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Abstract. Indoor visual comfort influences office workers’
satisfaction, productivity, and overall physical and mental wellbeing. In
this study, we investigate glare issues to maintain good indoor visual
comfort in daylit contemporary office environments. Specifically, this
study examines the effective balcony designs that enhance indoor visual
comfort. Thirty-three balcony designs were considered through lighting
simulation and glare evaluation to cross-examine daylight performance
with visual comfort. The findings reveal that office space with only a
balcony and no soffit is undesirable due to extreme glare problems
during the winter months. Extending the soffit depth to 2 meters can
help alleviate these glare issues. While incorporating vegetation on the
balcony does reduce glare, it is less effective than extending the soffit.
Increasing balcony and soffit depth, along with vegetation, may not
consistently improve daylight performance in the back of the room
despite minimising glare in areas next to windows. The ideal balcony
design combines vegetation with a 2-meter-deep soffit, which ensures
a fine balance between glare reduction and daylight performance.

Keywords. Indoor visual comfort, office building, glare mitigation,
balcony design, balcony vegetation

1. Introduction

Even though working from home has become a popular way of working during and
after a pandemic, according to the data from the Taiwan Employment Gold Card
(2024), most workers in Taiwan adhere to a working culture that involves spending at
least 8 hours per day in the office. It is, therefore, crucial to ensure good indoor
environmental quality for individuals who spend most of their time within. Numerous
studies have illustrated that natural daylight is one of the significant indoor
environment factors influencing occupants’ wellbeing, productivity, perception,
physical health, reduced depression, and increased satisfaction (Loche et al., 2021; Park
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et al., 2021; Woo et al., 2021). High-quality office settings enhance occupants’
productivity and contribute to energy conservation and the real estate market (Loche et
al., 2021).

In the office building design, windows and other building elements, such as
balconies, can significantly influence the amount of natural daylight entering the indoor
spaces. In subtropical countries such as Taiwan, balconies are a prevalent feature for
facilitating the flow of fresh air and natural light in residential buildings in Taiwanese
architectural history (Sari and Chiou, 2019). They also possess visual appeal, increase
visual comfort, directly offer shade to occupants in indoor spaces (Ribeiro et al., 2020),
mitigate undesirable solar radiation, and increase the diffusion of daylight into the
office in subtropical climates (Loche et al., 2021).

Balconies are typically designed as semi-open areas surrounding a building and can
be accessed by an upper-floor window or door. A soffit is the base of another balcony
above the level, as shown in Figure 1. Open balconies are commonly seen in
subtropical and tropical climates, providing a shading system to improve thermal
comfort (Ribeiro et al., 2020).

" Soffit—=

Ealccn;i;i
Figure 1. Definition of balcony and soffit

In recent years, Taiwan has enacted its net-zero strategy to address climate change,
targeting a reduction in carbon dioxide emissions by 2050 through energy-efficient
architectural design. An efficient balcony can optimise daylight for passive energy
savings (Chiu, 2024) and enhance inhabitants’ satisfaction (Ministry of the Interior,
2024). However, the impact of balconies on office buildings’ daylight performance and
occupants’ visual comfort satisfaction is still not well understood, particularly in
subtropical climates like Taiwan. As such, this study investigates how an effective
balcony design maximises daylight in office spaces while enhancing indoor visual
comfort.

2. Glare assessments for the indoor visual comfort

2.1. WHAT IS GLARE? WHAT FACTORS CAUSE GLARE?

Glare happens because of a great deal of light, resulting in annoyance, discomfort, or a
decline in visual perception for individuals. Moreover, the presence of glare in office
buildings is a concern that specialists aim to mitigate (Suk et al., 2017).

Osterhaus (2005) highlights that occupants’ visual discomfort comes from the
window size, the distance between the occupants and the windows, the computer’s
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orientation with the window, the shading system, and the office layout. The contrast
effect refers to the relationship between the level of adaptation, a glare source’s
illuminance, the perception of glare, and the ratio of window to background (Pierson
et al., 2018).

2.2. DAYLIGHT GLARE PROBABILITY (DGP)

Multiple metrics are available for assessing the glare intensity based on illuminance,
viewing position, the glare source position, glare perceived size, and the background
illumination’s level. Previous studies (Suk et al., 2017; Wienold et al., 2019) suggest
that the DGP index is the most effective tool for predicting discomfort glare within the
daylight-dominate workplace.

This study employs parametric daylight simulation to automate DGP calculation,
discussed in previous studies (Huang and Wang, 2016; Wang et al., 2022). Specially,
DGP classifies glare degrees at four levels: imperceptible, perceptible, disturbing, and
intolerable (Suk et al., 2017; Wienold and Christoffersen, 2006), as shown in Table 1.

