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Abstract: - One of the passive design techniques is the atrium, which can have certain effects on a building inside environment. One of the key
considerations when designing a building, especially in a hot, humid area, is the ventilation component. Natural ventilation has the ability to
increase a building’s energy efficiency. It can be incorporated into the design of buildings to provide indoor airflow and provide comfortable
experiences for the users of the buildings. The integration of an atrium which serve an area for air movement could enhance the cooling of a
building. Apart from that, it is crucial to rethink the sustainable design of public buildings by reducing the energy consumption to minimal the
greenhouse gas emissions for the environment. Hence, this research was executed to study the potential of atrium design to maximize the
passive cooling effect for low-rise public buildings in Malaysia. It might help people appreciate the value of using natural ventilation while
creating an atrium that is suitable for a hot, humid region.
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I. INTRODUCTION

The National Fire Protection Association Life Safety Code (NFPA 101), according to the Guide to Fire Protection
in Malaysia defines an atrium as a large volume space produced by a floor opening or a series of floor openings
connecting two or more stories that are covered at the top of the series of openings and are used for purposes other
than an enclosed stairway, elevator hoist way, escalator opening, or utility shaft used for plumbing, electrical, air
conditioning, or communication facilities. The atrium was a common feature that provide ventilation and light to
the interior. It provides an aesthetic space, allowing interior areas to daylight, optimising the advantages of direct
solar gain, and encouraging human interactions and socialization.

When an atrium is integrated into a building in a country like Malaysia with a humid and warm climate, the
performance of the atrium towards environmental advantages changes if it is being designed without any
consideration or sensitivity towards the environment. Excessive sunshing, glare, and high temperatures are part of
the atrium issues in tropical climates which results in increased building consumption. According to the study,
atriums are now frequently built with a glass facade and aluminium roof to provide a common area that links the
surrounding floors and stories. The practicality and aesthetic value of the architect are typically the guiding
principles in atrium design. A poorly designed atrium will increase the amount of energy required to cool the
building. This research aims to study the potential of atrium design to maximize the passive cooling effect for low
rise public buildings in Malaysia. The objective for this research is to identify the atrium design configuration in
Malaysia, to
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evaluate the performance of the atrium as a passive cooling strategy and to validate the acceptability level of
applying a passive strategy through the integration of the atrium within the low-rise public building in Malaysia.

Il. LITERATURE REVIEW
A. Atrium Types in Energy Efficiency

The aspect of orientation has an impact on the atrium when climate data is taken into account in order to implement

energy gain strategies [1]. There are four primary atrium shapes which is centralized, semi enclosed, attached and
linear [2]. From the four generic forms of atrium show in Figure 2.1, centralized (a) and linear atrium (d) are the
most effective types in limiting temperature variations throughout hot and moderate seasons in hot and humid
areas.

a b c d
Afrium Attium Atrium Afrium

D

Figure 2.1: Four different generic forms of atrium and real samples. (a) centralized, (b) semi-enclosed, (c) attached,
(d) linear

B. Issues related to Atrium in Hot and Humid Climate

For the hot and humid climate countries like Malaysia, the usage of glass in atrium should be balanced between the
daylight amount needed and the solar heat gain. Naturally ventilated atrium in tropical have a significant danger of
thermal discomfort because of the impact of the environment on solar and heat penetration. The amount of essential
sunshine and solar heat gain should be balanced when deciding how much glass to use in an atrium [3]. The
chimney effect is preferable for hot and humid regions like Malaysia because it allows hot air to flow out from the
buildings [3]. However, there is typically no aperture at the roof level for an atrium that is completely ventilated by
air conditioning, and the atrium area may occasionally be designed to be airtight. The majority of the roof's final
surfaces are made of glazed materials, which creates an atrium with a greenhouse impression rather than a chimney
effect. As a result, the cooling load rises and the building's energy consumption rises.

