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Abstract: Malaysia’s higher education sector faces a significant challenge in balancing
energy efficiency with budget constraints. The rising electricity bills, primarily driven by
heating, air conditioning, and lighting loads, have become a substantial financial burden.
Institutions are exploring various methods to control energy demand and reduce costs to
address this issue. Building retrofitting using passive design strategies has emerged as a cost-
effective. Therefore, this paper aims to investigate the appropriate daylighting strategies
designed for building higher education institutions in Malaysia through simulation. This study
employs simulation using Velux Daylight Visualizer software by displaying conditions of
natural daylighting in generic models regarding illuminance level. Three case studies have
been conducted by simulating using four daylighting strategies: (i) Window Base Case, (ii)
Light Shelf (LS), (iii) Louvers (LO), and (iv) Overhang (OV). Data obtained from the Velux
Daylight Visualizer provide analysis on illuminance level in false colour format by generating
photo-realistic images based on detailed and physically accurate lighting simulations. The
Comparison Simulation Daylighting Reading Table (CSDRT) is formulated by comparing the
simulation illuminance readings with the recommended readings from three building
guidelines: GBI for Interior Version 1.3, MS1525 2019 third revision, and CIBSE Lighting
Guide 5: Lighting for Education. The CSDRT revealed that meeting all three guidelines
simultaneously across every zone and time phase for all daylighting strategies is impractical.
However, it is feasible to satisfy two guidelines, which can help determine the most effective
daylighting strategy for specific zones. Key findings include the high effectiveness of louvers
in Case Study A, promising results for the window base case strategy in Case Studies B and
C, and varying performance of light shelves and overhangs. The research underscores the
importance of aligning simulation studies with established guidelines for optimising
daylighting and energy efficiency in educational buildings.
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1. Introduction

Malaysia’s higher education sector faces a significant challenge in balancing energy efficiency
with budget constraints. The growing student population has led to increased electricity
consumption in educational buildings, while government funding for public universities has
been reduced by nearly 20% (Ministry of Finance Malaysia, 2016, 2017). This financial
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squeeze has made it imperative for Higher Education Institutions (HEIs) to find innovative
solutions to manage their energy costs effectively.

The rising electricity bills, primarily driven by heating, air conditioning, and lighting loads,
have become a substantial financial burden for HEIs (Sai et al., 2018). Institutions are exploring
various methods to control energy demand and reduce costs to address this issue. Effective
management of electricity distribution across campus sections and the implementation of
energy-efficient technologies are becoming increasingly important (Jain and Jain, 2016).

Building retrofitting using passive design strategies has emerged as a cost-effective solution to
lower electricity bills and enhance energy efficiency in educational buildings (Randjelovic et
al., 2021). While previous research has focused on passive daylighting retrofitting for design
studios, a more comprehensive approach is needed. By adopting integrated approaches to
energy optimisation, as highlighted in Malaysia’s 11th Plan Thrust 4, HEIs can work towards
sustainability and resilience while managing their operational costs effectively (The Economic
Planning Unit Prime Minister’s Department Malaysia, 2015). Therefore, this paper aims to
investigate the appropriate daylighting strategies designed for building higher education
institutions in Malaysia through simulation.

2. Literature Review

2.1 Theory of Retrofitting Lighting

Retrofitting theory in the context of Higher Education Institutions (HEIS) involves modifying
existing structures to enhance performance, increase functionality, and extend lifespan. This
approach is particularly relevant to improving energy efficiency and sustainability in
educational buildings. The theory encompasses updating infrastructure to meet current
environmental standards and reduce resource consumption (Ghafoori and Motavalli, 2016),
specifically focusing on enhancing daylighting strategies to minimise electricity usage in
design studios.
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Figure 1: Three Sphere of Sustainability (Sustainability Paradigm)
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The Three Spheres of Sustainability (refer Figure 1), also known as the Sustainability Paradigm
theory, forms the fundamental theoretical framework for this research. This theory integrates
Environmental, Social, and Economic aspects to achieve comprehensive sustainability. In the
context of HElISs, the focus is primarily on the Environmental-Economic sphere, emphasising
energy efficiency and the utilisation of natural resources like daylight (Cimiano-Prados et al.,
2023). To implement successful retrofitting from this perspective, the Environmental
Management System (EMS) Continual Improvement Cycle is employed (refer Figure 2). This
cycle, often referred to as the Plan-Do-Check-Act (PDCA) model, is crucial in creating and
maintaining sustainable buildings (Fet and Michelsen, 2023).
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Figure 2: EMS Continual Improvement Cycle

The synergy between the EMS Continuous Improvement Cycle and the retrofitting approach
lies in their shared goal of enhancing environmental performance in existing systems.
Retrofitting, when implemented strategically within the EMS framework, can significantly
improve energy efficiency and reduce the carbon footprint of educational buildings (Tawfik et
al., 2023). This integrated approach contributes to the effectiveness of an organisation’s
environmental management system and aligns with broader sustainability goals, balancing
economic considerations with environmental impact reduction.