Table 1: The degree of perceived glare

Degree of perceived glare Threshold
Imperceptible <0.35
Perceptible 0.35~0.40
Disturbing 0.40~0.45
Intolerable >(.45

2.3. USEFUL DAYLIGHT ILLUMINANCE (UDI)

UDI serves as an additional metric for assessing the distribution of daylight within a
workplace. UDI examines the meteorological data on an hourly basis for one year. It
can evaluate undesirable solar radiation or excessive illumination. The recommended
UDI threshold for an office setting ranges from 300 lux to 3000 lux (Mardaljevic et al.,
2012; Loche et al., 2021).

2.4. BALCONY DESIGN IN SUBTROPICAL AREAS ADDRESS GLARE

Previous studies have examined shading systems in countries at higher latitudes but
without balconies. Architects in tropical or subtropical regions commonly incorporate
balconies into their building designs, serving self-shading. In Brazil, narrow and
shallow balconies on the southern side of the building decrease the need for a cooling
system. While the north-facing facade features deeper and wider balconies, they were
strategically positioned to reduce solar gains and enhance thermal performance (Loche
et al., 2024). The balcony serves as a cooling or shading system to minimise solar
radiation, reduce the possibility of glare, and improve energy performance. Loche et
al. (2021) also highlight that the width of the window in the room must exceed 3 meters,
the visual transmittance of the glazing should be 0.88, and the depth of the balcony
should not be greater than 1 meter in the south-facing fagade to maintain indoor visual
comfort with an acceptable daylight factor without glare in Brazil.
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3. Methodology

This research investigates three office buildings with balconies in Taichung to identify
essential parameters of the effective balcony design for glare reduction. Taichung has
a subtropical climate in the west-central part of Taiwan, at coordinates 24.16° N and
120.67° E. In this climate, the southern building fagade receives more sunlight
throughout the year, which likely results in a higher probability of glare during the
winter months due to the sun’s position in the southern part of the sky (Fasi & Budaiwi,
2015).

The proposed methodology evaluates glare probabilities using DGP indexes and
UDI daylight performance. As a result, this study cross-examines the assessment
findings and suggests applicable design principles for future development. The
proposed methodological workflow starts with key building parameter identification,
followed by daylight simulations and glare evaluations, to evaluate effective balcony
design for buildings in subtropical regions, as illustrated in Figure 2.

DGP value

Simulate Daylight
Performance with Rhino
and Grasshopper

Buildings

Investigate

Finding Suitable
Balcony Design
Strategy

Build
Simulation
Model

Select Key
Parameters

Figure 2: Flow chart of methodology

3.1. CASE STUDIES OF THREE OFFICE BUILDINGS

Keywow Architecture, CBD Time Square, and Kuma Tower are investigated. CBD
Time Square and Kuma Tower feature identical balconies on each floor with matching
sizes and shapes. Keywow Architecture’s balcony design is unique in that the soffit
covers only half of the balconies’ width and depth, providing only half of the shading.
Figure 3 illustrates three buildings chosen for this study.

Figure 3. The appearance of Keywow, CBD Time Square and Kuma Tower
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3.2. CONTROL VARIABLES: OFFICE BUILDING SIZE, TARGETED
ROOM SIZE, LAYOUT, WINDOW-TO-WALL RATIO (WWR=65%) AND
VIEWPOINTS

The depth of the office and where the occupants sit affect how they perceive glare.
Maintaining a room depth that is no more than two and a half times the window’s
height will enhance the dispersion of sunlight and reduce excessive luminance
(Osterhaus, 2005; Konstantzos and Tzempelikos, 2017). This study utilised the
Keywow Architecture building layout as the baseline model, with dimensions of 6
meters by 8 meters by 2.8 meters in width, depth, and height. In Figure 4 (left), the
window measures 5.46 meters in width and 2 meters in height, resulting in a 65%
window-to-wall ratio and a glass transmittance of 0.88 (Loche et al., 2021).

As shown in Figure 4 on the right, this study considered three viewing directions
per location in the room. In total, 18 views across six locations are tested during the
simulation. The sitting eyesight height is 1.1 meters.

e peedsm i
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Figure 4. Simulated prototype setting

3.3. PARAMETER 1: THE DEPTH OF BALCONY (BD)

In this study, the experiment set-up explores four distinct balcony designs (1.5 m, 4 m,
6.5 m, and 9 m) with the chosen case studies. The depth variations cover the numerical
ranges from the chosen case studies in Taichung, Taiwan.

