A study of the skylight coverage ratio for air-conditioned atriums in the hot and humid regions
Lou, Siwei; Huang, Yu; Xia, Dawei; Lun, Isaac Y.F.; Li, Danny H.W.
Published in:
International Journal of Low-Carbon Technologies
Published: 01/09/2021

Document Version:
Final Published version, also known as Publisher’s PDF, Publisher’s Final version or Version of Record
License:
CC BY-NC
Publication record in CityU Scholars:
Go to record
Published version (DOI):
10.1093/ijlct/ctab023
Publication details:
Lou, S., Huang, Y., Xia, D., Lun, I. Y. F., & Li, D. H. W. (2021). A study of the skylight coverage ratio for airconditioned atriums in the hot and humid regions. International Journal of Low-Carbon Technologies, 16(3), 946955. https://doi.org/10.1093/ijlct/ctab023

Citing this paper
Please note that where the full-text provided on CityU Scholars is the Post-print version (also known as Accepted Author
Manuscript, Peer-reviewed or Author Final version), it may differ from the Final Published version. When citing, ensure that
you check and use the publisher's definitive version for pagination and other details.
General rights
Copyright for the publications made accessible via the CityU Scholars portal is retained by the author(s) and/or other
copyright owners and it is a condition of accessing these publications that users recognise and abide by the legal
requirements associated with these rights. Users may not further distribute the material or use it for any profit-making activity
or commercial gain.
Publisher permission
Permission for previously published items are in accordance with publisher's copyright policies sourced from the SHERPA
RoMEO database. Links to full text versions (either Published or Post-print) are only available if corresponding publishers
allow open access.
Take down policy
Contact lbscholars@cityu.edu.hk if you believe that this document breaches copyright and provide us with details. We will
remove access to the work immediately and investigate your claim.

Download date: 10/01/2023

..............................................................................................................................................................

Siwei Lou1 , Yu Huang1 , Dawei Xia2, *, Isaac Y.F. Lun3 and Danny H.W. Li4
1
School of Civil Engineering, Guangzhou University, 230 Guangzhou Higher Education
Mega Center West Outer Ring Road, Panyu District, Guangzhou 510006, China; 2 School
of Architecture and Urban Planning, Guangzhou University, 230 Guangzhou Higher
Education Mega Center West Outer Ring Road, Panyu District, Guangzhou 510006, China;
3
Department of Architecture and Built Environment , University of Nottingham, Ningbo
315100, China; 4 Department of Architecture and Civil Engineering, City University of
Hong Kong, Hong Kong, China
.............................................................................................................................................

Abstract
The skylight on the roof of an atrium can be popular for commercial malls to illuminate the core area of the
building. However, the solar radiation and its heat can get into the building together with the daylight, causing
excessive cooling load. This paper studies the daylighting and energy performances of skylight coverage
area for the air-conditioned atriums in the hot and humid regions. The energy performance with different
atrium heights, glass types and the coverage ratios of the skylight are studied. The daylight performance
was simulated by the ray-tracing Radiance and was transferred into EnergyPlus for energy evaluations.
The finding suggested that, for hot and humid climates, the skylight coverage ratio should be controlled
carefully to prevent the excessive solar heat gain. When the on/off lighting control is applied, the total energy
consumption of the single-floor cases (or of the top floor for the multi-floor cases) leveled off when the
coverage ratio of the skylight reached 9%. Thus, the skylight is favorable to the energy saving of the low-rise
or single-floor commercial buildings only under the current assumptions, as the ground of the atrium cannot
be well illuminated while the excessive solar radiation gets into the building. The skylight should be shaded
in cooling seasons to prevent the excessive solar heat gains.
Keywords: atrium; energy consumption; co-simulation
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1 INTRODUCTION
The buildings are consuming large amounts of energy in the
world. For the hot and humid climates, take Hong Kong for example, the commercial building consumed 44% of its total energy
and 66% of its electricity. The artificial lighting consumed 12% of
the energy and 14% of the electricity of the commercial buildings
[1]. The trend can apply to other fast urbanizing places in the Pearl
Harbor Delta and other subtropical regions. The solar energy
is abundant in this region, and the horizontal diffuse accounts
for 40–60% per month [2, 3]. This can be advantageous for the
daylight uniformity in buildings, since the diffuse component