C. Atrium Design Parameters to Enhance Ventilation

There are two main recent atrium design approach for creating a naturally ventilated atrium that produce the
desired indoor thermal condition which are creating atrium parameter and combinations and suitable ventilation
techniques [2]. Every atrium design parameter should be examined to measure the impact on the airflow rate to
improve the energy efficiency and thermal performance. A list of the ventilation technique, internal variables,
external variables, and their connection with other design parameters towards recent design approaches of atrium
are shown in Figure 2.2.
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Figure 2.2: A map of design parameters and variables

D. Fenestration of Atrium

Based on the Malaysian Standard code of practice on Energy Efficiency and Use of Renewable Energy for
Non-residential Building (MS1525:2007), fenestration can be defined as a glazed opening in building wall to
manage solar radiant heat and the most common forms include windows. Generally, the air temperature
stratification within the atrium is greatly reduced when the size of the opening increases [2]. The study also
highlighted that the proportion of inlet to outlet openings is important to provide the best airflow throughout the
building. Natural ventilation works on the idea that heated air rises and departs the internal environment through
openings, and is replaced by cold air from outside, decreasing the building’s internal temperature [4]. The usage of
an opening window in a building may manage the airflow and provide the users with the appropriate level of
thermal comfort. Window to wall (WWR) and transparent area proportion are significant and valuable components
in early building designs [5]. The airflow inside the structure is advanced by enlarging the inlets, which
subsequently lowers the operating temperature based on Figure 2.3 [13].
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Figure 2.3: Air movement and indoor temperatures change with different scenarios.
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E. Natural Ventilation in Atrium

Natural ventilation has potential to reduce energy consumption and is widely applied in buildings. It is happened
when the flow of air between the outside and the inside of a buildings. Natural ventilation is based on the idea that
heated air rises and departs the internal environment through openings, and is replace by cold air from outside,
decreasing the building’s internal temperature [4]. The two most common ways for producing natural ventilation
are cross- ventilation (wind-driven) and stack ventilation (buoyancy-driven). The fundamental physical process for
airflow is air pressure differential, which is produced by the effects of wind and temperature difference which can
result in buoyancy [6]. Air moves throughout the buildings as a result of the difference between the pressures in the
inside and the outside environments which is caused by the wind and buoyancy driven forces [7]. When the indoor
temperature is higher than the outdoor temperature which cause natural ventilation to occur in the atrium areas and
known as the buoyancy-driven force. Due to temperature differences between the inside and the outside
environment, buoyancy driven ventilation force is produced by the three factors which are lower-level inlet
opening, higher inlet opening and heat source. Figure 2.4 (a) shows a flow diagram that representing natural
ventilation through atrium in a building with the impact of wind [2].

Negative Air Pressure
Wam and Stale Air Out

Buoyancy ventilation e
In Atrium

Positive Air Pressure .
Fresh Airin

Figure 2.4 A flow diagram that shows natural ventilation through atria in a building with the effect of wind
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Figure 2.5 The pressure variations throughout the atrium space

Direction 45°

Direction 90° !

Figure 2.6 The three directions of wind that enter into the building from the inlet opening to the upper inlet opening
of a building.
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There are five different types of ventilation patterns. These patterns are determined by the atrium’s thermal and
ventilation requirements, the surrounding environment and building forms as illustrated in Figure 2.7. The function
of the atrium space is varies depending on the specific ventilation needs of the building in each pattern, as shown
below:

A. Air is drawn into the atrium from the surroundings and exhausting it to the outside.

B. The atrium directly taking in air and conducting it to surrounding rooms.

C. The atrium receiving ambient air to nearby spaces and exhausts it to the outside.

D. The atrium exhausts air to the outside and provides direct and indirect ventilation.

E. The atrium directly ventilated and exhausts air from the roof.
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Figure 2.7 The various designed ventilation patterns in atria
F. Air Flow in Atrium

When creating an atrium with natural ventilation, it's important to consider how the airflow will behave in terms of
direction and stability among the spaces. According to the Beaufort scale, which was created by the Building
Research Establishment (BRE) and mentioned in Malaysian Meteorological Department’s Observer’s Handbook,
the acceptable range of air velocity for thermal comfort is between 0.3-1.5 m/s [8]. Additionally, previous research
revealed that for countries with a hot and humid environment such as Malaysia, 0.4 m/s could improve the indoor
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thermal comfort, 1 m/s is pleasant, and up to 1.5 m/s are acceptable [8]. The presence of air movement between 0.9
m/s and 1.3 m/s had improved the thermal comfort condition inside the atrium in a naturally ventilated atrium [8].
This is also in line with a study by Abdullah et al. which found that an atrium that is naturally ventilated typically
has air movement between 0.5 and 1 m/s [9]. Even when people feel a little warm in the afternoon, the survey
showed that respondents were still content with the indoor thermal state.