3.4. PARAMETER 2: BALCONY-TO-SOFFIT DEPTH RATIO

A change in the soffit’s depth would impact the shading area, leading to varying
illumination levels below the surface. This study proposes four balcony-to-soffit depth
ratios, 1:0, 2:1, 4:3, and 1:1, for gauging the DGP index.

3.5. PARAMETER 3: VEGETATION

Plants, or any other form of vegetation, are also popular and commonly placed on
balconies in Taiwan. Previous studies showed that vegetation could benefit both
humans and the climate (Mangone and van der Linden, 2014). In this study, we
consider two variations. One is that the vegetation is placed 0.3 meters from the
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building boundary in all balcony types with varying depths, 2 meters spacing, and 2
meters high. The other is for all balcony types without vegetation.

3.6. SIMULATION SCENARIOS BY ROOM AND BALCONY PARAME-
TERS

The experiment considers a testing room with 6 meters in depth and 8 meters in width
with a window-to-wall ratio (WWR) of 65% for the simulation. The simulation
scenarios cover balcony variations using four distinct balcony depths, four balcony-to-
soffit depth ratios, and the existence or absence of plants on the balcony. The simulation
days include March 21st, June 21st, and December 21st to cover transitional, summer,
and winter seasons. Simulation tests take place at 10 am., 2 p.m., and 4 p.m.,
representing the usual working hours for office occupants. Six locations with three
viewing orientations in the targeted office room are examined for each balcony type.
In total, 33 different balcony types were evaluated, as shown in Figure 5.

Simulated office room size (W*D)

6*8 m
BD=15m BD=4m BD=6.5m BD=9m
SD| SD‘ SD| SD|
BD =0 I T T 1 I T T T T 1 [ T T
SD=0, Om gD $*BD 1*BD Om *BD 4#*BD 1*BD Om *BD 3*BD 1*BD Om 4*BD i=BD 1*BD
Without (0.75m)(1.125mY1.5m) (2m)  (3m)  (4m) (3.25m)(4.875m) (6.5m) (4.5m) (6,75m) (9m)
Veg | ] ] | | | | ] | | ] | | | | |
I I I I
Veg Veg Veg Veg
e [ (5
yes no yes no yes no yes no

Note: BD = Balcony depth, SD = Soffit depth, Veg = Vegetation

Figure 5. 33 combinations of balcony types

4. Results and Discussion

Date and Time Without Vegetation With Vegetation

TN
A
1 i
- 1
21 ‘Jlun‘;ﬁam b m |j|
0

Balcony Depth - O 1.5 145 45 15 4 65 65 6. E. 4 4 B5 65 65 65 i3 9 9
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Figure 6. General results

Figure 6 presents 33 balcony designs with 17 DGP values from varying viewpoints (at
two, four, and six meters from the window). Viewing directions include perpendicular,
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parallel, and diagonal viewing to the window per viewpoint, as shown in Figure 4. In
Figure 6, the circle dimensions per balcony design were based on DGP values,
representing the probability of visual discomfort. The red line indicates the maximum
DGP values, and the green line represents the average values.

In December, the sun’s lower position, slanting angle, and closer distance to the
Earth increase the likelihood of observing higher DGP values in the afternoon. The
glare probability is at its lowest point in June at 4 p.m. These findings align with other
research indicating that individuals in the northern hemisphere may experience glare
issues throughout the winter (Fasi and Budaiwi, 2015).

An office setting without a balcony, soffit, or plant usually receives excessive
daylight, resulting in the highest DGP value among balcony design variations. Some
viewpoints in the room even reach the threshold of intolerable glare due to being closer
to the window and direct sunlight. Nevertheless, in any balcony depth, maintaining a
1:1 ratio between the balcony’s depth and the soffit’s depth while incorporating
vegetation into the design generally exhibits the lowest DGP value.

4.1. THE IMPACT OF BALCONY DEPTH

Increasing the depth of the balcony without a soffit and planting vegetation will reduce
the glare probability. Namely, a balcony is likely to block unwanted lighting and
prevent excessive sunlight from entering the office space. Moreover, the differences in
DGP values among balcony depths of 4 meters, 6.5 meters, and 9 meters do not exhibit
statistical significance throughout the year. The findings also suggest that although
having a balcony attached to an office building will reduce DGP values, a balcony with
a depth greater than 4 meters will not significantly reduce glare further.

