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Abstract. This study examines the relationship between the building envelope and the indoor 
environment quality, with a specifical focus on visual and thermal comfort. Factors 
contributing to visual comfort include illuminance and light distribution, while thermal 
comfort is primarily influenced by air temperature. The research centers on the north façade 
of the Educational Building at the University of Indonesia, Pusgiwa, particularly the 4th floor 
classroom, to evaluate how the sun-shading system and glazing materials influence lighting and 
temperature conditions. By analyzing the existing design and materials, the study investigates 
potential interventions to enhance illuminance, daylight availability, and operative 
temperature within the classroom. The methodology includes calculating solar angles and 
simulating various sun-shading and glazing material scenarios using Rhinoceros and 
Grasshopper software. The results indicate that installing horizontal, multi-layered overhang 
shading with optimal spacing can increase daylight availability and reduce indoor air 
temperature. Furthermore, the use of materials with a low U-Value and Solar Heat Gain 
Coefficient (SHGC), such as Low-E double glazing, is recommended to further improve indoor 
environmental quality. These findings provide valuable insights and recommendations for 
enhancing visual and thermal comfort in both existing and future buildings at Pusgiwa and 
similar facilities. 
 
Keywords: Visual comfort; thermal comfort; building envelope; sun shading system; glazing 
material 

 
1. Introduction  

Globally, buildings contribute approximately 30% of energy consumption for operational use 
(IEA, 2023). In the context of non-residential buildings, educational institutions are among the 
highest energy consumers, responsible for 15–20% of the total energy use in this category 
(Antoniadou & Papadopoulos, 2017). This high level of consumption is primarily driven by the 
need to maintain indoor environmental comfort and meet various operational requirements in 
spaces occupied by large numbers of people for extended periods. Building operations are closely 
tied to human occupancy, with studies showing that individual spend 60–90% of their time 
indoors. 
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A building’s indoor environmental quality is primarily determined by its envelope, which 
serves as the primary barrier against external environmental conditions. The envelope's perfor-
mance directly influences thermal comfort by regulating heat exchange and visual comfort by 
managing daylight penetration. Thermal comfort depends on the envelope's ability to minimize 
heat transfer, thereby reducing the energy needed for temperature regulation (Elghamry & 
Hassan, 2020). Similarly, visual comfort is achieved through optimal control of natural light, as 
excessive daylight can cause glare and discomfort, while insufficient daylight increases reliance 
on artificial lighting (Descottes & Ramos, 2011; Russell, 2012). 

Solar radiation significantly influences indoor thermal conditions, particularly with glazing 
materials, which are key components of the building envelope. The physical properties of the 
glazing system affect not only the building's energy efficiency but also the thermal comfort of 
occupants, especially in the perimeter zones. These effects are driven by the amount of solar 
radiation entering the space and the resulting changes in mean radiant temperature (MRT) 
(Hwang et al., 2023). MRT represents the average temperature of all surrounding surfaces in a 
room, weighted by their areas and heat emissions (Hawks & Cho, 2024).  Additionally, the type of 
glazing also affects visible light transmission, another component of solar radiation. Conventional 
glazing typically exhibits high visible light transmittance, which enhances the availability of 
natural lighting (Medved et al., 2019). The increased natural lighting can reduce reliance on 
artificial lighting, thereby lowering overall energy consumption.  

In Indonesia’s tropical climate, solar radiation levels are notably high, averaging between 3 
and 4.6 kWh/m² per day (The World Bank, 2017). This highlights the importance of using sun-
shading devices to optimize building energy efficiency. In Jakarta, the impact of this solar radiation 
on energy consumption is evident in the dominant role of heating, ventilation, and air conditioning 
(HVAC) systems, which account for 47–65% of total building energy use. Lighting and plug loads 
contribute an additional 15–25% (Dinas Pengawasan dan Penertiban Bangunan, 2014). These 
figures highlight the significant role of HVAC systems in maintaining indoor environmental 
comfort and underscore the potential for significant energy savings through improved building 
performance, especially in educational spaces, where thermal and visual comfort are essential for 
the well-being and productivity of students (Lamberti et al., 2021). 

To address these challenges, passive design strategies have developed as a sustainable 
solution to enhance the performance of building envelopes. These strategies include the use of 
shading devices and high-performance glazing materials. Shading devices reduce solar heat gain 
and excessive glare while still allowing adequate daylight to enter the building. High-performance 
glazing minimizes heat transfer while maintaining clear visibility through the glass (Mushtaha et 
al., 2021). Together, these strategies improve indoor thermal and visual comfort but also 
contribute to significant energy savings, supporting global sustainability goals. 