2.2 Lighting — lHluminance

Lighting is composed of three main elements. They are (i) luminous, (ii) illuminance, and (iii)
luminance. Illuminance is defined as the amount of light that falls on an object’s surface, as
shown in Figure 3 (Hiscocks, 2011; Li et al., 2014). Illuminance is measured in lux and used
to determine the lighting level (Hiscocks, 2011). To acquire the appropriate illuminance level,
the following formula is used:
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E = illuminance of a surface (Im/m2 or Ix)
F = luminous flux incident on the surface (lumen)
A = the area of the surface (m2).

Luminous Flux

Sun

\*H.___ - Luminous Intensity Luminance

llluminance

Object

Figure 3: Components in Lighting

Adequate illumination throughout a studio is crucial. Designers often leverage daylight for
interior lighting, reducing dependence on artificial sources (Li et al., 2005). Illuminance levels
vary within a studio due to window proximity, sun position, and sky conditions (Kadir et al.,
2016). However, excessive illuminance can lead to visual and thermal discomfort and disability
glare (Nabil and Mardaljevic, 2005; Winterbottom and Wilkins, 2009).

Table 1 provides a comprehensive overview of illuminance standards for various spaces in
educational and office environments, as recommended by different guidelines and institutions.
The Green Building Index (GBI) for Interior Version 1.3 suggests a maximum illuminance of
2000 lux for standard offices. The Malaysian Standard (MS) MS1525: 2019 recommends 300-
400 lux for general and drawing offices and 300-500 lux for classrooms and libraries. The
Chartered Institution of Building Service Engineers (CIBSE) Lighting Guide 5 offers more
specific recommendations, suggesting 750 lux for technical drawing rooms, 500 for conference
and meeting rooms, and 300 for classrooms and tutorial rooms. These standards highlight the
importance of appropriate lighting levels in different educational and workspaces, emphasising
adequate illumination to support various activities while avoiding excessive brightness that
could lead to discomfort or energy waste.
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Table 1: lHluminance Standard Reading

No Green Index Guideline Space Types llluminance (Lux)
1 Green Building Index (GBI) for Interior Standard Office Below 2000 lux
Version 1.3
2 General Office 300-400 lux
Malaysian Standard (MS) MS1525: 2019 Drawing Office 300-400 lux
Classroom/Library 300-500 lux
3 _— - . Technical Drawing Rooms 750 lux
Chartgred Institution Of. Bu!ldlng f_Serwf:e Conference and Meeting Room 500 lux
Engineers (CIBSE) Lighting Guide 5: Classrooms and Tutorial Room 300 lux
Lighting for Education

Source: (CIBSE, 2011) (Malaysian Standard 1525, 2019) (GBI, 2023)

2.3 Daylight Strategies

Daylighting strategies are crucial in optimising natural light in buildings, particularly in
educational settings. The most used strategies include windows, louvers, light shelves,
skylights, and overhangs. These techniques are categorised based on their functions:
penetration (windows and skylights), distribution (light shelves), protection (overhangs), and
control (louvers). Each strategy uniquely enhances the quality and quantity of natural light
within a space while addressing specific challenges such as glare, heat gain, and energy
efficiency.

Windows are the primary method of introducing natural light into buildings. Windows not only
allow daylight penetration but also provide views to the outside, contributing to occupant well-
being (Dahlan and Eissa, 2015). However, it can lead to uneven light distribution, glare, and
excessive heat gain. Window requires careful consideration to maximise its benefits while
mitigating potential drawbacks.