causes less glare than the direct beam [4]. The daylight closely
matches the human visual response [5] and is the best source
for color rendering. Additionally, daylighting is essential to the
energy savings and visual comfort of the building users. The
daylight is usually regarded as an effective approach to reduce the
power uses of artificial lighting and its heat dissipations [6]. The
vertical window is effective for daylighting in the external regions
of the buildings, yet the daylight level attenuates rapidly with an
increasing distance from the window [7, 8]. The daylighting of
the building core areas is thus one of the challenges in sustainable
building designs [9], and the building core lighting by equipment
(e.g. light pipes) can be difficult to design [10] and pay-back [11].
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and Furundžić [27] simulated the annual energy performance of a
hotel building with an atrium in Belgrade. Aram and Alibaba [28]
studied the thermal comfort and energy performance of corner
atrium designs. Kim et al. [29] studied the temperature distribution of an atrium in South Korea using the thermal response
method. In these studies, the atrium functioned as a thermal
buffer for insulations especially in cold regions, while its daylight
was either not considered or criticized for discomfort [30].
In summary, studies on both the daylight and thermal performances of the atrium were insufficient. The typical simulation
programs, DOE2 and EnergyPlus, calculate the daylight illuminance by the daylight factor approach. The approach facilitates
good calculation efficiency, yet was generally less accurate than
Radiance that uses the ray-tracing algorithm [31]. However, Radiance was rarely used in engineering studies because of its hardto-use command-line interface and time-consuming calculations.
Additionally, atrium skylights were usually for heating-dominant
climates instead of the regions with high cooling demands [32].
The daylight quality, the energy demand for artificial lighting
and the thermal impact of the skylight are inter-correlated and
should be studied together. Daylighting in the air-conditioned
atriums in cooling-dominant regions may involve the complex
trade-offs between the artificial lighting energy (and its heat emission) and the solar heat gains from the skylight. This work takes
the accuracy advantages of the Radiance and EnergyPlus by the
co-simulation to study the daylighting and energy-saving performance of an air-conditioned atrium in low-latitude regions
(represented by Hong Kong). The daylight performance was simulated by the ray-tracing Radiance for accurate results and then
passed to EnergyPlus for the subsequent thermal calculations.
The atriums of different height and skylight coverages were tested
for an optimized skylight area and maximum building height for
daylighting. The performances of the single-layer, double-layer
and the aerogel window were tested. The single- and double-layer
windows were representative to medium to high thermal conductivity and high solar transmittance, while the aerogel window
was of low thermal conductivity and low solar transmittance. The
aerogel window scatters the direct sunlight for lighting uniformity
and visual comfort [33, 34]. The results and implications for
atrium designs and energy savings are discussed.

