid angle (steradians) subtended by source element I at the 
calculation point 

Many studies have proved the accuracy and validity of IES VE as 
a well-known software that is professionally used for lighting 
analysis [54]. The software provides the capability to integrate any 
type of lighting strategies into the building model using many 
model building tools, in addition to adjusting the building and 
indoor and interior materials with an opportunity to use different 
material properties. Furthermore, the software allows the visual 
outcome and results presentation using 2D and 3D images that 
illustrate the lighting performance around the room and the 
perspective images from different positions. This is in addition to 
the ability to indicate the critical area in lighting performance with 
respect to specific lighting standards.   

  
Fig. 5. The symmetrical design for the buildings’ layout in the UOS campus (Google, 2026).   

  

  
Fig. 6. The classroom topologies at the UOS, and the three different design topology (Authors, 2026).  
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2.2. Investigating improving daylighting 
performance in an existing classroom case using 
passive strategies 
Passive design strategies have an effective impact on enhancing the 
unitization of daylight for better and more efficient visual 
performance. The methodological procedure for this phase will 
start by analysing an existing classroom in a higher education 
building. In this research, one of the design studios in the 
Architectural Engineering Department at the University of Sharjah 
(UOS) campus is selected. The UOS buildings are symmetrical in 
planning and layout; therefore, the outcomes can be implemented 
in all classrooms with similar designs and orientations. The 
existing case classroom will be analysed from the aspect of 
daylighting performance, and two of the daylight harvesting 
technologies will be implemented: light ducts and light shelves. A 

number of scenarios will be integrated with the classroom layout. 
The proposed scenarios will be simulated to find the potential of 
increasing the daylight inflow and distribution in the investigated 
classroom. Accordingly, several simulation processes will be 
carried out using IES VE software packages, and the best scenarios 
in daylighting performance will be recommended.   
 

2.3. Description of the investigated higher education 
building 
The University of Sharjah (UOS) is one of the largest universities in 
the UAE; it contains hundreds of classrooms of different types and 
sizes to accommodate various capacities of students in various 
departments. Therefore, each department and class needs a 
particular action to integrate daylighting into space to increase 
visual comfort and reduce energy consumption. Considering the 

 
Fig. 7. The exiting classroom/design studio (007) location in M8 and the room dimensions (Authors, 2026).   
 

 
Fig. 8. The existing case classroom/design studio (007) / M8 and the materials reflectance (Authors, 2026).  
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unique and symmetrical design of the university campus, the 
classes are mirrored, regardless of their orientation or design 
adaptations to diverse locations (Fig. 5).  

Hence, improving daylight performance and visual comfort 
would reduce total energy consumption and negative 
environmental impacts, and increase human productivity.  

Figure 6 illustrates the three topology types or shapes of 
classrooms available in the UOS and the architectural department, 
however, one of these shapes will be investigated as it us used as 
design studio, and the other shapes can be considered for future 
work.   
 

2.4. Preliminary study approach, the existing case 
classroom selection and description 
The selected existing case classroom is the Design Studio 007, 
located in M8 building, Architectural Department in the UOS; the 
classroom is used as a lecture room as well as a design studio for 
architectural engineering students; it will be investigated as a 
sample classroom /design studio in higher education building. 
However, according to the similarity and uniformity in the campus 
design, the results can be generated to all educational classrooms 
on the university campus. The department layout, classroom 
dimensions, and orientation are presented in Fig. 7, while Fig. 8 
illustrates the interior materials and their reflection values. Form 
black color which absorb the light with 0 reflection to whit color 
with reflection value 1, the interior material color of the classroom 
plays an important role in light reflection, white or light color for 
wall painting and ceiling has high refection value near to 1. The 
interior materials of the classroom have been defined within the 

simulation model in specific filed. The room interior’ materials 
have to be identified so the software can calculate the reflection, 
diffusion and other parameters to find the lux value in specific 
point. This specific case has been selected because of the high 
dependence on artificial lighting during the day in spite of the case 
study location, which is located in hot climate zone, sunny and clear 
most of the year. Furthermore, the case study measurements that 
shows a real weakness in daylighting performance and utilization.  
A problem of indoor insufficient daylight utilization and 
distribution has been indicated by the students, which requires the 
use of artificial light during the daytime; therefore, measurements 
and data collection for the daylighting performance was conducted 
using different points at desks level of 0.85 m, and the IES VE 
radiance simulation was run to measure and validate the daylight 
values at the selected case study classroom. The simulation process 
identified clearly the dark or daylighting weak zones and provided 
the lux values in these zones as presented in Fig. 10. The next sub 
sections will propose and illustrate different scenarios of using 
light ducts and light shelves to improve the daylighting 
performance in the existing case classroom.  
 