Light shelves, louvers, and overhangs are designed to address the challenges associated with
direct sunlight penetration. Light shelves reflect and redistribute daylight deeper into spaces,
promoting even illumination (Costanzo et al., 2017). Louvers, consisting of adjustable slats,
offer flexible control over light intake and can be integrated with automated systems for
optimal performance (ldchabani et al., 2017). Overhangs act as passive shading devices,
reducing heat gain and glare while maintaining exterior views (Yazhari Kermani et al., 2018)

3. Methodology

This study employs simulation through computers to generate data. Simulation studies help
understand the behaviour of statistical methods by comparing the ‘truth’ (typically interest
parameters) with the results from the generated data (Khanh Phuong et al., 2024). The
simulation study was conducted using Velux Daylight Visualizer software. It offers an
interactive and intuitive approach to daylighting in buildings during the schematic design phase
(Keshavarzi et al., 2021).

Velux Daylight Visualizer software displays conditions of natural daylighting in generic
models regarding illuminance level. The simulation has been evaluated for compliance with
the European Standard for Daylight in Building EN17037. Additionally, the software has been
validated in accordance with the CIE 171: 2006 test cases to assess the accuracy of lighting
computer programs (Velux Group, 2024). Three case studies have been conducted by
simulating using four daylighting strategies as presented in Figure 4: (i) Window Base Case,
(i) Light Shelf (LS), (iii) Louvers (LO), and (iv) Overhang (OV).

495


https://asianscholarsnetwork.com/asnet-journals

Asian
Schalars
. Netvork International Journal of Business and Technology Management
. e-ISSN: 2682-7646 | Vol. 7, No. 5, 491-506, 2025
https://asianscholarsnetwork.com/asnet-journals
SPECIAL ISSUE: International Virtual Go Green (iVGG) 2025

Data obtained from the Velux Daylight Visualizer provide analysis on illuminance level in
false colour format by generating photo-realistic images based on detailed and physically
accurate lighting simulations. This includes identifying which daylighting strategy has received
the lightest intensity and which has received the least. Based on the data obtained, the
Comparison Simulation Daylighting Reading Table (CSDRT) is formulated by comparing the
simulation illuminance readings with the recommended readings from three building
guidelines: GBI for Interior Version 1.3, MS1525 2019 third revision, and CIBSE Lighting
Guide 5: Lighting for Education. This data will be presented in tabular form.

Simulation Study Flowchart
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Figure 4: Simulation Study Flowchart
4. Findings and Discussions

This study investigates the appropriate daylighting strategies design for HEIs in Malaysia
through simulation. The CSDRT compares simulation illumination results with the standard
guidelines. The CSDRT helps determine whether daylighting strategies meet the standard
illuminance readings. Comparing simulation studies with standard guidelines significantly
enhances the quality and reliability of research findings. Pawel et al. (2023) and Xiao et al.
(2022) emphasised that this approach ensures simulation transparency and replicability. Juhee
and Hyunju (2020) found that this method improves research outcomes. Crawford (2018) noted
that such comparisons ensure consistency and quality in research. Therefore, aligning
simulation studies with established guidelines will boost the credibility of the findings and
promote best practices across various fields.

Figure 5, Figure 6, and Figure 7 summarise the simulation results of the illuminance readings

for the case studies. Each case study simulated four daylighting strategies: a window base case,
a light shelf, louvres, and an overhang. The case studies were also simulated in Zone 1, Zone
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2, and Zone 3 during the morning, afternoon, and evening. The results are presented in a false
colour format, with each colour indicating the status of the illuminance level: blue for
Perceptible, green for Acceptable, yellow for Tolerable, and red for Intolerable.

Each case study has its unique challenges. Case Study A has limited windows located on only
one side of the studio. Case Study B, however, has many windows on both sides of the studio.
Case Study C has a standard number of windows on both sides, but it has an issue with a non-
functional window that’s obscured by a partition.

SIMULATION RESULT ILLUMINANCE
DAYLIGHTING STRATEGIES TIME PHASES STRATEGY | STRATEGY 2 STRATEGY 3 STRATEGY 4

WINDOW BASE CASE UGHT SHELF LOUVERS OVERHANG

CASE STUDY A INFORMATION

Weather Condition: Sunny
Site Coordination:

4.19308 N
10.2638 E

Morning

e | Aftemoon

Evening
Figure 5: Simulation Result Illuminance Table (Case Study A)
SIMULATION RESULT ILLUMINANCE
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Site Coordination:
4.35645N Moming
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Figure 6: Simulation Result llluminance Table (Case Study B)
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Figure 7: Simulation Result Illuminance Table (Case Study C)