2 METHODOLOGY
The energy performance of the building relies on the interactions of the envelope, the design and operation strategies of the
buildings. The current work studies the energy needs for daylight, artificial lighting, cooling and the plug loads. The study
uses two well-acknowledged, world-famous simulation programs,
namely Radiance (v 4.1) and EnergyPlus (v 8.0), to evaluate the
energy and daylight performances. The Radiance uses the raytracing algorithm for the calculation, which is more accurate than
the daylight factor approach of EnergyPlus. Both programs were
well validated and widely used in previous studies [35–37]. The
energy needs were calculated by the EnergyPlus using the typical
International Journal of Low-Carbon Technologies 2021, 16, 946–955
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An atrium is common in commercial buildings such as shopping malls, which involve an extensive open space across multiple floors for vertical transport and space sensations [12]. The
atrium and its skylight provide excellent accesses to brightening
the building’s interior space via the transparent windows on the
roof (i.e. the skylight) and saving the energy needs of the artificial
lighting. However, the solar radiation, especially the direct beam,
may enter the atrium with the daylight [13, 14], which imposes
excessive cooling loads on the air conditioning. Many atriums
are nature ventilated in the hot and humid regions [15] because
of the difficulties in balancing the heat and daylight admissions.
However, the nature ventilation may not be applicable to buildings
like shopping malls. The ground part of the atrium is usually the
largest place for activities, while the skylight may illuminate the
atrium in a limited height [16, 17]. A deep atrium may weaken the
daylight by many reflections, leading to a dim ground level where
many activities take place. However, the deep atrium can improve
the daylight uniformity by the reflections [18] and blocking the
direct sunlight at the low solar altitude angle. It can thus be
essential to admit the nature light while prevent excessive cooling
load by the designs of the atrium and its skylight, which can be
difficult for the cooling-dominant low-latitude regions [19]. The
daylight and energy performances of the atriums with different
heights and skylight areas should thus be studied for excellent
performances on both the daylight and thermal aspects.
Many previous studies on the atriums focused on the daylighting only, while the impacts on the cooling loads were ignored.
Chow et al. [20] correlated daylight index with the energy saving
of lighting fixtures by the data of an institutional building in Hong
Kong, and the results were later used to estimate the potentials of
saving the energy of the artificial lighting on the floors without
controls [21]. El-Abd et al. [22] optimized the year-round daylighting performance of a shopping mall in Carol of a hot climate
by simulating 50 different designs, which improved 9% daylit
area, reduced 52% glare and reduced 4% lighting energy. Li et al.
[23] evaluated the daylight quality of different atrium heights,
atrium shapes and skylight areas for a medium-latitude location
suggesting the skylight coverage of the roof is advantageous to the
daylighting. Further, Henriques et al. [24] optimized the envelope
fenestrations of a building (a pavilion as an example) by interpolating the pre-simulated daylight illuminance and glare results via
a multi-criterion weighted ranking. The cooling and heating of
the atrium are generally not considered in these studies [22–24],
though extensive attention has been focused on the optimizations
of lighting performances.
On the other hand, Sudan et al. studied the daylight performance on the vertical atrium walls for the side-lit office areas
instead of the horizontal planes [16]. However, the sidelight via
atrium is not usual for commercial malls, which can be a result
of the floor tenants’ concerns on the daylight reliability. Another
issue is that the overcast sky was often used [18, 25] to represent
the most unfavorable daylight condition, which is different from
the partly cloudy and clear skies in reality [26]. Conversely, many
studies focused on the thermal and energy performances of the
atrium without the daylight-linked lighting controls. Vujošević
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Figure 2. Structure of the aerogel window (the aerogel glass sandwiched by two clear glasses).

meteorological year (TMY) data of Hong Kong [38]. The diffuse
radiation and direct beam of the TMY are expensive to measure
[39] and thus are estimated by the horizontal global measurements. Radiance determines the daylight and lighting levels in the
building atrium using the accurate ray-tracing algorithm by the
‘rtrace’ command. The results of Radiance were transferred into
EnergyPlus as the user-defined lighting schedules.

2.1 Specifications of the building envelope
The assumed building locates in subtropical Hong Kong (22.30 N,
114.18E) along the southern coast of China. The place is generally
hot and humid in summer from May to September and warm
in winter from December to February. The average temperature
is 15–18◦ C in winter and 27–29◦ C in summer [40], leading to
huge cooling demand in summer while few heating needs in
winter. In this connection, the public buildings are rarely heated
in winter considering the climate and the potential internal load.
The buildings (30 m in length and width) are given in Figure 1,
948
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Figure 3. The photo of a typical aerogel skylight window that is viewed by a
naked eye.

which consists of an atrium (20 m in length and width) that
is surrounded by the area for commercial activities. The atrium
and its surrounded area are separated by transparent wall. Four
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Figure 1. The building with: (a) one level by 3.5 m high; (b) one level by 5 m high; (c) two levels (10 m high); (d) three levels (15 m high).
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Figure 5. (a) Thermal properties per wave-length of the clear glass (b) and the aerogel glass according to the test [ 33 , 34]; the overall performance is summarized
in Table 1.