2.4.1. The study area location, weather 
characteristics, and solar azimuth 
The selected higher education institute, the University of Sharjah 
(UOS), located in Sharjah, United Arab Emirates (UAE), 24° 21’ 2.10” 
N Latitude and 53° 56’ 22.71” E Longitude, the UAE is specified 
within the hot climate condition zone. This zone is different from 
the temperate climate zone as it has higher air temperature ranges 
throughout the year. According to the high air temperature 

 
Fig. 9. The sun angle and daylight inflow with respect to the study location in December and June (Authors, 2026). 
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averages most of the year, the utilization of diffuse daylight is more 
efficient in daylighting design within this climate conditions, and 
selecting the passive daylight strategies should be highly taken into 
consideration to avoid the use of direct sunlight and to reduce the 
possible solar gain (Fig. 9).   
It has been found that the intensive use of active systems in 
educational buildings without considering passive techniques for 
reducing energy consumption resulted in high energy 
consumption. Though sunny weather and daylight are available 

during the day in the UAE, university buildings rely on artificial 
lighting intensively.  

Therefore, passive strategies such as light shelves could also be 
counted as shading for reducing the total solar gain and the burden 
on heating, ventilation, and air conditioning (HVAC) systems. In 
addition to the light shelves’ strategy, the potential of using the 
light ducts will also be investigated to enhance daylighting 
performance and reduce the use of artificial light during the day.  
 

 
Fig. 10. The daylighting simulated data (top) and measured data (bottom) in the classroom on the 14th of January (IESVE; Authors, 2026). 
   

  
Fig. 11. The existing case measurement and simulation data validation (Author, 2026).  
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Table 6. The proposed scenarios of light ducts and light shelves and the illustration of details (Authors, 2026).      

            Strategy Scenario Description Illustration 
Plan  

Illustration 
Section 

Existing Case Base Case 171 m² 
10m W*17.1m L 
 
                

  
Light Ducts Strategy LD1 

 
 

1D (L) 

 

 
LD2 
 

2D (L) 

  
LD3 
 

3D (L) 

  
LD 4 3D (0.5L) 

  
LD5 6D (W) 

  
LD6 6D (0.5W) 

  
Light Shelves Strategy LSH1 Ex (1m) 

  
LSH2 Ex (0.5m) 

  
LSH3 Ex (0.25m) 
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2.4.2. The existing case design studio daylighting 
performance 
The existing design studio will be analysed with respect to the 
daylighting performance, utilization, and distribution. It will 
represent the base case that will be simulated, and the results will 
be compared to the results of the proposed scenarios. The 
daylighting of the base case will be evaluated on two levels: on-site 
measurements and simulation software outcomes. The site 
measurements were conducted on 14 January between 4:00 pm and 
4:05 pm; 15 points were measured, five points on the x-axis and 
three points on the y-axis using a light meter. The reason behind 

not selecting more points for measurements is to avoid variation in 
the readings within the measuring time.   

The results of on-site existing case measurements and the 
simulated results are illustrated in Figure 10, which shows that the 
simulated daylighting data is very close to the measured data, and 
the variation is less than 5%, which approves the validity of the 
software and the simulation process [55].The Standard Error (SE) 
has been calculated as a part of the validation process between the 
measurements and simulation data, Fig. 11. Illustrates both values 
the error. However, the variation in the average values between the 
simulated and measured data in zone C next to the door could be 
related to the classroom door, which was open during the 

 LSH4 Ex (1m)  
In (1m) 

  
LSH5 Ex (0.5) 

In (0.5m 

  
LSH6 Ex (0.25)  

In (0.25) 

  
   

 
Fig. 12. Visual contour lines and lux values on grid points for the existing case classroom in December (left) and June (right) (IESVE; Authors, 2026). 
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measuring process. In contrast, the door does not count as an 
opening when the IES VE software runs the simulation process. 
Both measured and simulated results show a clear weakness in 
daylight utilization and distribution in the classroom, as most of 
the light is concentrated next to the windows. Regardless of the 
area next to the windows, theoretically and diagonally dividing the 
classroom area into three zones. Zone A has the majority of the 
daylight with a clear glaring issue, and most zone B and zone C have 
an apparent problem in daylighting sufficiency.  