The objective of this study is to explore the potential application of shading devices and high-
performance glazing as strategies to optimize thermal and visual performance in educational 
buildings, with a particular focus on their impact on indoor environmental quality. Through 
detailed simulations and analyses, this research aims to propose building envelope configurations 
suitable for tropical climates, emphasizing their optical and thermal properties to support 
sustainable design solutions. 

This study specifically examines how sun-shading systems and high-performance glazing can 
enhance both thermal and visual comfort in educational buildings located in tropical climates, 
such as Indonesia. Given the high levels of solar radiation in these regions, the study evaluates the 
potential of these strategies to optimize indoor environmental conditions. By simulating and 
analyzing various design configurations, the research aims to achieve a balance between natural 
lighting and thermal regulation, offering practical solutions to improve building performance. 
Additionally, the use of design tools, particularly through the application of Grasshopper for 
simulating façade interventions, demonstrates the effectiveness of these methodologies. This 
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approach provides a valuable framework for future research and offers new perspectives on 
optimizing building performance in similar climatic contexts. 

2. Literature review 

2.1 Thermal and visual comfort 

According to ASHRAE 55-2010 on Thermal Environmental Conditions for Human Occupancy, 
thermal comfort is defined as a state of mind that expresses satisfaction with the thermal 
environment, typically assessed through subjective evaluation. Parsons (2014) identifies several 
factors influencing thermal comfort, including environmental variables such as air temperature, 
air velocity, humidity, and mean radiant temperature, as well as personal factors like activity level 
and clothing insulation. Indoor environmental quality is significantly affected by heat transfer 
through the building envelope. The heat transfer occurs due to temperature differences and 
involves the exchange of energy between materials: solid, liquid, or gas, through conduction, 
convection, and radiation (Lechner, 2015). In Indonesia, SNI 03-6572-2001 specifies that the 
optimal air temperature range for thermal comfort is between 22.8°C and 25.8°C (BSN, 2001). 

In addition to thermal comfort, visual perception plays a crucial role in indoor environmental 
quality. It is shaped by the interaction between materials and light (Descottes & Ramos, 2011). 
Vision is essential for processing environmental information, as most people rely heavily on sight 
to interpret their surroundings. This involves the creation, reflection, absorption, and translation 
of light, enabling perception through the visual system (Russell, 2012). The quality of lighting is 
influenced by factors such as color, brightness, and glare, all of which contribute to visual comfort. 
Visual comfort is generally defined as satisfaction with lighting conditions that allow individuals 
to perform visual tasks without strain (Ganslandt & Hofmann, 1992). A key parameter influencing 
visual comfort is the lighting level or illuminance, which refers to the amount of light distributed 
over a surface (Bluyssen, 2013). According to Indonesia’s energy conservation standard for 
lighting systems (SNI 6197:2020), the recommended average illumination level in educational 
buildings ranges from 350 to 750 lux (BSN, 2020), with a minimum of 350 lux required in 
classrooms. Additionally, Green Building Council Indonesia (GBCI) assessments recommend that 
at least 30% of the work floor area should receive adequate natural daylight to promote energy 
efficiency and visual comfort. 

2.2 Building envelope 

The building envelope includes all components that separate the interior of the structure 
from the external environment (Luo et al., 2019). Typically, there are two primary types of 
building envelope systems: opaque and transparent. Opaque systems comprise walls, roofs, floors, 
and insulation, whereas transparent systems consist of windows, skylights, and glass doors, as 
depicted in Figure 1 (Najafi & Faizi, 2017; Jegede & Taki, 2022; Mirrahimi et al., 2016).  

Several parameters influence the effectiveness of building envelopes. Design-related factors, 
such as building shape and orientation, window-to-wall ratio (WWR), and shading strategies, are 
essential. Furthermore, material and construction-related factors, including material selection, 
thermal properties, layering, thickness, and infiltration rates, also play critical roles in overall 
performance (Yousefi et al., 2017). When effectively integrated, these envelope design strategies 
can significantly enhance thermal performance and visual comfort, leading to reduced energy 
consumption and increased occupant satisfaction. Therefore, this study focuses on facade shading 
and glazing types as key strategies to reduce heat transfer through the building envelope. 

2.2.1 Shading 

Effective shading design is a crucial strategy for minimizing heat gain and reducing cooling 
loads. According to Shah et al. (2023), shading can be categorized into three types: internal 
shading, such as curtains and blinds; intermediary shading, located between glass panes; and  
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Figure 1. Building envelopes in architecture. Adapted from Najafi and Faizi (2017), Jegede and Taki (2022); 

Mirrahimi et al. (2016) 

external shading, positioned on the building's exterior facade. However, the use of sun-shading 
devices also influences the amount of daylight entering the building. Properly design shading can 
increase Useful Daylight Illuminance (UDI) by optimizing natural light penetration, thereby 
enhancing visual comfort and reducing glare (Talaei & Sangin, 2024). By effectively utilizing 
daylight, electric lighting usage can be reduced by up to 50% (Htet et al., 2023). Therefore, the 
implementation of sun-shading devices must consider indoor lighting conditions to achieve a 
balance between energy efficiency and visual comfort. 