Among the four daylighting strategies tested in Case Study A (refer Figure 5), louvres strategy
achieves the maximum illuminance. It receives the highest illuminance reading in the evening
among the three phases tested. This is because of only Zone 1 has a westward window. The
louver daylighting strategy functions differently in this case study than the control daylighting
strategy. This occurs because daylight penetration is reflected off the louvre fin and is
subsequently distributed within the case study. Ahmad et al., (2021) and Alsukkar et al., (2022)
stress that louvres can effectively reflect daylight penetration and enhance illuminance levels
within a building. The illuminance level increases in the afternoon and continues into the
evening. The second-highest illuminance is achieved with the window base case strategy in the
evening, followed by the light shelf strategy, which also sees its highest illuminance during the
evening phase. The overhang strategy records the least illuminance across all three time phases
studied. This is evident in Zone 2 and Zone 3 in Case Study A, where the blue colour indicator
is almost always present, demonstrating that the overhang strategy has reduced the illuminance
level. Stevanovic, (2022) confirms that the overhang daylighting strategy can effectively
control the amount of sunlight entering interior spaces, thus reducing daylight penetration into
a building.

Figure 6 shows that the window base case and light shelf strategy provide the highest
illuminance among the four daylighting strategies in Case Study B. This case study
demonstrates abundant daylight penetration in Zone 1 (southeast-facing windows) and Zone 3
(northwest-facing windows). These zones receive the highest illuminance in all three time
phases, as indicated by the red marker in the table, except when using the louver daylighting
strategy. In this case study, the light shelf and overhang strategies are ineffective as shading
devices, as 30% of the studio’s total window area consists of large windows, allowing
significant daylight penetration. However, the louver strategy performs well throughout the
day, as shown by the green indicator signifying acceptable illuminance levels. The overhang
strategy achieves the second-highest illuminance across all time phases, while the louver
strategy receives less illuminance than other strategies but effectively balances light to achieve
acceptable levels. He et al. (2021) emphasised that the louver daylighting strategy can
effectively reduce excessive daylight penetration while optimising visual comfort and energy
use. Al-shafaey et al. (2020) corroborated this, noting that integrating fixed horizontal louvers
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can improve daylighting performance, optimise visual comfort, and contribute to energy
reduction.

Figure 7 shows that the Window base case strategy achieves the highest illuminance in Case
Study C among the four daylighting strategies. The afternoon phase received the most
illuminance in Zone 1, attributable to the functional southeast-facing window allowing daylight
penetration in both morning and afternoon. However, Zone 3 received less daylight in the
evening due to a non-functional northwest-facing window covered by a partition. The light
shelf daylighting strategy ranks second in illuminance across all time phases, effectively
distributing light during afternoon and evening. Though daylight penetration decreased slightly
compared to the window base case, it still reached Zones 2 and 3. Light shelves are an effective
strategy, distributing daylight deeper into spaces, reducing energy consumption, and enhancing
visual comfort (Ambadi and Raphael, 2023; Sern et al., 2022). The overhang strategy received
the third-highest illuminance, outperforming the louver strategy. However, acting as a shading
device, the louvre strategy is superior to the overhang as it serves as a control strategy. Khidmat
et al. (2022) confirmed that the louver strategy is more effective than the overhang in
optimising daylighting and energy efficiency. He et al. (2021) further supported this, noting
the louver strategy’s dual function as a control strategy and shading device. This superiority is
evident from comprehensive energy consumption data, highlighting improved energy
efficiency.

Tables 2, 3 and 4 present a comprehensive summary of the illuminance readings obtained
during the simulation study from Figures 5, 6 and 7. The data has been averaged by zone to
evaluate the effectiveness of various daylighting strategies in providing sufficient daylight in
accordance with recommended standard guidelines.

All case studies successfully met the standard illuminance reading set by the GBI Interior V1.3
guideline, which recommends illuminance levels below 2000 lux (Green Building Index,
2023). This standard was achieved across all zones and time phases. However, when assessed
against the CIBSE Light Guide 5: Lighting for Education, which recommends a higher standard
of 750 lux, none of the case studies met the requirement after simulating various daylighting
strategies over three phases.