The results of uniformity, the ratio of minimum illuminance to 
average illuminance for the existing case classroom. show that the 
uniformity for both summer and winter simulation days is below 
the minimum acceptable range (0.3-0.4). This is in addition to the 
high percentages of the threshold area under 500 lux, indicating a 
significant weakness in daylighting performance and distribution 
in the existing case. Figure 10 shows a visual illustration using the 
contours and grid points in lux values for daylight distribution in 
the existing case in December and June. By using the theoretical 
division assumed for the classroom area into three zones, zone A 
has the highest lux values in the classroom; however, a mild glare 
issue can be recorded in June in the corner area next to the window 
where the grid values exceed the 2000 lux.   

According to the Unified Glare Range (UGR) of 40 for extremely 
high glare to 5 very low glare in Daylight Factor (DF) units, the 
acceptable glare for the classroom is 19, and it could reach 22 in 
specific cases of visual tasks classrooms when this range translated 
into lux values, the 1500 lux - 2000 lux can be accepted for a 
detailed drawing work, mechanical and electronic drawing work 
classrooms. Zone B, the middle area of the classroom, recorded a 
lower but sufficient lux value; however, it still has some areas that 
need to be improved. The darkest area in the classroom and the 
weakest daylighting performance in the area is zone C.  

The daylight performance in this area required to be significantly 
improved by using the possible passive techniques presented in this 
study to determine the potential of enhancing the daylight 
performance of the existing classroom. In conclusion, the results of 
the existing case concerning daylighting performance show a clear 
necessity to enhance daylight utilization and distribution using 
passive strategies to improve visual comfort, and reduce the burden 
on artificial light use and energy consumption.  

 

2.5. Using passive daylighting strategies and the 
proposed scenarios 
For improving daylight utilization and distribution in the selected 
classroom /design studio, several proposed scenarios were 
generated to enhance daylight performance in the existing case. 
The proposed scenarios for improving the daylighting performance 
will adopt two passive design strategies. The criteria behind 
proposing each scenario are to enhance the areas and the classroom 
zones with the least daylight values while reducing the glare issue 
indicated in the classroom existing case.  

 

2.5.1. Light ducts technique proposals 
In the first group, the potential of using the light ducts will be 
investigated; the light ducts were selected to collect the daylight 
and transfer the inflow to the deeper side of the classroom. In this 
group, six scenarios of light duct strategy are suggested to 
investigate the impact of using a number of ducts along two 
directions, long and short, in addition to analyzing different 
lengths of light ducts.  

The light ducts will be placed on the long and short axis of the 
classroom; each scenario has been named and numbered according 
to this coding: LD (n), where L (Light), D (Duct), (n) is the number 
of scenarios, and in the description of each scenario, the L or W is 
changing according to the duct direction and length. The details 
and illustration of each scenario are presented in Table 4. Light 
ducts will be installed between the false ceiling and the concrete 
slab with a cross-section of 1m*1m, and the length will vary 
according to the different scenarios. The duct material is stainless 
steel with a high internal reflection value of 0.95. The sun capture 
entry is a single pane glass 0.8m*0.8m surface of 90 % Visible Light 
Transmittance (VLT), facing the northeast or northwest, 
depending on the scenario description Table 4. The opening of each 
duct inside the room is from the bottom side with an opening 
dimension of 1m* 1m, and it is sealed with 90% VLT glass.  
 

2.5.2. Light shelves technique proposals 
In the second group, the impact of light shelves is investigated; the 
light shelves were selected to collect and reflect inside the 
classroom and provide the shading required to reduce the glare 
next to the windows. Similar to the first group, the same coding will 
be followed, LSH (n), where L (Light), SH (Shelf), (n) is the number 
of the scenario. The shelves will be placed at the upper part of the 
window at 0. 25m from the top using aluminum material with a 
reflection value of 0.90. The proposed scenarios investigated the 
impact of light location, whether interior or exterior light shelve, 
further to the shelf’s width. Table 6 shows the six proposed 
scenarios of light shelves, the description of each scenario, and an 
illustration of the shelves’ location, whether interior, exterior, or 
both. The basic width of the shelf is 1m, and the width changes in 
each scenario by 0.5 x and 0.25 x.  