Properly designed shading should consider both the Horizontal Shadow Angle (HSA) and the 
Vertical Shadow Angle (VSA) to optimise performance (UN Habitat, 2018). The HSA measures the 
effectiveness of vertical shading devices and represents the difference in azimuth (AZI) between 
the sun's position and the orientation (ORI) of the building façade under analysis. It can be 
calculated using Equation (1). 

  HSA = AZI - ORI                 (1) 

The VSA is essential for horizontal shading devices or assessing the shadows they cast. It is 
defined as the angle between the horizontal plane of the analyzed façade and a tilted plane that 
includes either the sun or the edge of the shading device. The VSA can be calculated using Equation 
(2). 

𝑉𝑆𝐴 = arctan ( 
tan(𝑎𝑙𝑡𝑖𝑡𝑢𝑑𝑒)

𝑐𝑜𝑠   (𝐻𝑆𝐴)
)                                                         (2) 

Numerous studies have shown that external shading devices are particularly effective in 
reducing heat gain through the façades, while also enhancing daylight autonomy and glare control. 
For example, Koç and Maçka Kalfa (2021) demonstrated that combining various shading devices 
with high-performance glazing can reduce cooling energy consumption by 37% to 49% in 
Mediterranean climates. Similarly, Shah et al (2023) found that the greatest reduction in cooling 
load, up to 34%, was achieved using a specific configuration of horizontal shading. In contrast egg-
crate and vertical shading systems did not yield comparable reductions. This energy saving is 
primarily due to the ability of shading devices to block unwanted solar radiation, thereby reducing 
heat transfer into the building. As a result, indoor temperatures decrease and the cooling load is 
significantly reduced. Additionally, Ho et al. (2008) found that implementing a double-layered 
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vertical sun-shading system in a classroom in Taiwan reduced lighting power costs by 
approximately 71.5%, demonstrating the dual benefits of effective shading for both thermal and 
visual performance. 

2.2.2 Glazing 

Another important parameter affecting building performance is the use of glass, which has 
become increasingly popular in modern architecture. Glazing plays an essential role in 
establishing a connection between indoor spaces and the natural environment by maximizing 
daylight penetration (Babitharani et al., 2022). Large glazed surfaces on façades or roofs enhance 
daylight availability, thereby reducing dependency on artificial lighting and creating a visually 
open and welcoming interior.  

However, as Lechner (2015) highlights, extensive use of glass can significantly contribute to 
heat gain, with approximately 90% of solar radiation passing through clear glass and increasing 
indoor heat levels. Heat gain occurs primarily through conduction, convection, and radiation 
across the building envelope. When sunlight strikes glazing, it may be transmitted, reflected, or 
absorbed, depending on the material’s optical properties. Four key parameters are commonly 
used to evaluate the performance of glazing and windows: the overall heat transfer coefficient (U-
value), Visible Transmittance (VT), Solar Heat Gain Coefficient (SHGC), and emissivity. These 
parameters have a significant influence on the amount of heat transmitted through windows 
(Kahsay et al., 2020).  

VT is a metric used to assess the transparency of glazing materials, representing the amount 
of visible light that passes through the window. The SHGC quantifies the amount of solar thermal 
energy transmitted through the glazing, either directly or indirectly (i.e. absorbed by the glazing 
and subsequently released indoors). The U-value, on the other hand, measures heat transfer 
through a window due to the temperature difference between the indoor and outdoor environ-
ments, indicating the window's insulation performance and associated heat loss (Rezaei et al., 
2017). Selecting the appropriate type of glass is essential for maximizing daylight while 
minimizing unwanted heat transfer. 

A study by Ahmed et al. (2023) found that the use of double glazing with a gray tint can reduce 
annual heating energy consumption by up to 127 kWh. Among glazing parameters, SHGC had the 
most significant effect on energy performance, influencing heating and cooling loads by 22.13%, 
while U-value and VLT had comparatively smaller impacts of 12.4% and 4.78%, respectively. 
Similarly, Lee et al. (2023) reported that SHGC plays a critical role in energy efficiency, particularly 
in buildings with high WWR. maintaining SHGC values at or below 0.4% is beneficial for energy 
efficiency, as higher SHGC levels contribute to increased cooling loads. 