The MS1525 2019 guidelines yielded mixed results. Case Study A achieved standard
illuminance in only one zone during the evening, with a reading of 314 lux using a window
base case strategy. Case Study B failed to meet the standard in any zone. Notably, Case Study
C demonstrated the most promising results, with all daylighting strategies meeting standard
illuminance in specific zones and times:
I. Window base case strategy: Zone 3 met standards in the morning (323 lux) and evening
(325 lux)
ii. Light shelf strategy: Zone 2 in the evening (379 lux), Zone 3 in the afternoon (358 lux)
iii. Louvers strategy: Zone 2 in the morning (324 lux), Zone 1 and 2 in the afternoon (358 lux
and 397 lux, respectively)
iv. Overhang strategy: Met standards across all time phases (Zone 2: 379 lux in the morning,
381 lux in the evening; Zone 3: 322 lux in the afternoon)
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Table 2: Comparison Simulation Daylighting Reading Table (CSDRT) for Illuminance (Case Study A)

Case Study A
Daylighting Window Base Case P
Strategy (WBC) Guideline
Zone Zone Zone CIBSE Lighting
Time/ Zone GBI Interior V1.3 MS1525: 2019 Guide 5: Lighting
! 2 3 for Education
246 53 28 Z1: acceptable Z1:unacceptable  Z1: unacceptable
Morning lux lux lux Z2: acceptable Z2: unacceptable  Z2: unacceptable
Z3: acceptable Z3: unacceptable  Z3: unacceptable
280 45 25 Z1: acceptable Z1:unacceptable  Z1: unacceptable
Afternoon lux lux lux Z2: acceptable Z2: unacceptable  Z2: unacceptable
Z3: acceptable Z3: unacceptable  Z3: unacceptable
Z1: acceptable Z1: unacceptable  Z1: unacceptable
Evening 3It?<4 ?&i’ }5’3 Z2: acceptable Z2: acceptable Z2: unacceptable
Z3: acceptable Z3: unacceptable  Z3: unacceptable
Dgr';%:g“yng Light Shelf (LS)
155 41 18 Z1: acceptable Z1:unacceptable  Z1: unacceptable
Morning lux lux lUux Z2: acceptable Z2:unacceptable  Z2: unacceptable
Z3: acceptable Z3: unacceptable  Z3: unacceptable
280 45 o5 Z1: acceptable Z1:unacceptable  Z1: unacceptable
Afternoon lux lux lux Z2: acceptable Z2: unacceptable  Z2: unacceptable
Z3: acceptable Z3: unacceptable  Z3: unacceptable
Z1: acceptable Z1: unacceptable  Z1: unacceptable
Evening 135(2 ?3)? }35 Z2: acceptable Z2: unacceptable  Z2: unacceptable
Z3: acceptable Z3: unacceptable  Z3: unacceptable
Daylighting
Louvers (LO)
Strategy
185 40 19 Z1: acceptable Z1:unacceptable  Z1: unacceptable
Morning lux lux lux Z2: acceptable Z2: unacceptable  Z2: unacceptable
Z3: acceptable Z3: unacceptable  Z3: unacceptable
1982 247 192 Z1: acceptable Z1:unacceptable  Z1: unacceptable
Afternoon lux lux lux Z2: acceptable Z2: unacceptable  Z2: unacceptable
Z3: acceptable Z3: unacceptable  Z3: unacceptable
Z1: acceptable Z1: unacceptable  Z1: unacceptable
Evening 1I5u§<2 %SS }Sf Z2: acceptable Z2: unacceptable  Z2: unacceptable
Z3: acceptable Z3: unacceptable  Z3: unacceptable
Dgrl;%:é;]g Overhang (OV)
230 526 237 Z1: acceptable Z1: unacceptable  Z1: unacceptable
Morning lux Iu;< Iu;< Z2: acceptable Z2: unacceptable  Z2: unacceptable
Z3: acceptable Z3: unacceptable  Z3: unacceptable
249 55 39 Z1: acceptable Z1:unacceptable  Z1: unacceptable
Afternoon lux lux lux Z2: acceptable Z2: unacceptable  Z2: unacceptable
Z3: acceptable Z3: unacceptable  Z3: unacceptable
448 100 59 Z1: acceptable Z1:unacceptable  Z1: unacceptable
Evening Z2: acceptable Z2: unacceptable  Z2: unacceptable

lux

lux lux

Z3: acceptable

Z3: unacceptable

Z3: unacceptable
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Table 3: Comparison Simulation Daylighting Reading Table (CSDRT) for Illuminance (Case Study B)