I1l. METHODOLOGY

The research methodology employed in this study was site observation and field measurement. The site
observation and field measurement were conducted to identify and evaluate the performance of atrium’s passive
cooling for low-rise public buildings in Malaysia. In order to determine the passive design techniques that have
been used for the buildings, a comparative study was carried out based on the secondary data gathered as well as the
observation of the stack ventilation suggested by MS1525:2007 [10]. The site measurement was concentrated on
six numbers of localised temperature and air flow pressure differential positioned inside the atrium [11]. The site
measurement was conducted by using anemometer to know about the air flow of the naturally ventilated atrium.
The two low-rise public buildings used for this investigation were Low Energy Office Building (LEO) and Green
Energy Office Building (GEO). The reasons for selected of these two low-rise public buildings are because of the
stack ventilation and the different configurations of the atriums which are close and the innovation of technology.
Other than that, these naturally ventilated atriums are located at the low-rise public buildings of Malaysia. Malaysia
which is hot and humid throughout the years. At these selected buildings, field measurements and site observations
were made and looked into. Upon deriving data from the field measurement, other research methodology employed
in this study was computer simulation. For simulation process, a software named Autodesk Flow Design will be
used. The study's methodology was used to look into how air flow through the atriums. In order to assure the
accuracy of the simulation, the results need to be validated against the experimental data [12]. The validation was
executed by comparing the numerical simulation results with the field measurement data.

IV. ANALYSIS & FINDINGS
The site observation and measurement have been conducted at the selected low-rise public buildings with different
design of atriums. The data was collected at the chosen building that incorporate the atrium designs. The buildings
selected are the Ministry of Entrepreneur Development and Cooperatives (MEDAC) and Malaysian Green

Technology and Climate Change Corporation (GEO Building)

Ministry of Entrepreneur Development and Cooperatives (MEDAC), Putrajaya (LEO Building)

Figure 4.1 Vertical glass glazing is present on a two-
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storey black wall

Figure 4.2 Ground Floor Level of MEDAC
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Figure 4.4 Second Floor Level of MEDAC
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Figure 4.7 Fifth Floor Level of MEDAC
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[ STAIRCASE ¢

Figure 4.8 Sixth Floor Level of MEDAC

Ministry of Entrepreneur Development and Cooperatives (MEDAC),

Putrajaya
Wind/ 11 L2 L3 L4 L5
Temperature Main Center End of Near Near
Entrance of Atrium Facade Facade
of Atrium Glass Glass
Atrium {Indoor} | (Indoor)
First Third
Floor Floor
Level Level
8.00 | Wind (mfs) 0.2 0.0 0.0 0.0 0.0
am
Temperature 27.3 27.3 27.2 26.4 26.4
°c
9.00 | Wind (m/s) 0.3 0.1 0.0 0.0 0.0
am
Temperature 27.6 27.4 27.5 26.7 26.8
("
12.00 = Wind (m/s) 0.2 0.0 0.0 0.0 0.0
am
Temperature 28.5 28.4 28.4 26.8 26.9
("
3.00 | Wind (m/s) 0.3 0.1 0.1 0.0 0.0
pm
Temperature 28.8 28.3 283 28.6 28.4
(*c)
5.00 | Wind (m/fs) 0.5 0.0 0.0 0.0 0.0
pm
Temperature 30.2 28.5 284 27.8 28.3
("c)