In tropical climates, a study by Al-Tamimi and Fadzil (2011) demonstrated that replacing 
single clear glass with double reflective glass in a residential building can reduce indoor air 
temperature by up to 5.1°C in unventilated rooms and 1.3°C in ventilated rooms on the hottest 
days.  Another study conducted on an office building in Lisbon, Portugal by Teixeira et al. (2022), 
showed that thermochromic glass provides a higher percentage of working hours with adequate 
illuminance (80%–88%) compared to conventional clear glazing (64%–74%). However, it is less 
effective at reducing glare than clear glazing with a reflective solar control film, which achieved 
94%–96% of working hours with minimal glare. Finally, Table 1 summarizes key findings and 
trends from previous studies on shading and glazing systems.  

2. Research method 

3.1 Method  
The study methodology consists of three main steps (Figure 2). The initial phase involved a 

literature review to gather information on thermal and visual comfort in buildings, with a focus
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Table 1. Literature review 

Variable State of review Context Performance Reference 

Shading 
system 

Louvres shading Spain Reducing the average temperature near the glass by more than 
5°C and the average operative temperature throughout the 
classroom by nearly 3°C 

(Pérez-Carramiñana et al., 
2024) 

An egg-crate shading 
device 

Malaysia Decrease indoor air temperature and extend indoor comfort 
hours by 26% 

(Gupta & De, 2024) 

Horizontal Angled 
Projection with 50° Tilt 

Singapore Temperature reduction of approximately 41.32% compared to 
the baseline 

(Shah et al., 2023) 

External shading Madagaskar Reduces indoor air temperature, with an average decrease of 
approximately 0.04°C 

(Nematchoua et al., 2020) 

Horizontal shading with 
slats 

China Reduce Spatial Daylight Glare Probability (sDGP) by 49-53% 
and increase Spatial Useful Daylight Illuminance (sUDI) by 
35.77% to 35.99% 

(Zheng et al., 2025) 

Horizontal Louvre 
Shading 

Iran An increase in UDI of 15.10% (Talaei & Sangin, 2024) 

Fin Shading Indonesia Reduce excessive lighting in certain areas, such as in the lobby, 
where it initially reached 750 lux, to a slevel more aligned with 
the required standard, approximately 316.8 lux 

(Yulianti et al., 2021) 

Horizontal shading  Decreasing excessive illumination by up to 70% with the use of 
wider shading devices 

(Lim & Kim, 2010) 

Glazing 
System 

Double Low-E clear glass Indonesia 25.94% reduction in cooling energy demand (Ardiani et al., 2024) 
Thermochromic glazing Africa Reduce indoor temperature up to 10°C during the summer (El Khattabi et al., 2023) 

Double dynamic 
insulated glazing 

Saudi Arabia Reduce the room temperature by 2.5 °C (Qahtan & Almawgani, 2022) 

Electrochromic Glazing Swiss Using glass with a transmittance of 0.14%, the discomfort level 
for users is only 16%, compared to 89% discomfort when using 
glass with a transmittance of 1.6% 

(Jain et al., 2022) 

Colored glass Saudi Arabia Reducing light transmission from 24% (transparent glass) to 
13% (colored glass) 

(Qahtan & Almawgani, 2022) 

Colored Glass China Highest reduction in transmittance occurs with grey glass 
(0.69), while the smallest reduction occurs with green glass 
(0.23) 

(Chen et al., 2019) 
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on identifying key parameters that would serve as the foundation for proposed interventions. This 
review included an exploration of passive design strategies aimed at improving comfort, such as 
shading systems design and glazing materials. Additionally, microclimate data, including solar 
radiation and existing information on Pusgiwa, such as its location, current shading system and 
glazing materials used in its building envelope, were collected to support the simulation process. 

Based on the literature review, commonly used shading types: horizontal, vertical, and egg-
crate, were selected for analysis. The dimensions of these shading devices were calculated by 
analyzing the solar incident angles to optimize shading performance. Sun path simulations using 
Solarcast tools were employed to determine the HSA and VSA, ensuring that the shading elements 
were properly that balance solar protection with sufficient daylight penetration. Additionally, 
alternative glazing materials were identified based on their SHGC, Solar Coefficient (SC), and VT 
values, as well as their availability in the Indonesia market. These findings formed the basis for 
developing material selection scenarios for subsequent simulations. 

Subsequently, a solar radiation simulation was performed on the existing Pusgiwa UI model 
using Grasshopper and Honeybee plugin to determine the most appropriate façade orientation for 
the case study. Following the selection of the orientation, the research proceeded with an 
assessment of indoor thermal and visual performance, focusing on mean radiant temperature, 
operative temperature, daylight autonomy, and illuminance. Simulations were conducted using 
the existing model and the intervention scenarios developed based on the literature review. 
Finally, the results of each scenario were compared with the base model and evaluated against 
relevant regulatory standards. 