Case Study B

Daylighting

Window Base Case

Strategy (WBC) Guideline
Zone Zone Zone CIBSE Lighting
Time/ Zone GBI Interior V1.3 MS1525: 2019 Guide 5: Lighting
! 2 3 for Education
Z1: acceptable Z1:unacceptable  Z1: unacceptable
Morning lli?(o ?3)? 1|i::’(4 Z2: acceptable Z2: unacceptable  Z2: unacceptable
Z3: acceptable Z3: unacceptable  Z3: unacceptable
Z1: acceptable Z1: unacceptable  Z1: unacceptable
Afternoon 1|t ?(4 ?EE 1&2’(0 Z2: acceptable Z2: unacceptable  Z2: unacceptable
Z3: acceptable Z3: unacceptable  Z3: unacceptable
Z1: acceptable Z1: unacceptable  Z1: unacceptable
Evening 1|t iZ ?33 1|::’§(9 Z2: acceptable Z2:unacceptable  Z2: unacceptable
Z3: acceptable Z3: unacceptable  Z3: unacceptable
Dgr';%:g“yng Light Shelf (LS)
_ 154 965 1416 Zlf acceptable Zlf unacceptable Zlf unacceptable
Morning lux lux lux Z2: acceptable Z2:unacceptable  Z2: unacceptable
Z3: acceptable Z3: unacceptable  Z3: unacceptable
Z1: acceptable Z1:unacceptable  Z1: unacceptable
Afternoon 1%(2 1&&(1 16(0 Z2: acceptable Z2: unacceptable  Z2: unacceptable
Z3: acceptable Z3: unacceptable  Z3: unacceptable
Z1: acceptable Z1: unacceptable  Z1: unacceptable
Evening 131?(7 ?Jf 1It:j<9 Z2: acceptable Z2: unacceptable  Z2: unacceptable
Z3: acceptable Z3: unacceptable  Z3: unacceptable
Daylighting
Louvers (LO)
Strategy
195 133 179 Z1: acceptable Z1:unacceptable  Z1: unacceptable
Morning lux lux lux Z2: acceptable Z2: unacceptable  Z2: unacceptable
Z3: acceptable Z3: unacceptable  Z3: unacceptable
196 139 184 Z1: acceptable Z1:unacceptable  Z1: unacceptable
Afternoon lux lux lux Z2: acceptable Z2: unacceptable  Z2: unacceptable
Z3: acceptable Z3: unacceptable  Z3: unacceptable
217 148 193 Z1: acceptable Z1: unacceptable  Z1: unacceptable
Evening lux lux lux Z2: acceptable Z2: unacceptable  Z2: unacceptable
Z3: acceptable Z3: unacceptable  Z3: unacceptable
Dgrl;%:é;]g Overhang (OV)
797 494 690 Z1: acceptable Z1: unacceptable  Z1: unacceptable
Morning lux lux lux Z2: acceptable Z2: unacceptable  Z2: unacceptable
Z3: acceptable Z3: unacceptable  Z3: unacceptable
775 596 791 Z1: acceptable Z1:unacceptable  Z1: unacceptable
Afternoon lux lux lux Z2: acceptable Z2: unacceptable  Z2: unacceptable
Z3: acceptable Z3: unacceptable  Z3: unacceptable
769 591 708 Z1: acceptable Z1:unacceptable  Z1: unacceptable
Evening Z2: acceptable Z2: unacceptable  Z2: unacceptable

lux lux lux

Z3: acceptable

Z3: unacceptable

Z3: unacceptable
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Table 4: Comparison Simulation Daylighting Reading Table (CSDRT) for Illuminance Case Study C

Case Study C

Daylighting
Strategy

Window Base Case

(WBC)

Guideline

Time/ Zone

Zone
1

Zone
2

Zone
3

GBI Interior V1.3

MS1525: 2019

CIBSE Lighting
Guide 5: Lighting
for Education

Morning

Afternoon

Evening

1506
lux

1856
lux

1497
lux

505
lux

606
lux

494
lux

323
lux

441
lux

325
lux

Z1: acceptable
Z2: acceptable
Z3: acceptable
Z1: acceptable
Z2: acceptable
Z3: acceptable
Z1: acceptable
Z2: acceptable
Z3: acceptable

Z1: unacceptable
Z2: unacceptable
Z3: acceptable
Z1: unacceptable
Z2: unacceptable
Z3: unacceptable
Z1: unacceptable
Z2: unacceptable
Z3: acceptable