Table 2.1 Wind and temperature data collected at five different locations of Ministry of Entrepreneur
Development and Cooperatives (MEDAC), Putrajaya in May 2023
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Figure 4.12 Wind and Temperature data collected at the main entrance of atrium (L1) of Ministry of Entrepreneur
Development and Cooperatives (MEDAC) in May 2023
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Figure 4.13 Wind and Temperature data collected at the center of atrium (L2) of Ministry of Entrepreneur
Development and Cooperatives (MEDAC) in May 2023
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Figure 4.14 Wind and Temperature data collected at the end of atrium (L3) of Ministry of Entrepreneur
Development and Cooperatives (MEDAC) in May 2023
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Figure 4.15 Wind and Temperature data collected at the near facade glass of first floor level (L4) of Ministry of
Entrepreneur Development and Cooperatives (MEDAC) in May 2023
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Figure 4.16 Wind and Temperature data collected at the near facade glass of third floor level (L5) of Ministry of
Entrepreneur Development and Cooperatives (MEDAC) in May 2023
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The configuration of the atrium is centralized and used passive ventilation system through stack ventilation to
maximize the passive cooling effect as proposed by MS1525:2007. The fenestration opening of the atrium is about
30%. Therefore, the range of air velocity at the main entrance of the atrium which is at the inlet is between 0.2 t0 0.5
m/s. This led to the indoor temperature range which is between 26.4°C till 28.8°C. The air velocity in the atrium's
center ranges from 0.0 to 0.1 m/s. This is due to the lack of fenestration opening which lead to 0.0 m/s. The atrium
of the building achieves the suitable range of air velocity and obtain the user thermal comfort at certain location
only due to 30% percent fenestration opening of the atrium and also the water wall as passive cooling effect.

Malaysian Green Technology and Climate Change Corporation — GEO Building, Bangi

e e =T

Lmnd 1 o

Figure 4.19 First Floor Level of GEO
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Figure 4.20 Second Floor Level of GEO

Malaysian Green Technology and Climate Change Corporation — GEO Building,

B.
wind/ L1 L2 L3 L4
Temperature Main Center of End of Near Facade
Entrance of Atrium Atrium Glass
Atrium (Indoor})
First Floor
Level
8.00 | Wind (m/s) 0.0 0.0 0.0 0.0
am
Temperature 26.5 26.4 26.4 26.4
(Fa
9.00 | Wind (m/s) 0.0 0.0 0.0 0.0
am
Temperature 26.6 26.6 26.5 26.5
("a)
12.00 | Wind (m/s) 0.0 0.0 0.0 0.0
am
Temperature 27.5 27.4 27.6 27.5
(Fa
3.00 | Wind (m/fs) 0.0 0.0 0.0 0.0
pm
Temperature 27.6 27.4 27.5 27.5
("a)
5.00 | Wind (m/s} 0.0 0.0 0.0 0.0
pm
Temperature 27.6 27.5 27.4 27.5
Fq

Table 3.1 Wind and temperature data collected at five different locations of Malaysian Green Technology and
Climate Change Corporation in May 2023
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Figure 4.24 Wind and Temperature data collected at the main entrance of atrium (L1) of Malaysian Green
Technology and Climate Change Corporation in May 2023
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Figure 4.25 Wind and Temperature data collected at the center of atrium (L2) of Malaysian Green Technology and
Climate Change Corporation in May 2023
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Figure 4.26 Wind and Temperature data collected at the end of atrium (L3) of Malaysian Green Technology and
Climate Change Corporation in May 2023
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Figure 4.27 Wind and Temperature data collected at the near facade glass of first floor level (L4) of Malaysian
Green Technology and Climate Change Corporation in May 2023

The configuration of the atrium is centralized and it is orientating towards north and south direction to prevent heat
gain and reduce the energy usage of the building. However, the atrium of Malaysian Green Technology and
Climate Change Corporation is using active ventilation system. The fenestration opening of the atrium is more less
compare to the LEO Building which is only 8% because the building used fully air conditioning system which is the
air handling unit (AHU). It did not utilize the naturally air flow which is 0.0 m/s but lessening the amount of energy
used by optimize the daylight and controlling the energy usage by using the active ventilation system which is the
air handling unit (AHU). This led to the indoor temperature range which is between 26.4°C till 27.6°C. The
building also achieves the suitable thermal comfort for the users by using fenestration system of double glazing
with integrated blinds, solar panels and shading from landscapes.
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Malaysian Green
Technology and Climat