The research outcomes focused on identifying effective sun-shading systems and evaluating 
the impact of alternative glazing materials. These strategies aimed to reduce indoor temperatures 
while ensuring adequate illumination in compliance with applicable standards. The findings 
 

 
Figure 2. Research workflow 
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provide practical recommendations for optimizing thermal and visual comfort in the Pusgiwa 
building by balancing energy efficiency with regulatory compliance. 

3.2 Case study 
The Pusgiwa Building at UI, located on Jl. Prof. Dr. Fuad Hassan in Depok City, West Java, 

Indonesia, has served as the main center for student activities since it completion in 2018 (Figure 
3). This building was selected as a case study to examine its existing façade and envelope system, 
and to explore alternative designs that could reduce heat gain while maintaining sufficient indoor 
light levels. This selection was based on its location in a hot, humid tropical climate (latitude 
6°21'55.3" S, longitude 106°49'28.1" E), which poses particular challenges for indoor comfort and 
energy efficiency, due to the region’s consistently high cooling demands.  

The building houses a variety of functions, including student learning centers, offices, and 
classrooms, each with distinct occupant comfort requirements. The north and south-facing sides 
of the building are designated as conditioned spaces, while the west and east sides serve as service 
areas, such as elevators, emergency staircases, and restrooms. The north and south façade feature 
a WWR of 35% and 32% respectively. While these allow abundant daylight into the building, they 
also contribute to increased energy consumption due to solar heat gain. Table 2 summarizes the 
general characteristics of the building. 

To address these challenges, solar radiation simulations were performed on the building's 
north and south façade to identify which side receives more sunlight throughout the year and 
should therefore be prioritized for envelope performance analysis. Various configurations of 
shading devices and glazing materials were evaluated to identify potential performance 
improvements. In addition, scenarios involving adjustments to the WWR were simulated and 
compared against the baseline to assess their impact. These scenarios aimed to determine which 
design modifications would most effectively reduce indoor temperatures while maintaining 
sufficient daylight for occupant comfort. 

 
Figure 3. Study case: Pusgiwa building University of Indonesia 

Table 2. General information of Pusgiwa UI 

Name Pusat Kegiatan Mahasiswa UI (Pusgiwa UI) 

Location Jl. Prof. Dr. Fuad Hassan, Kukusan, Kecamatan Beji, Kota Depok, Jawa Barat 

Total Area 19.499,92 m2 

Floor 8 Story Building 

Function Facilities for student and office activities 
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3.2.1 Field observation 

Field observations conducted on March 21, 2024, from 12:00 to 14:00, revealed uneven 
lighting conditions in the classrooms located on the north side of Pusgiwa UI building. When 
relying solely on natural lighting, areas near the windows experienced excessive illumination, 
while areas farther from the windows were inadequately lit. Measurements taken using an Opel 
light meter recorded a peak illuminance of approximately 2,739 lux. In terms of thermal 
conditions, the data showed a rising trend in indoor temperatures. Measurements using a HOBO 
data logger showed an average indoor temperature of 28.83°C during the observation period. 

3.2.2 Simulation setup 

The base model's dimensions and materials were derived from the As-Built drawings of the 
classroom located on the fourth floor of the Pusgiwa UI building (Figure 4). The WWR on the north 
façade was 34%, with Autoclaved Aerated Concrete (AAC) blocks used for the external walls and 
8 mm clear glass as the glazing material. This type of glass has an average U-Value of 5.70 and a 
VT of 0.92, indicating a high potential for transmitting both solar heat and daylight. The operable 
window module measured 1.6 m × 1.7 m and was applied to a simplified classroom model with a 
total room volume of 479.14 m³, as illustrated in Figure 5. This model was used to evaluate MRT, 
illuminance, daylight autonomy, and UDI using the Grasshopper simulation tool. 

3.2.3 Simulation setup 

Based on climate data from WeatherSpark (2024), temperatures in Depok typically range 
between 22°C and 33°C throughout the year. In 2024, the highest recorded temperature occurred 
in October, reaching 36°C, while average wind speeds ranged from 1.9 to 3.0 m/s. Additionally, 
average daily solar radiation varied between 5.9 to 6.2 kWh/m², indicating significant solar 
exposure year-round. 

To analyze the microclimate at the study site, solar radiation simulations were conducted 
using the Grasshopper and Honeybee plugins. These simulations assessed the annual solar 
radiation received by the north and south façades, where the conditioned spaces are located. The 
results indicated that the north façade received more solar radiation than the south façade, with 
 

 
Figure 4. Simulation setup; a) North facade of Pusgiwa building, b) 4th floor classroom modelling,                    

c) existing window modelling, d) Sun path 



SUSTINERE: Journal of Environment & Sustainability, Volume 9 Number 2 (2025), 128-145                                    137  

an annual average of 785.91 kWh/m² (Figure 5). This finding highlights the importance of 
implementing design interventions on the north façade to mitigate heat gain while optimizing 
natural daylighting. 