4.2. THE IMPACT OF BALCONY-TO-SOFFIT DEPTH RATIO AND
THRESHOLD OF LIGHTING REQUIREMENT

Increasing the ratio of the balcony-to-soffit depth can reduce glare issues through self-
shading. However, the findings do not imply that a balcony with a 1:1 balcony-to-soffit
depth ratio is always the ideal solution. This is because there is a threshold for the
artificial light requirement. In Figure 7, the diagrams present the balcony-to-soffit depth
ratios ranging from 1:0 to 1:1. According to the UDI analysis, when a balcony depth
exceeds 4 meters and the balcony-to-soffit depth ratio is greater than 2:1, regardless of
whether there is vegetation on the balcony, the office room receives insufficient
illumination, leading to a higher demand for artificial lighting. Such an increase in the
energy demand would not be desirable.

One of the key findings from Figure 6 shows that serious glare issues persist even
with vegetation on the balcony, particularly when the soffit depth is shallower than 2
meters. As the sun moves lower in winter, sun rays could penetrate through windows
towards occupants’ eyes to cause unbearable glare, as shown in Figure 8 (left).
However, the soffit depth, when equal to or exceeding 2 meters, could effectively
mitigate glare issues, as shown in Figure 8 (right). As a result, an effective way to tackle
glare issues in subtropical regions such as Taiwan can be a soffit with 2 meters in depth.
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BD/SD= 1:0 BD/SD=2:1 BD/SD=4:3 BD/SD=1:1
Fi \— 4 \_l . pr— ~
5D =0m / SD=2m [ 5D =3m SD =4m
1 —_ 1

BD =4m BD =4m BD =4m BD =4m

Note: Soffit depth= 5D, Balcony depth= BD, Balcony-to-soffit depth ratio= BD/SD

Figure 7. Four of balcony-to-soffit depth ratios

5D=2m|
—a —x —x
] 1.1m eyesight height

BD=4m

Figure 8. The requirement of mitigating glare issues

4.3. THE IMPACT OF ADDING VEGETATION ON THE BALCONY AND
THRESHOLD OF LIGHTING REQUIREMENT

Adding greenery to the balcony will mitigate the issue of excessive brightness (refer to
Figure 6). However, its efficacy is not superior to raising the ratio between the
balcony’s and soffit’s depth. Moreover, placing plants in some settings will reach the
threshold for extra artificial lighting, which is not recommended. In this study, cross-
examining DGP with UDI results shows that planting vegetation on a balcony with a
depth of above 4 meters and a balcony-to-soffit depth ratio above 2:1 will worsen
daylight performance, even though it mitigates glare problems.

4.4. OPTIMAL SCENARIO AMONG 33 COMBINATIONS

2m
2m I 2m t 2m

I—\I IOﬂ T
20 911

2m

2m

UDI 300-3000 lux B

Figure 9: optimal scenario

When UDI reaches 80% of the time throughout the year, the well-daylit spaces do not
require additional artificial lighting. Figure 9 (left) shows the best scenario among the
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33 combinations—a 4-meter-deep balcony with a balcony-to-soffit depth of 2:1 and
vegetation on the balcony. In this scenario, sitting two meters away from the window
with a parallel view can achieve the highest indoor visual comfort, as illustrated in
Figure 9 (right).

5. Conclusion and Recommendations

In conclusion, extending the depth of the balcony, increasing balcony-to-soffit depth
ratios, and adding vegetation on the balcony will reduce the glare issues for the
occupants, especially those located within 2 meters of a window. However, some
thresholds exist for controlling these parameters to reach better indoor lighting
performance. Regardless of the presence of vegetation, if the balcony depth exceeds 4
meters and the balcony-to-soffit depth ratio exceeds 2:1, the introduction of vegetation
on a balcony will worsen the daylight performance, leading to a higher demand for
artificial lighting while mitigating glare problems.

This study recommends that the soffit depth in office buildings with balconies
should equal or exceed 2 meters to provide a glare-free office environment and
maintain good daylight performance for future subtropical countries. Incorporating
balconies will improve indoor visual comfort, create a better working environment, and
benefit the microclimate. This will also decrease the amount of energy needed for better
thermal performance.

Some parameters, such as the size of the plants on the balconies, the window-to-
wall ratio, window dimensions, window shading, windows with a film coating, and
any other design elements, limit the balcony's optimisation and diversity. The
proportions of streets to the heights of buildings, which might still influence daylight
performance indoors (Kim and Kim, 2015), have yet to be included in fully assessing
glare mitigation. Incorporating user experience testing and considering economic
feasibility may comprehensively improve the overall design, which makes the design
more implementable. As the study results show, considering the soffit depth is critical
in reaching a glare-free working environment rather than the balcony depth. In future
studies, a balcony with a soffit depth equal to 2 meters is worth first testing with a
combination of other parameters to gauge impacts in a practical way.
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