cases of different building heights were considered. For case 1, the
building consists of one floor with a total height of 3.5 m. Cases 2, 3
and 4 consisted of 1, 2 and 3 levels with a floor height of 5 m. The
single-floor cases 1 and 2 represent a low-rise building (e.g. art
gallery, supermarket, etc.) or the top floor of a high-rise building.
Cases 3 and 4 represent the low-rise commercial buildings (retails,
malls, etc.) or the second and the third top floors of a high-rise
building, respectively. As the common practice of the commercial
malls, all spaces, including the atrium and the building area, were
air conditioned.
The skylights were regularly distributed on the roof of the
buildings for the general daylight-energy studies, as Figure 1
demonstrates. Such regular distribution is used in previous works
such as [41–43]. In this study, the skylight coverage ratio is
defined as the ratio of the skylight area to the total area of the
roof, which was set as 0%, 4%, 9%, 16%, 20% and 25% for the
study. The performances of three types of skylight windows
were evaluated, which include the single-layer, double-layer and
aerogel glasses. The single-layer skylight uses 8 mm reinforced
clear glass, and the double layer skylight was composed of
two 6 mm clear glasses and a 6 mm air gap in between. The
aerogel skylight was developed by a 10 mm aerogel glass that is
sandwiched by two 6 mm clear glass as given in Figures 2 and 3.

Figure 4 presents the aerogel glass under the scanning electron
microscope [34], which suggests its thermal insulation attributes
to its multiple air gaps. In this simulation, we defined the thermal
properties of the window layers only, and the thermal property
of the entire window (with multiple layers) can be calculated by
EnergyPlus.
Figure 5 compares the properties of the clear and the aerogel glasses according to our previous publications [34]. These
spectral properties were put into EnergyPlus program directly,
which calculates the thermal and visible properties of the glass as
the average of the spectral-specific properties that are weighted
by the spectrum irradiance and the photopic response for visible light, respectively [44]. Table 1 summarizes the weighted
average transmittance and reflectance over the visible and full
spectrum. The thermal and visible transmittance of the aerogel
glass was much lower than the clear glass, which reduces heat
transfer and avoids glare due to the directional sunlight. The
thermal properties of the opaque building envelope are given in
Table 2. The properties of the building envelope were determined
referring to the previous studies [33, 34], which represents the
typical local settings. The window-to-wall ratio was roughly 0.45
according to a typical building that is described in the local
codes [45].
International Journal of Low-Carbon Technologies 2021, 16, 946–955
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Figure 4. The appearance of the silica aerogel product under the scanning electron microscope [ 34 ].
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Table 1. The properties of the glasses [ 33 , 34].
Glazing types

Silica aerogel
Clear glass

Thermal conductivity
W/(m K)
0.13 W/(m K)
1 W/(m K)

Transmittance

Reflectance (both sides)

Solar

Visible

Solar

Visible

0.505
0.834

0.532
0.899

0.133
0.075

0.135
0.083

Material
(A) Wall
White mosaic tile
Cement render
Concrete panel
Gypsum plaster
(B) Roof
Concrete tiles
Asphalt
Cement screed
Expanded polystyrene
Concrete
Gypsum plaster

Thickness (m)

Conductivity (W/m K)

Specific heat (J/kg K)

Density (kg/m3 )