 

3. RESULTS   

3.1. The base case daylight simulation results in 
summer and winter seasons 
The second stage of the base case daylight analysis before 
developing the proposed scenarios is evaluating the daylight 
performance of the existing case in the winter and summer 
seasons. Generally, the daylight varies daily and seasonally. The 
IES-VE software simulation was conducted to evaluate the existing 
case daylight performance in the mid of winter, 21st. December and 
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the mid of summer, and 21st. June to simulate the maximum and 
minimum daylight levels throughout the year, and find out the 
maximum and minimum daylighting performance during these 
days. The existing classroom faces the north direction; however, it 
has an opening/window in the east and west directions. The east-
facing windows get sunlight in the morning, and the west windows 
face the afternoon light. The simulation results of the base case on 
21st. December at 12:00 pm show that 76.84 % of the working plane 
area is under 500 lux, and it is 67.28 % on the same day of June (Fig. 
12). The uniformity ratio is 0.017 and 0.018 in December and June, 
respectively .   
 

3.2. Results for simulating light ducts scenarios 
This section investigates the potential of using light ducts to 
enhance classroom daylighting performance by developing six 
light duct scenarios, as mentioned in the previous section and 
shown in Table 5. Daylight distribution and lux values in each 
square meter for each scenario in both simulated months are 

presented in Appendix A. The simulation results for the first 
scenario show that the area less than 500 lux in December is      76.61 
%, while it is 66.91% in June. The second scenario of using the two 
ducts along the long axis shows that the area less than 500 lux is 
76.21 % and 66.50 % in December and June, respectively. However, 
the third scenario of using three ducts recorded a slightly better 
performance than the first two scenarios, with a threshold area of 
75.77 % in December and 66.04 % in June (Appendix A).  

Investigating using half of the duct length was in the fourth 
scenario, but this scenario recorded a higher percentage of area less 
than 500 lux compared to the previous scenarios. This area is 76.75 
% and 67.12 % in December and June, respectively. On the other 
hand, the fifth and sixth scenarios investigated the impact of duct 
location in the short direction of the classroom, and they recorded 
the best performance. The fifth scenario recorded a threshold area 
of 73.39% and 63.29% in December and June, respectively, while 
using the half width in the sixth scenario recorded slightly higher 
values compared to the fifth one with a threshold area percentage 
of 73.89% and 63.50%, respectively (Appendix A). Figure 13 shows 

 
Fig. 13. The percentage of variation in the light ducts’ performance for area less than 500 lux compared to the base case (IESVE; Authors, 2026).      
 

 
Fig. 14. The percentage of variation in the light shelves’ performance for area less than 500 lux compared to the base case (IESVE; Authors, 2026).     
 

https://dx.doi.org/10.15627/jd.2026.26


 S. Shareef et al. Journal of Daylighting / Volume 13, Issue 2 / 23 August 2026 480  

https://dx.doi.org/10.15627/jd.2026.26 

the variation in the light ducts’ performance for the different 
scenarios compared to the base case in percentage. These results 
will be compared to the existing case, and the impact of each 
scenario will be discussed in detail in the discussion section.  

   
3.3. Simulation results of using light shelves strategy   
The six proposals for using the light shelves were suggested to 
cover different sizes of shelves, in addition to investigating interior 
and exterior positions. Daylight distribution and lux values in each 
square meter for each scenario in both simulated months are 
presented in Appendix A. The simulation results of the first 
scenario of using 1m exterior shelves recorded a percentage of 
79.36 % and 64.24 % for the area less than 500 lux in June and 
December, respectively. In the second scenario, the external shelf 
width was reduced to 0.5m and clear enhancement compared to the 
first scenario, with a threshold area percentage of 70.27 % and 
57.15% in December and June, respectively. The third scenario of 
using the exterior shelf only also recorded a good performance with 
a threshold area of 66.05 % and 53.60 % for both simulated moths. 
The fourth scenario suggested using the interior and exterior 
shelves with 1m width and recorded a higher percentage for the 
threshold area of 89.78 % and 81.02 % in December and June. The 
fifth scenario also showed a negative performance as this area 
percentage was 80.44% and 68.48% for the two simulated months, 
respectively, while in the last scenario of using the exterior and 
interior shelves of 0.25m in width recorded a threshold area 

percentage of 71.34 % and 57.79 %, in December and June, 
respectively. Appendix A illustrates the scenarios’ results in both 
simulated months with detailed lux values distributed on 1m *1m 
grid points.  