3.3 Scenario 
3.3.1 Shading scenario 

The selected shading scenarios included horizontal, vertical, and louver shading devices, 
with dimensions determined based on the HSA and VSA. The effectiveness of these devices was 
evaluated by calculating the angles during the solar equinox and solstice periods (Table 3). Using 
Depok's orthographic sun path diagram and sun angle calculator, the analysis revealed that June 
21 corresponds to the sun's lowest position in the sky. 

Shading calculations were performed using solar data for the month of June. The results 
indicated that the VSA reached its minimum at 4:00 p.m. and its maximum at 12:00 noon. 
Similarly, the HSA peaked at 11:00 a.m. and 12:00 noon, as summarized in Table 4. Based on these  

 
Figure 5. Solar radiation simulation on north and south façade 

Table 3. Solar angle 

Dates Solar 
angle 

Duration 
8 a.m. 9 a.m. 10 a.m. 11 a.m. 12 a.m. 1 p.m. 2 p.m. 3 p.m. 4 p.m. 

21 Mar 2024 
Azimuth 85.92° 83.14° 78.36° 66.12° 359.6° 293.84° 281.73° 276.97° 274.22° 
Altitude 29.81° 44.64° 59.35° 73.61° 83.21° 73.51° 59.25° 44.53° 29.70° 

21 Jun 2024 
Azimuth 60.22° 53.47° 42.22° 23.64° 357.50° 332.34° 315.29° 305.04° 298.88° 
Altitude 25.53° 38.03° 49.14° 57.36° 60.17° 56.19° 47.28° 35.84° 23.18° 

21 Sep 2024 
Azimuth 85.11° 82.01° 76.27° 59.26° 332.46° 289.64° 280.32° 276.19° 273.65o 
Altitude 33.27° 48.08° 62.74° 76.67° 82.25° 70.23° 55.80° 41.05° 26.21° 

21 Dec 2024 
Azimuth 113.74° 117.26° 125.59° 145.71° 187.09° 222.42° 222.42° 237.73° 244.16° 
Altitude 32.12° 45.59° 58.37° 72.79° 82.25° 66.18° 54.60° 41.53° 27.97° 

Table 4. HSA and VSA calculation 

Date: 21 June 2024 

Time 
Solar angle (o) 

HSA VSA 
Overhang Depth 

(mm) 
Fin Depth 

(m) Altitude (β) Azimuth (α) 
8 25.53 60.22 60.22 43.88 177 092 

9 38.03 53.47 53.47 52.73 129 119 

10 49.14 42.22 42.22 57.36 109 176 

11 57.36 23.64 23.64 59.60 100 366 

12 60.17 357.5 357.5 60.19 097 3665 

13 56.19 332.34 332.34 59.33 101 305 

14 47.28 315.29 315.29 56.72 112 162 

15 35.84 305.04 305.04 51.52 135 112 

16 23.18 298.88 298.88 41.56 192 088 
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values, the maximum required overhang depth was determined to be 1.92 meters, while the 
maximum fin width is 3.66 meters. Additionally, the louver shading device, which integrating both 
horizontal and vertical elements, was optimized using a combination of HSA and VSA calculations. 

Based on the data, various alternative configurations for sun-shading simulation analysis 
are presented in Table 5. Type A represents horizontal shading with several overhang spacing 
options, Type B represents vertical shading with different fin spacing configurations, and Type C 
features louver shading with maximum depth. In developing these alternatives, the spacing 
between shading elements was adjusted to correspond with the dimensions of the window height 
and width. Simulations will be conducted for June 21st to evaluate performance during the summer 
solstice. 

3.3.2 Glazing scenario 
For the glass material scenarios, properties such as U-Value, SHGC and VT will be analyzed 

to evaluate their performance in enhancing thermal comfort and energy efficiency, as shown in 
Table 6. These variables are sourced from data provided by glass manufacturers in Indonesia to 
ensure relevance to local conditions. 

The research outcomes present optimized combination of shading systems and glazing 
material adjustments designed to reduce indoor temperatures and enhancing daylight conditions, 
while complying with applicable regulatory standards for the Pusgiwa UI building. The results 
provide practical recommendations for sun-shading configurations that enhance both thermal 
and visual comfort. 