0.005
0.01
0.1
0.01

1.5
0.72
2.16
0.51

840
840
657
960

2500
1860
2400
1120

0.025
0.02
0.05
0.05
0.15
0.01

1.1
1.2
0.72
0.035
2.16
0.51

657
1700
840
1470
657
960

2100
2300
1860
23
2400
1120

2.2 Specifications of the building internal loads
Table 3 gives the occupant densities, fresh-air flow rate and equipment load density of each zone for internal load calculations.
The schedules for the internal loads were determined according
to the local Guidelines on Performance-based Building Energy
Code [46] and were used in the previous publications [33, 34]. The
reference represents the general conditions the local engineering
projects. The zone air temperature was set at 24◦ C [46] in cooling seasons. The load densities and schedules were determined
according to the same code. Zone entering minimum air temperature was 13◦ C, which keeps an 11◦ C difference from the zone air
temperature. We avoided the free cooling by the outdoor air in
winter due to the high outdoor air humidity of the local climate
[47]. The efficiency of an assumed air conditioner was set constant
as 2.5, which converts the cooling load to the corresponding
energy demand. The assumed air conditioner satisfies the cooling
demand perfectly, which simplifies the simulation to highlighting
the impact of the skylight and its properties. The efficiency was
typical for the air-cooled air conditioner that saves the building
space and prevents spraying the cooling tower water in the densely
built city environments. The other settings followed the software
default.

2.3 Specifications of the daylighting settings and
controlling strategies
The artificial lighting of the atrium ground was controlled by
its daylight illuminance levels according to the Radiance calculations. For commercial malls, the tenants are reluctant to adopt
on–off (or even dimming) control of the artificial light due to
950
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the needs of demonstration and atmosphere creation. This concern makes the daylight-linked lighting control applicable to the
ground floor of the atrium only. There were 25 evenly placed
illuminance test points (5 rows and 5 columns) on the entire
ground floor. The daylighting applied to both the central and the
surrounding area on the ground floor because there are usually
no internal walls on the ground floor. The daylight tests start from
9:00 a.m., and the illuminance of all 25 test points was determined.
The artificial lighting is powered off at the beginning of the
day and turned on if the daylight illuminance at any test point
drops below a threshold of 500 lux by the Radiance simulation
for the first time. Here, 500 lux was determined referring to the
Society of Light and Lighting Handbook [48] and a previous
publication [49]. Once activated, the artificial lighting was kept on
afterwards, since the sensors do not distinguish the illuminance
of the daylight and the artificial light once the lighting fixtures
are turned on. This algorithm is conservative and represents the
worst case of the daylighting, which can be a good reference to the
engineering. Meanwhile, the approach can avoid switching on and
off the artificial lighting frequently (annoying to occupants and
shorten the lighting fixture life) [20, 50] without the sophisticated
delay-control or high-frequency dimming algorithms. The algorithm can thus be suitable especially for the frequent illuminance
fluctuations under cloudy skies that can be common in the region
[51]. The glare is not considered in detail as the occupants are
unlikely to look up against the roof in the direction of the beam
that may access the skylight at noon. Both the skylight and the side
windows contributed to the daylight since it can be difficult to distinguish their contributions to the illuminance. Finally, Radiance
determines the on/off time series of the artificial lighting, which
were transferred into EnergyPlus as a custom schedule file.
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Table 2. The properties of the opaque building envelope [ 33 , 34].
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Table 3. Space and occupant load densities.
Space type

Occupant density
(m2 /person)

Minimum outdoor air
(l/s/person)

Lighting power density
(W/m2 )

Equipment power density
(W/m2 )

Shop
Arcade

2.5
2.5

8
8

18 [46]
18 [46]