Figure 14 shows the variation in the light shelves’ performance 
for the different scenarios compared to the base case in percentage.   
 

4. DISCUSSION AND ANALYSIS 
Site observation of the existing case, in addition to the collection 
and simulation for daylighting performance show a clear 
inefficiency in daylight utilization and distribution. This 
performance can be noticed in most UOS classrooms, particularly 
in design studios in the architecture department, where the visual 
tasks are demanding. To improve and enhance daylight 
performance, several scenarios based on passive lighting strategies 
were suggested and simulated to evaluate the impact of each one 
and compare them with the existing case. The suggestion covered 
two of the daylighting passive strategies; 1) light ducts, and 2) light 
shelves. The results of simulating both strategies’ scenarios were 
detailed in Appendix A. This section will discuss the significant 
results and impact of the remarkable scenarios. The results of the 
first strategy by using the light ducts do not show any significant 
impact except the use of three light ducts in the third scenario, LD3. 
In this case, the threshold area of points less than 500 lux is slightly 
reduced by 1% and 1.25 % compared to the base cases in December 
and June, respectively. This low performance of light duct scenarios 

 
Fig. 15. Contour lines and daylight distribution of LD5 scenario compared to base case in December (top) and June (bottom) (IESVE; Authors, 2026). 
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is related to the direction of the ducts opening that facing the west 
direction, where the ducts receive the inflow in the afternoon. 
Moreover, lower sun angle and azimuth in December also affected 
the results, resulting in less improvement in December than in June 
(Fig. 10). Using the light ducts along the short direction of the 
classroom was more effective. The significant impact of daylight 
performance has been observed in the fifth and sixth scenarios, 
when using the ducts along the short direction of the classroom and 
placing the six ducts along the entire width.  

The fifth LD5 scenario recorded the best performance by 
reducing the threshold area by 3.5 % in December and 4% in June 
compared to the base case. The position of the light ducts which 
facing the east direction clearly impacts this performance by 
capturing more light during the daytime (Fig. 13).  

The visual distribution of the contour lines shows a clear 
enhancement in daylight distribution compared to the base case in 
zone B, the middle area of the classroom, and this improvement is 
higher in June (Fig. 15).   

However, the area in zone C, next to the wall opposite the 
windows, still required more improvement. Reducing the duct 
length in the sixth scenario does not improve compared to LD5, 
either in the percentage of the threshold area or on the grid points 
and lux values in the middle area of the classroom in zone B (Fig. 
15).  

On the other hand, the results of the second strategy of using 
light shelves were more remarkable. Using light shelves in different 

scenarios notably impacts daylighting performance and 
distribution. The location of the shelf in exterior or interior position 
and the width of the shelf shows a significant impact and variation 
in the results. In the first scenario LSH1, an exterior shelf with a 
width of 1m is used. The results show that it has an impact on 
enhancing the threshold area of less than 500 lux by reducing this 
area by 3.04 % in June (Fig. 14). This scenario shows the opposite 
effect, increasing this area by 2.52 % in December compared to the 
base case. However, the daylight distribution has been enhanced 
for both months. The exterior light shelf acts as a shading device 
and reduces the glare issue next to the windows. At the same time, 
it increases the lux values of zones B and C in the middle and end of 
the classroom, as shown clearly in (Appendix A). Reducing the 
exterior shelf width to 0.5m in LSH2 has significantly enhanced 
daylighting performance and the threshold area by 10.13% and 
6.57% compared to the base case in June and December, 
respectively (Fig. 14). More enhancement was achieved when 
reducing the width of this shelf to 0.25 m in the third scenario LSH3, 
and the reduction in threshold area compared to the base case 
reached 13.68 % and 10.79 % in June and December, respectively.  