Table 5. Shading system configuration 

External shading type Configuration 

Baseline model Baseline Overhang depth (w = 600 mm) 
Type A: Horizontal overhang S1 Horizontal overhang (w = 1950 mm) 

S2 Horizontal multiple overhang (w = 960 mm, a = 850 mm) 
S3 Horizontal multiple overhang (w = 680 mm, a = 600 mm) 
S4 Horizontal multiple overhang (w = 460 mm, a = 400 mm) 

Type B: Vertical fin S5 Vertical fin (d = 1800 mm, a = 1600 mm) 
S6 Vertical multiple fin (d = 890 mm, a = 800 mm) 
S7 Vertical multiple fin (d = 560 mm, a = 500 mm) 
S8 Vertical multiple fin (d = 450 mm, a = 400 mm) 

Type C: Louvre S9 Egg-crate (w = 1000 mm, d = 1000 mm) 

W= Width, A= Jarak antar shading 

 

Table 6. Glazing material properties 

Alternative 

scenarios 

Material properties 

Glazing type 
U-Value 

(W/m2∙K) 
SHGC 

Visible 

transmittance  

(VT) 

Baseline Clear glass (8 mm) 5.70 0.86 0.93 

Alternative 1 (A1) Single, tinted glass (6 mm) 5.70 0.58 0.15 

Alternative 2 (A2) Single. low-E (8 mm) 3.90 0.56 0.67 

Alternative 3 (A3) Double-layer, low-E  

(8 mm + 12 mm 100% Air + 8 mm clear) 

1.60 0.25 0.60 
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3. Result and discussion 

4.1. Result of shading-type scenarios 
4.1.1. Visual performance 

The performance of sun-shading devices and daylighting often conflict; improving sun-
shading typically reduces daylighting effectiveness. This study aims to minimize direct solar ra-
diation that causes excessive lighting while enhancing indoor natural lighting by up to 30% 
through the use of exterior shading devices. The daylighting performance analysis assesses 
whether these exterior devices can balance natural lighting needs while reducing illuminance to 
meet required standards. 

Based on the simulation results presented in Figure 6, the average illuminance under 
existing conditions was 2033.51 lux, with particularly high levels in the perimeter zones, reaching 
up to 2,200 lux. These values significantly exceed the standard average illuminance for class-
rooms, which is 350 lux. After implementation shading scenarios, the results demonstrate that 
horizontal and louver shading effectively reduce excessive daylight entering the building, bringing 
the average illuminance closer to acceptable levels. Specifically, the use of horizontal multiple 
overhangs shading with a width of 960 mm and a spacing of 850 mm (S2) produced simulation  
 

 

 
Figure 6. Illuminance result of various shading system 
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results most closely aligned with the standard throughout the year.  In contrast, vertical shading 
was found to increase illuminance by up to 95.05%. 

The use of shading also affects the UDI, which represents the percentage of annual hours 
during which indoor illuminance falls within a defined optimal range. Horizontal shading 
improved UDI by 1.98–6.32% compared to the baseline. In particular, the implementation of a 
horizontal multiple overhangs with a width of 680 mm and a spacing of 600 mm (S3) increased 
UDI by 6.5%. In contrast, vertical shading generally reduced UDI by up to 31.7%. 

On the other hand, the use of shading can also affect DA, which represents the percentage of 
floor area adequately illuminated by natural daylight. According to the GBCI rating system for 
Green Buildings, natural lighting should cover at least 30% of the floor area. However, simulation 
results indicated that the average DA in this study ranged only from 11.7% to 29.97%, with the 
highest DA achieved using horizontal single overhang shading. Figure 7 presents the average 
values of DA and UDI calculated for each type of exterior shading device. Based on the visual 
performance analysis, the findings indicate that vertical fins are the least effective option in this 
context. 

4.1.2. Thermal performance 
In addition to influencing visual performance, shading also affects indoor temperatures. 

This study analyzed the impact of various shading types on MRT and operative temperature (OT). 
OT represents the average thermal condition of a space, considering both air temperature and 
radiant heat from surrounding surfaces. Based on the simulation results (Figure 8), the shading 
scenarios reduced MRT by up to 1.05°C and OT by up to 0.52°C. 

 
Figure 7. Daylight autonomy (DA) and UDI’s result of various shading system 

 
Figure 8. MRT and OT result for various shading systems 

0

10

20

30

40

50

60

70

80

Baseline S1 S2 S3 S4 S5 S6 S7 S8 S9

P
er

ce
n

ta
ge

 (
%

)

Shading type

DA

UDI<100-750

28.21

27.82 27.8 27.74 27.75

28.33
28.19 28.14 28.1

27.69

29.43

28.65 28.6
28.48 28.5

29.67

29.39
29.29

29.21

28.38

26.5

27

27.5

28

28.5

29

29.5

30

Baseline S1 S2 S3 S4 S5 S6 S7 S8 S9

O
C

Shading type

OT

MRT



SUSTINERE: Journal of Environment & Sustainability, Volume 9 Number 2 (2025), 128-145                                    141  

The largest temperature reduction was achieved with louver shading, resulting in an OT of 
27.69°C and an MRT of 28.38°C. However, this configuration still falls short of thermal comfort 
standards, which recommend temperatures between 22.8 and 25.8°C for optimal comfort. 