30
10

3.1 The annual energy consumptions of the atrium
The cooling, lighting and equipment energy needs (plug loads) of
different zones of the building were calculated by the EnergyPlus,
and those consumed by the atrium are presented in Figure 6. The
lighting energy is defined as the energy consumed by the artificial
lighting; the cooling energy is defined as the energy consumption
of the air conditioning. The energy needs of the double layer
glazing are similar to that of the single-layer glazing case and are
thus not plotted in the figure. This similarity indicates reducing
the thermal conductivity is not effective for the hot and humid
climate. Figure 6a–d represents the energy needs with the on/off
artificial lighting control, and the rest subplots specify the energy
demand without the lighting control. The energy consumption of
the plug load is constant for all cases (60 GJ). For cases without
on/off controls, the lighting energy is constant as 120 GJ. The
energy saving of the no-skylight case (0%) is due to the side
windows and glass doors on the ground floor.
Figure 6 suggests that the daylight-linked lighting control
reduced a notable amount of energy demand of the atrium.
The lighting control is thus essential to save the energy of the
buildings with the design needs of the skylights on their envelopes.
The energy demand, however, kept increasing when the ratio of
the skylight coverage increased from 0 to 25% of the roof area
for buildings of different heights except the 3.5 m single-floor
case. The increase is because the radiation heat gain through the
skylight consumed more energy than the savings of the artificial
lighting on the ground level and its cooling load, suggesting
that the skylight is not suitable to the air-conditioned atriums in
subtropical region and should be designed with cautions. In other
words, the area of the skylight should be as low as possible for
the air-conditioned, multi-floor building if the artificial lighting
on the atrium ground is under the daylight-linked control. The
weak performance of multi-floor buildings is because the high
levels are not daylit for the commercial concerns. When the
solar altitude is high at noon, the skylight bears greater direct
beam radiation than the vertical walls and thus gains notable
cooling load. The excessive energy demand due to the skylight
was somehow alleviated by the aerogel glazing, which is of a low
full-spectrum transmittance and may scatter a part of the direct
beam to reducing the glare.
Additionally, the energy needs of the 3.5 and 5 m atriums are
lower than those of 10 and 15 m regardless of using the artificial lighting controls or not. For atriums with lighting controls,
the lower energy needs of a shallow atrium are because of the

fewer blockages of the daylight to reach the ground than the
deep atriums. Additionally, the high buildings (10 and 15 m)
absorbed more solar radiation through their large envelope area
than the relatively low-rise buildings; the energy high energy
consumptions are thus caused for an atrium with fully mixed air
distribution. The daylight energy savings are less obvious under
such a high total energy demand compared to that of the low-rise
buildings. In summary, the findings suggest that the skylight may
save the energy needs of a low-rise atrium (e.g. 3.5 m, Figure 6a)
or the top floor of the atrium, and the skylight that takes 9% of the
roof area is optimized with the least energy demands.

3.2 The annual energy savings by the daylight-linked
lighting controls
Figure 7 gives the results of Equation 1, which specifies the energy
savings of the on/off lighting controls (EN%,on/off ) comparing to
that without controls (EN% ) when the skylight covers N% of the
roof area. The second half of the equation represents the energy
savings due to the daylight of the side windows, where E0%,on/off
and E0% are the energy needs with and without the on/off controls
when there are no skylight on the roof. The energy savings by the
skylight only are normalized by the building energy needs without
skylights (E0% ) as the numerator of Equation 1.
R1 =



 

EN% − EN%,on/off − E0% − E0%,on/off /E0% ,

(1)

The subplots 7(a) to 7(c) show the total energy saving rates, and
the subplots 7(d) to 7(f) give the energy-saving rates per skylight
glazing area. For all three glasses under evaluation, the energysaving rates increase notably when the skylight coverage ratio
increases from 4% to 9%, and then the savings levels off for greater
skylight areas. The optimizing trend can further be identified by
the energy-saving rate per skylight coverage ratio that peaks at
9% as given in Figure 7d–f. Using 9% of the roof area for the
transparent skylights can thus be proper to admitting daylight
and blocking the excessive solar radiation heat under the current
building and daylight settings. A skylight coverage ratio > 9% of
the roof rarely contributed to the energy saving via the daylight
and the lighting controls. The optimized skylight coverage ratios
are consistent for the three glazing types. The maximum energy
saving accounted for 7–7.5% of the total energy needs of the
3.5 m atrium without skylight nor daylighting, which is more than
double of the 5 m atrium. The energy saving is less than 1% of
an atrium by 10 m or 15 m high. The results suggest that the
International Journal of Low-Carbon Technologies 2021, 16, 946–955
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3 RESULTS AND IMPLICATIONS