However, this scenario increased the glare in zone A next to the 
windows. The fourth scenario, LSH4, of using a 1m width of light 
shelves in exterior and interior positions shows an undesirable 
impact in June and December by increasing the area by 13.74 % and 
12.94 %, respectively (Fig. 14).  

 
 
Fig. 16. Contour lines and daylight distribution of LSH6 scenario compared to the base case in December (top) and June (bottom) (IESVE; Authors, 2026). 
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Using the two positions for shelves in the fifth scenario with a 
reduction in width to 0.5m increased the threshold area compared 
to the base case, and the increase is higher in December than in June 
with a percentage of 3.60 % and 1.20 %, respectively. However, the 
light distribution has been enhanced, and the glare values are less 
when compared to the base case. The sixth scenario, LSH6, of using 
the exterior and interior shelves of 0.25m width reduced the 

threshold area by 9.49 % and 5.50 % when compared to the base 
case in June and December, respectively. This scenario also 
enhanced the daylight distribution in the critical areas of Zones B 
and C. However, the glare recorded next to the windows in zone A 
was slightly higher compared to the previous scenario LSH5. Figure 
16 illustrates the clear and detailed improvement in the classroom 

 
 
Fig. 17. Daylight distribution and glare analysis of June for LD5 scenario (left), and base case (right) on scale of 1000 lux from two perspective positions 
(IESVE, 2026).  
     

 
Fig. 18. Daylight distribution and glare analysis of June for LSH6 scenario (left) and base case (right) on a scale of 1000 lux from two perspective positions 
(IESVE, 2026).     
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area with respect to daylight distribution by adopting the LSH6 
scenario, specifically in the middle and end Zones, B and C (Fig. 16).     
 

4.1. Illuminance standard levels for design studios 
and glare analysis  
Using daylighting and increasing daylight inflow as a lighting 
resource in educational classrooms may cause a glare issue, 
resulting in a discomfort problem, which is a subjective rating led 
into indirect and not measurable consequences such as headache 
and fatigue. As mentioned in the literature, the education room 

types and activities play a crucial role in spatial lighting design. The 
standard threshold area of 500 lux is the minimum acceptable lux 
value for a general higher education classroom; however, for better 
visual comfort and productivity, the lux values can reach 1000 lux 
in the case of the design studio. Therefore, the glare analysis for the 
best performance scenario of each passive technology adopted will 
be conducted based on the 1000 lux level, as the investigated case is 
an example of a higher education classroom and design studio.  

The best performance scenario of the first group was recorded by 
LD5 using six ducts facing the east direction. The glare values of 

 
Fig. 19. The best performance of each group and the integration the suggested integration scenario (IESVE, Authors, 2026). 
 

 
Fig. 20. Contour lines and daylight distribution of integrating light ducts and shelves strategies compared to base case in December (top) and June (bottom) 
(IESVE; Authors, 2026). 
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this scenario slightly increased compared to the base case and the 
other scenarios at some points next to the windows. However, the 
impact of this scenario on enhancing the daylight distribution in 
the middle and end areas of the classroom in zones B and C is more 
important and effective by enhancing the daylighting quality in the 
classroom area (Fig. 17).  

However, similar results with more significant impact can be 
observed by implementing the light shelves best performance 
scenario LSH6. The daylighting performance and daylight 
distribution in the critical area of zones B and C have significantly 
increased and improved, with a non-notable increase in glare 
impact compared to the base case at some points near the window 
(Fig. 18).   
 

4.2. Integrating the best performance of the two 
investigated strategies and uniformity analysis 
The integration between the best scenarios of light ducts and light 
shelves produced an optimized case that can be recommended for 
enhancing daylighting performance in higher education buildings 
and design studios. The simulation results show that integrating 
the best performance scenarios, LD5 and LSH6, reduced the 
threshold area to less than 500 lux by 9.49 % and 14.23 % in 
December and June, respectively (Fig. 19).  

Moreover, the daylighting distribution in the design studio area 
has been significantly improved, specifically in zones B and C (Fig. 
20). Besides that, the glare analysis shows a positive performance 
as there is a slight decrease in lux values compared to the base case 
in the critical zone A next to the windows. The two perspectives of 
integrating the best scenarios of the two investigated strategies and 
the daylighting performance with glare performance compared to 
the base case are illustrated in Fig. 21.  