4.2. Result of glazing material 
In this section, simulations combine horizontal overhang shading with various glazing 

materials to enhance the performance of the building envelope. The analysis evaluates key 
variables such as the SHGC, U-Value, and VT, which are critical indicators of glazing performance.  

Simulation results indicate that the using different glazing material scenarios can improve 
UDI by 1.93 to 6.63% compared to baseline. The highest UDI value, 68.55%, was achieved with 
the combination of horizontal multiple overhang (960 mm in width, spaced 850 mm apart) paired 
with double-layer low-E glass (S2+A3). However, the DA for this configuration only reached 
22.86% (Figure 9). 
 

 

Figure 9. Simulation Results of UDI, DA, MRT, and OT for various combination scenarios 
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On the other hand, an average MRT of 28.32°C and an OT of 27.68°C were achieved by 
combining horizontal multiple overhang shading (680 mm wide, space 600 mm apart; S3) with 
double-layer low-E glass (A3). This scenario resulted in the greatest reductions in MRT and OT, 
with reductions of 1.1°C and 0.55°C, respectively. 

4.3. Discussion 
The findings of this study highlight the effectiveness of passive design strategies in enhancing 

indoor environmental quality, particularly in educational buildings located in tropical climates. 
The integration of horizontal multiple overhangs and low-emissivity double glazing proved 
successful in reducing both excessive daylight and indoor temperature, reinforcing theoretical 
principles related to solar control and thermal regulation in building envelopes (Lechner, 2015). 

Simulation results showed that the application of horizontal multiple overhangs significantly 
reduced average indoor illuminance from over 2000 lux to approximately 940–1140 lux. This 
aligns with the findings of Zheng et al. (2025), who demonstrated that horizontal louvre shading 
systems can effectively mitigate glare, reducing spatial daylight glare probability (sDGP) by over 
50%. While their study focused primarily on glare, both findings support the role of external 
horizontal shading in improving daylight quality and visual comfort. 

Thermal performance also showed measurable improvement. The combination of horizontal 
shading (680 mm width, 600 mm spacing) with double-layer low-E glazing (U-value 1.6 W/m²∙K, 
SHGC 0.25) resulted in a reduction in MRT by 1.1°C and OT by 0.55°C. These results are consistent 
with findings of Al-Tamimi and Fadzil (2011), who reported up to a 5.1°C reduction in air 
temperature using reflective double glazing. The smaller reduction observed in this study may be 
attributed to differences in glazing type, building function, and measurement methods. 

Despite improved thermal and lighting performance, daylight autonomy in this study 
remained below the 30% threshold recommended by GBCI, reaching a maximum of 22.42% in the 
most effective configuration. This finding reflects a common trade-off in passive design, where 
fixed shading devices, while effective at reducing heat and glare, can also limit the penetration of 
useful daylight. Future studies may explore dynamic or adaptive shading systems that respond to 
solar conditions to address this limitation. 

Lastly, orientation-based differences in performance were evident. Horizontal shading 
proved more effective than vertical fins on the north-facing façade, reducing both solar exposure 
and indoor illuminance. This finding supports the recommendations of  UN Habitat (2018), which 
states that horizontal shading devices are suitable for north- and south-facing façades to block 
high-angle sun. 

4. Conclusion 
This study emphasizes the importance of optimizing building envelope designs as a key 

strategy for enhancing occupant comfort in tropical educational buildings. By integrating passive 
design strategies, such as shading devices and high-performance glazing, it becomes possible to 
effectively manage excessive lighting, improve indoor daylight availability, and reduce indoor 
temperatures. These interventions demonstrate that a well-designed envelope not only minimizes 
solar heat gain but also ensures sufficient natural lighting, addressing both thermal and visual 
comfort for building occupants. 

The findings underscore the value of context-specific design, where shading configurations 
and glazing properties are carefully tailored to building orientation and solar exposure. Among 
the tested alternatives, the combination of horizontal overhangs and double low-E glazing 
(S3+A3) delivered the most favorable indoor conditions, validating the synergy between shading 
geometry and glazing performance. 

This research contributes to the growing body of knowledge on passive design strategies in 
tropical environments and highlights their potential to support energy-efficient, occupant-centric 
architecture. Future studies should investigate long-term performance under real-world 
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operational conditions, including applications in retrofitted buildings and integration with 
adaptive technologies. 
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