Z1: unacceptable
Z2: unacceptable
Z3: unacceptable
Z1: unacceptable
Z2: unacceptable
Z3: unacceptable
Z1: unacceptable
Z2: unacceptable
Z3: unacceptable

Daylighting
Strategy

Light Shelf (LS)

Guideline

Morning

Afternoon

Evening

Z1: acceptable
Z2: acceptable
Z3: acceptable
Z1: acceptable
Z2: acceptable
Z3: acceptable
Z1: acceptable
Z2: acceptable
Z3: acceptable

Z1: unacceptable
Z2: unacceptable
Z3: unacceptable
Z1: unacceptable
Z2: unacceptable
Z3: acceptable
Z1: unacceptable
Z2: acceptable
Z3: unacceptable

Z1: unacceptable
Z2: unacceptable
Z3: unacceptable
Z1: unacceptable
Z2: unacceptable
Z3: unacceptable
Z1: unacceptable
Z2: unacceptable
Z3: unacceptable

Daylighting
Strategy

Guideline

Morning

Afternoon

Evening

988 405 268
lux lux lux
1331 541 358
lux lux lux
949 379 262
lux lux lux
Louvers (LO)
667 324 221
lux lux lux
358 397 298
lux lux lux
625 284 218
lux lux lux

Z1: acceptable
Z2: acceptable
Z3: acceptable
Z1: acceptable
Z2: acceptable
Z3: acceptable
Z1: acceptable
Z2: acceptable
Z3: acceptable

Z1: unacceptable
Z2: acceptable
Z3: unacceptable
Z1: acceptable
Z2: acceptable
Z3: unacceptable
Z1: unacceptable
Z2: unacceptable
Z3: unacceptable

Z1: unacceptable
Z2: unacceptable
Z3: unacceptable
Z1: unacceptable
Z2: unacceptable
Z3: unacceptable
Z1: unacceptable
Z2: unacceptable
Z3: unacceptable

Daylighting
Strategy

Overhang (OV)

Guideline

Morning

Afternoon

Evening

994
lux

1298
lux

1003
lux

379
lux

483
lux

381
lux

239
lux

322
lux

238
lux

Z1: acceptable
Z2: acceptable
Z3: acceptable
Z1: acceptable
Z2: acceptable
Z3: acceptable
Z1: acceptable
Z2: acceptable
Z3: acceptable

Z1: unacceptable
Z2: acceptable
Z3: unacceptable
Z1: unacceptable
Z2: unacceptable
Z3: acceptable
Z1: unacceptable
Z2: acceptable
Z3: unacceptable

Z1: unacceptable
Z?2: unacceptable
Z3: unacceptable
Z1: unacceptable
Z2: unacceptable
Z3: unacceptable
Z1: unacceptable
Z2: unacceptable
Z3: unacceptable

The CSDRT revealed that meeting all three guidelines simultaneously across every zone and
time phase for all daylighting strategies is impractical. However, it is feasible to satisfy two
guidelines, which can help determine the most effective daylighting strategy for specific zones.
Furthermore, the simulation results suggest that the medium-sized total window in Case Study
C’s existing conditions proves more efficient in achieving significant illuminance than the
smaller windows in Case Study A and larger ones in Case Study B.
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5. Conclusion

This study evaluates the effectiveness of various daylighting strategies in design studios of
HEIs in Malaysia through comprehensive simulations and comparative analysis against
established guidelines. The CSDRT revealed varying levels of effectiveness across different
strategies, case studies, and time phases. Key findings include the high effectiveness of louvers
in Case Study A, promising results for the window base case strategy in Case Studies B and C,
and varying performance of light shelves and overhangs. While all case studies met the Green
Building Index (GBI) guideline, none fully met the Chartered Institution of Building Services
Engineers (CIBSE) standards, with certain strategies and zones meeting the MS1525: 2019
standard.

The research underscores the importance of aligning simulation studies with established
guidelines for optimising daylighting and energy efficiency in educational buildings. However,
limitations such as limited sample size and lack of consideration for seasonal variations were
noted. Future studies could expand the sample size, conduct year-long simulations, incorporate
post-occupancy evaluations, and integrate energy consumption data to address these. By
addressing these aspects. Future research can provide more robust and applicable insights for
optimising daylighting in educational spaces, contributing to both energy efficiency and
improved learning environments in HEISs.
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