Change Corporation —

Development and
Cooperatives (MEDAC),  GEO Building, Bangi
Putrajaya (LEO Building)

Configuration Centralised Centralised

Atrium Height 4-storey 3-storey

Top Lit, Clear Glazing Double Glazing with
(closed) Integrated Blinds
(Closed with the
innovation of
technology)

Fenestration System

Fenestration Opening 30% 8%

Size of Window/ Clear 1250 mm x 2800 mm 925 mm x 1450 mm
Glazing

Number of Window/ 181 155

Clear Glazing

Window to Wall Ratio 74% 34%
(WWR)

Table 4.1 Atrium Fenestration and Configuration data collected of two low-rise public buildings in May 2023

Ministry of Entrepreneur Malaysian Green
Development and Technology and Climate
Cooperatives (MEDAC),

Change Corporation —
Putrajaya GEO Building, Bangi

Provide at least two ventilation openings, one closer ~ v
to the floor (inlet) and the other, higher in the space

(outlet)

Maximise the vertical distance between these two
sets of openings. Increasing the differential height v
will produce better airflow

Provide equal inlet and outlet areas to maximise e $%e
airflow.

Provide adequate openings in stainwells or other
continuous vertical elements so that they can work ‘/ \,
as stack wells. Such spaces may be used to ventilate

adjacent spaces because their stack height allows

them to displace large volumes of air

Use louvers on inlets to channel air intake ~

Avoid obstructions between inlets and outlets v e

Table 6.1 The comparisons between two selected public buildings to maximize passive cooling effect of atrium
through stack ventilation according to the MS1525:2007

Nowadays, building simulation software is currently being used and it is very popular among the built environment

to test the performance of the building. For simulation process, a computer simulation software named Autodesk
Flow Design will be used to study the potential of atrium design to maximize the passive cooling effect for low rise
public buildings. Air pressure difference is the fundamental physical basis for airflow [4]. The pressure difference
is caused by the effects of wind and temperature variation, both of which can result in buoyancy. Furthermore, the
study found that having more openings causes the building to receive fresh air from the outside. Therefore, the
Autodesk Flow Design software will be used to simulate the airflow of atrium in a building and will investigate the
relationship between the opening which is the fenestration of the atrium and the air flow that pass through it. By
having larger fenestration of the atrium and utilizing the centralised configuration of the atrium, the wind flow will
pass through the building. From the simulation, the rate of wind speed at the atrium area is 6 m/s to 10 m/s which is
very effective for the atrium getting the natural wind.
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4 D

Autodesk Flow Design simulation of Mihistry of Entrepreneur Dévelopment and Cooperatives (MEDAC)
CONCLUSION

From the data that being collected at the selected atriums, the larger fenestration of the atrium can achieve the
suitable range of air velocity and obtain the user thermal comfort due to higher percentage fenestration opening of
the atrium and also the water wall as passive cooling effect. The integration of atrium design as a passive cooling
strategy with consideration of climate can provide the airflow and also enhance the thermal performance in the
building. It also could improve the user’s comfortable experiences for the low-rise public buildings in Malaysia and
become a reference or potential action to reduce carbon emission.

REFERENCES

[1] Arslantas, S., & Aygam, 1. D. 1. L. (2021). ENERGY EFFICIENT ATRIUM DESIGN FOR DIFFERENT CLIMATE
ZONES. Retrieved from https://avesis.gazi.edu.tr/file?id=b936e49a-ea20-408e-85f7-b3f998169593

[2] Moosavi, L., Mahyuddin, N., Ab Ghafar, N., & Ismail, M. A. (2014). Thermal performance of atria: An overview of
natural  ventilation effective  designs. Renewable and  Sustainable Energy  Reviews, 34, 654-670.
https://doi.org/10.1016/j.rser.2014.02.035