Uniformity is another daylighting performance parameter that 
evaluate the daylighting distribution, it is used to compare the 
performance of the investigated scenarios. Uniformity is the ratio 
of minimum illuminance to average illuminance, the IESVE 
calculates the daylight uniformity according the equation 5 below:   

Daylight Uniformity = Emin
Eavg

    (5) 

Where: 
Emin = minimum illuminance level (lux) on the work plane 
Eavg = average illuminance level (lux) on the same work plane 

The uniformity analysis for all scenarios showed that the best 
uniformity ratio recorded is 0.45  in December by using the LD6 
scenario , while the best uniformity ratio in June is 0.42  recorded 
by the LD5 light ducts scenario; however, using the exterior and 
interior light shelves with 1m for both positions in the fourth 
scenario, LSH4 of light shelves group has also a good uniformity 

 
Fig. 21. Daylight distribution and glare performance of June for integrating light ducts and shelves strategies (left), and base case (right) on a scale of 1000 
lux from two perspective positions (IESVE, 2026).   
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ratio of 0.38 with an increase of 55% compared to the base case. In 
this scenario, the exterior shelf provided the shading required to 
reduce the glare, and the interior one redistributed the light inside 
the room and increased the uniformity ratio (Fig. 22). Despite the 
preferable performance of the LSH6 scenario in enhancing the 
daylight distribution in all zones and reducing the threshold by 5.50 
% and 9.49 % in December and June, respectively, the uniformity 
ratio provided by this scenario is only 0.22 for both December and 
June, respectively (Fig. 22). However, the uniformity minimum 
compliance is 0.3 according to BREEAM (2026). The ratio and the 
performance of this scenario can be improved by integrating the 
light shelves LSH6 and light duct LD5 scenarios. The suggested 
integrated scenario recorded a uniformity ratio of 0.36 and 0.37 for 
December and June, respectively, with an improvement of 40 % 
compared to the LSH6 scenario and 53% compared to the 
uniformity ratio of the base case.   

5. CONCLUSION AND FUTURE WORK 
This research investigated the impact of using passive lighting 
technologies on enhancing daylighting performance in higher 
education buildings based on specific lighting design standards. 
The deep investigation in previous literature shows clearly that the 
studies on using passive technologies in higher education buildings 
is very limited, specifically light ducts and light shelves. This study 
employed different methodologies starting from the literature 
review for identifying the research gap, to investigating the most 
used passive technologies for improving daylighting performance. 
Furthermore, a classroom / design studio in the University of 
Sharjah was selected for implementing these technologies by 
investigating suggested scenarios for; 1) light ducts and 2) light 
shelves. The existing base case has been evaluated first, and a real 
need for enhancing daylight utilization and distribution was 

 

Fig. 22. Daylighting uniformity ratio of December and June for light ducts (top) and light shelves with the suggested integration scenario (bottom) (IESVE, 
Authors, 2026). 
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indicated. The simulation results of the fist strategy using the light 
ducts show no significant impact on daylighting enhancement, 
except when increasing the number of ducts and placing them in 
the east direction. The best performance of this strategy is recorded 
by LD5; this scenario has slightly reduced the minimum threshold 
area percentage for the points less than 500 lux compared to the 
base case. This result proves the inefficient use of the light ducts in 
hot climate zones due to the high angle of the sun, and this strategy 
would be more efficient in temperate weather regions where the 
sun is at a lower angle. However, using the light shelves shows an 
interesting and more significant impact than the light ducts 
strategy. Implementing the light shelves in the exterior position 
only by the first three scenarios of the second group decreased the 
percentages of the threshold area and reduced the glaring in the 
area next to the windows by creating the required shading. It 
redistributed daylight in the classroom and enhanced daylighting 
performance in the middle and end of the classroom in zones B and 
C. On the other hand, using the light shelves in both positions, 
exterior and interior, recorded a better performance by 
significantly enhancing daylighting in in the darker zones at the 
middle and end of the classroom, zones B and C, and reducing the 
glare in zone A next to the windows at the same time. The best 
performance of light shelves scenario LSH6 recorded the most 
remarkable result by reducing the threshold area by 5.50 % and 
9.49 % compared to the base case in December and June, 
respectively, enhancing daylight distribution in the three zones of 
the classroom area. This strategy in highly recommended in similar 
climate zones due to the double effect of the exterior and interior of 
light shelves by creating the desirable balan ce of reducing the 
undesired glare in zone A, and redistributes the daylight in the at 
the darker zones and the farthest point from the daylight resource.   