S. Lou et al.

daylighting can be effective for the shallow atriums or the top level
of the building only because of their good daylight accessibility
without significant blockages and reflections. Besides, the cooling
load of the shallow atriums can be much lower than the deep
ones due to their differences in volumes and envelope areas. The
skylight is thus not effective in lighting up the ground of an atrium
deeper than 5 m regardless of the thermal properties and coverage
ratios of the skylight.
952
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3.3 The monthly savings of the total energy
consumption by the skylight
Figure 8 plots the monthly energy ‘savings’ of the skylight that
covers 9% of the roof area (determined by Equation 2). In this
equation, e0%,on/off and e9%,on/off are the monthly energy consumption of the cases with the on/off lighting control when the skylight
covers 0% and 9% of the roof area. The differences are normalized
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Figure 6. Annual energy usage of the atrium for the single-layer and aerogel skylights per year.

A study of the skylight coverage ratio

by the energy needs of the case without skylights nor daylightlinked lighting controls of the same month (e0% ). A positive value
of R2 suggests the skylight saves energy by the proper lighting
controls in the month, while a negative value suggests that the
skylight is consuming more energy than the cases without it. For
buildings of a low height (e.g. 3.5 and 5 m in Figure 8), the skylight
reduces the atrium energy demand during the cold winter months
(e.g. January to March for the 5 m building) while increases it in
the extensive hot summer periods. The seasonal difference of the
energy performance suggests the skylight should be shaded in hot
months for energy savings. Additionally, the energy-saving period
is longer for lower atriums, while there are no energy savings
throughout the year for the 10 and 15 m atriums because the
ground of a relatively deep atrium can be difficult to illuminate by
daylight only. A comparison of Figure 8a and b shows the aerogel

glazing might extend the energy saving of the skylight by 2 months
(May and June) for the 3.5 m atrium and reduce the extra energy
demands by up to 1% for the 10 and 15 m atriums, especially
during the summer periods.


R2 = e0%,on/off − e9%,on/off /e0% ,

(2)

The results suggest the skylight can introduce excessive heat
gains for the deep air-conditioned commercial atriums in the lowlatitude regions. Thus, the skylight should be carefully optimized
and preferably shaded in cooling seasons. A medium-sized skylight (9% roof area) can be sufficient to the daylighting since the
lux level in need can be marginal to the outdoor daylight illuminance. However, many current skylight designs in air-conditioned
International Journal of Low-Carbon Technologies 2021, 16, 946–955

953

Downloaded from https://academic.oup.com/ijlct/article/16/3/946/6174511 by City University of Hong Kong Library user on 17 January 2022

Figure 7. Energy-saving rates by the daylight-linked on/off lighting control strategy with different skylight coverages, glasses and atrium heights; the savings of the
side windows were deducted.

S. Lou et al.

atriums can be greater than the recommended coverage ratio for
good appearance, which brings in excessive cooling loads like
a greenhouse and is thus not advantageous for energy savings.
Extensive skylights may apply to the nature ventilated atriums,
while the thermal comfort of its occupants should be carefully
evaluated.

that assumes only the ground floor is daylit for the business
considerations and simplicity, though the atrium is well adopted
for mid-rise buildings as well. For buildings of different uses, the
daylighting of the high-levels space should be considered, which
can give different findings.

4 CONCLUSIONS AND FUTURE WORKS

AUTHOR CONTRIBUTIONS
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the daylight-linked artificial lighting controls. Results suggest the
daylight performance can be acceptable for the low-rise building or on the top floor. For the single-floor case, the optimized
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optimized to admitting enough daylight while avoiding excessive
radiation heat energy. The work indicates the skylight may not
be effective in energy savings for low-latitude regions that are
featured by high solar altitude angles in summer. Additionally,
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energy saving of the commercial malls, if only the ground level is
daylit for the commercial concerns of the tenants. The monthly
energy consumption studies suggest that the atrium skylight, if
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the on/off control was most straightforward. Another limitation
is the results are generally applicable to the low-rise buildings
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