[3] Yusoff, W. F. M., Sulaiman, M. K. A. M., & Muhsin, F. (2019). Preliminary evaluation of air flow in atrium of building
in hot and humid climate. International Journal of Sustainable Tropical Design Research and Practice, 12(1), 43-52.
Retrieved from https://frsb.upm.edu.my/upload/dokumen/20191004083803Paper_5.pdf

[4] Mostofa, T., Manteghi, G., & Lamit, H. (2020). Stack Ventilation as A Design Tool to Improve Indoor Thermal Comfort
of Duplex Studio at Soho High Rise in Hot and Humid Climate. Journal of Advanced Research in Fluid Mechanics and
Thermal Sciences, 63(1), 144-153. Retrieved from https://akademiabaru.com/submit/index.php/arfmts/article/view/2725

[5] Aram, R., & Alibaba, H. Z. (2019). Analyzing atrium volume designs for hot and humid climates. Sustainability, 11(22),
6213. https://doi.org/10.3390/su11226213

[6] Mostofa, T. ., Manteghi, G. ., & Lamit, H. . (2020). Stack Ventilation as A Design Tool to Improve Indoor Thermal
Comfort of Duplex Studio at Soho High Rise in Hot and Humid Climate. Journal of Advanced Research in Fluid
Mechanics and Thermal Sciences, 63(1), 144-153. Retrieved from
https://www.akademiabaru.com/submit/index.php/arfmts/article/view/2725

[7] Olsen,E. L., & Chen, Q. Y. (2003). Energy consumption and comfort analysis for different low-energy cooling systems in
a mild climate. Energy and buildings, 35(6), 560-571.https://doi.org/10.1016/S0378-7788(02)00164-0

[8] Muhsin, F., Yusoff, W. F. M., Mohamed, M. F., & Sapian, A. R. (2017). CFD modeling of natural ventilation in a void
connected to the living units of multi-storey housing for thermal comfort. Energy and Buildings, 144, 1-16.
https://doi.org/10.1016/j.enbuild.2017.03.035

[9] Abdullah, A. H., & Wang, F. (2011). Modelling Thermal Environmental Performance In Top-lit Malaysian Atrium Using
Computational Fluid Dynamics ( CFD ). International Journal of Integrated Engineering, 1, 27-42.

[10] Naamandadin, N. A., Zainol, N. Z., Mohd Noor, S. N. A., & Sapian, A. R. (2019). Natural Ventilation for Energy
Efficient Office Buildings: A Comparative Analysis on Three Buildings In Kuala Lumpur. International Journal of
Integrated Engineering, 11(4). Retrieved from https://penerbit.uthm.edu.my/ojs/index.php/ijie/article/view/4724

[11] Fohimi, N. A. M., Asror, M. H., Rabilah, R., Mohammud, M. M., Ismail, M. F., & Ani, F. N. (2021). CFD Simulation on
Ventilation of an Indoor Atrium Space. CFD Letters, 12(5), 52-59. Retrieved from
https://www.akademiabaru.com/submit/index.php/cfdl/article/view/3245

1542


https://doi.org/10.1016/j.rser.2014.02.035
https://frsb.upm.edu.my/upload/dokumen/20191004083803Paper_5.pdf
https://doi.org/10.3390/su11226213
https://doi.org/10.1016/j.enbuild.2017.03.035
https://www.akademiabaru.com/submit/index.php/cfdl/article/view/3245

J. Electrical Systems 20-4s (2024): 1528-1543

[12] Ai, Z. T., & Mak, C. M. (2018). Wind-induced single-sided natural ventilation in buildings near a long street canyon:
CFD evaluation of street configuration and envelope design. Journal of Wind Engineering and Industrial Aerodynamics,
172, 96— 106. https://doi.org/10.1016/j. jweia.2017.10.024

[13] Sokkar, R., & Alibaba, H. Z. (2020). Thermal comfort improvement for atrium building with double-skin skylight in the
mediterranean climate. Sustainability, 12(6), 2253.

1543


https://doi.org/10.1016/j.%20jweia.2017.10.024