Despite the slight increase in the threshold area by 3.60 % and 
1.20 % in December and June compared to the base case, the LSH5 
light shelves scenario also has a notable impact on redistributing 
the daylight in the middle and end area of the classroom in addition 
to reducing the glare next to the windows when compared to the 
sixth scenario LSH6. However, selecting these two scenarios will 
depend on the importance of increasing daylight quality in zones B 
and C or achieving more reduction in glare impact at some points 
next to the windows in zone A. The integration of the best scenarios 
performance of both strategies also has a significant impact 
compared to the base case. This integration reduced the threshold 
area by 9.49 % and 14.23 % in December and June, respectively. The 
results of this study proved clearly the enhancement that can be 
archived by using the passive design technologies for daylighting 
utilization and distribution in the selected classroom at the 
Universities of Sharjah. The activities in educational classrooms, 
such as the existing design studio case, play a crucial role in 
daylighting design and glare impact.  In this study, the investigated 
type of higher education room is a design studio occupied by 
architectural engineering students. The function of the design 
studio allows to increase the standards of threshold area lux value 

to 1000 lux. The existing case glare showed a mild glare issue; 
however, implementing the light shelves strategy with different 
scenarios positively impacts reducing this problem. Furthermore, 
integrating best performance scenarios provides several 
advantages, including desirable shading, reducing the glare in the 
critical zone A next to the windows, and the redistribution of 
daylight, and improving the daylighting quality of the other zones.  

This study investigated one of the university classroom 
prototypes, which have been mentioned earlier in the classroom 
topology analysis. For future work, daylighting performance and 
the impact of the adopted daylighting passive technologies can be 
investigated on other the topology types. Furthermore, addressing 
the other seasons; spring and fall can also be determined for future 
work based on this study procedure and findings, in addition to the 
selection of different locations and different climate zones, to find 
the impact of other climate conditions on the results.   
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APPENDIX A 
Table A1. Simulation results showing the threshold area percentages and daylight values on each square meter for the base case and light 
ducts scenarios in December and June (IESVE; Author, 2026). 

Passive  
Strategy 

Scenario Description Area < 
500 Lux 
Dec. 

Area < 
500 Lux 
Jun. 

Grid Points in December (Lux) Grid Points in June (Lux) 

Existing 
Case 

Existing 
Case 

- 
 

76.84 % 67.28 % 
 

  
Light 
Tubes 
Strategy 

LD1 
 
 

1L 76.61 % 66.91 % 

  
LD2 
 

2L 76.21 % 66.50 % 

  
LD3 
 

3L 75.77 % 66.04 % 

  
LD4 3 (0.5) L 75.74% 65.88% 

  
LD5 6 (1) W 73.39% 

 
63.29% 

  
LD6 6 (0.5) W 74.11% 63.38% 
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 Table A2. Simulation results showing the threshold area percentages and daylight values on each square meter for the base case, light 
shelves and integration scenarios in December and June (IESVE; Author, 2026). 

Passive  
Strategy 

Scenario Description Area < 
500 Lux 
Dec. 

Area < 
500 Lux 
Jun. 

Grid Points in December (Lux) Grid Points in June (Lux) 

Existing 
Case 

Existing 
Case 

- 
 

76.84 % 67.28 % 
 

  
Light 
Tubes 
Strategy 

LSH1 Ex (1m) 79.36 % 64.24 % 

  
LSH2 Ex (0.5m) 70.27 % 57.15 % 

  
LSH3 Ex (0.25m) 66.05 % 53.60 % 

  
LSH4 Ex (1m)   In 

(1m) 
89.78 % 81.02 % 

  
LSH5 Ex (0.5m) 

In (0.5m) 
80.44% 68.48% 

  
LSH6 Ex (0.25) In 

(0.25) 
71.34 % 57.79 % 

  
LD5 + 
LSH6 

6W   +            
Ex (0.25) In 
(0.25) 

67.35% 53.05 % 
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