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Abstract

Highlights

Natural ventilation has been one of the most important passive cooling strategies for conditioning the built envi-
ronment. However, several challenges influence natural ventilation in multi-story buildings. Consequently, skycourt
presents a passive cooling strategy to provide a direct airflow into the space to cool the surroundings, increase
thermal comfort, and reduce the need for mechanical ventilation. Therefore, this study proposes utilizing the skycourt
as a passive cooling strategy that helps to enhance natural ventilation in multi-story buildings. The aim of the research
is achieved by analyzing various global examples of buildings, based on the skycourt, in different climatic zones; dry,
tropical, temperate, and cold. These examples covered all classifications of multi-story buildings (e.g., mid-rise, high-
rise, and skyscrapers). Through this analysis, the influence of skycourt in providing natural ventilation is determined,
which contributes to reduce energy consumption. Finally, a reference matrix for designers and decision-makers

in the four studied climatic zones can be conducted to promote natural ventilation using the skycourt strategy.

- Improving natural ventilation contributes to the reduction of energy consumption in multi-story buildings.
- Skycourts have a significant impact on enhancing natural ventilation in buildings.
- The role of the skycourt in natural ventilation was verified by comparing international examples.
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Introduction

Buildings contribute in a significant proportion to total
energy consumption and emit a large proportion of
carbon dioxide emissions worldwide (Abo EL Einen
et al. 2019; Nejat et al. 2015; Zhang et al. 2022; Hassan
et al. 2022; Shehata et al. 2022). Even if the proportions
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vary by country, the construction sector is responsible
for approximately 30-40% of the total energy demand
(Noaman et al. 2022; Abd Elraouf et al. 2022). About 40%
of total building energy worldwide is consumed for heat-
ing, Ventilation, and Air Conditioning (HVAC) systems
in the residential and commercial sectors (Elmokadem
et al. 2016; Shahda and Megahed 2022; Hassan and Meg-
ahed 2022), which caused serious environmental prob-
lems. Thus, developing passive cooling strategies that
reduce energy consumption, support the environment
and the ecosystem, and provide a satisfactory degree of
comfort presents an essential and critical need at this
time (Shahda 2018; Elmokadem et al. 2019).

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://orcid.org/0000-0003-1887-2037
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40410-023-00212-6&domain=pdf

Ali et al. City, Territory and Architecture (2023) 10:28

Passive cooling is based on the transfer of energy
from one space to another to reach a temperature lower
than the surrounding environment (Geetha and Velraj
2012; Parys et al. 2012). Preventing heat from entering
the building is the basic cooling principle of the passive
cooling concept (Song et al. 2021; Elzeni et al. 2021). As
shown in Fig. 1, passive cooling emphasizes three main
strategies: heat prevention (reducing heat absorption),
heat modulation (modifying heat gain), and heat dis-
sipation (removing endogenous heat) (Song et al. 2021;
Shahda et al. 2018; Mohammad Alinezhad 2019).

As shown in Fig. 1, natural ventilation is a passive cool-
ing strategy that disperses heat and facilitates thermal
comfort and a comfortable indoor environment, con-
tributing to energy consumption saving (Seidabadi et al.
2019; Yao et al. 2018; Chen et al. 2019; Pan et al. 2019).
The building form is a passive design strategy that pre-
vents heat transfer. One of the most important forms
of building in architecture in all climatic regions is the
courtyard (Aldawoud and Clark 2008; Safarzadeh and
Bahadori 2005). In this paper, “courtyard” refers to any
open space surrounded by walls or buildings (Abo EL
Einen et al. 2019). Courtyards present thermal barriers
against the external climate because they reduce energy
losses from surfaces in contact with the outside air and
contribute to providing natural ventilation for inter-
nal spaces, which reduces energy consumption (Abo EL
Einen et al. 2019; Taleghani et al. 2012, 2014).

Driven by the spread of multi-story buildings pro-
moted by economic development, designers developed
the traditional courtyard into an atrium (Muhaisen
2006; Meir et al. 1995). Atriums are spaces surrounded

Page 2 of 16

by walls but differ from courtyards in that atriums are
covered with glass. Similar to courtyards, atriums pro-
vide significant benefits from natural ventilation (Zhao
et al. 2022; Acred and Hunt 2014). The courtyard and
the atrium were then designed to extend into the ver-
tical plane of the multi-story buildings’ facades creat-
ing the skycourt (Priyadarsini et al. 2004; Moosavi et al.
2015).

Skycourts are a contemporary alternative to courtyards
for multi-story buildings. Skycourt allows natural light
to penetrate deeper into interior spaces, enhancing ven-
tilation while avoiding unwanted solar energy gain, and
significantly reducing energy consumption, besides many
benefits from a social and economic perspective (Yeang
1999).

The research aims to highlight the role of the skycourt
in providing natural ventilation for multi-story buildings,
which presents a significant gap in the literature through
the following sections. A theoretical background on the
skycourt and its role as a passive design strategy is dis-
cussed in the first section. In the second section, natural
ventilation and its role as a passive design strategy are
highlighted. Then, in the third and fourth sections, vari-
ous global examples of buildings, based on the skycourts,
in different climatic zones are analyzed and explained to
identify their role in providing natural ventilation in four
climatic regions, namely dry, tropical, temperate, and
cold, for all types of multi-story buildings, mid-rise, high-
rise, and skyscrapers. Then, the reference matrix is con-
ducted to determine the interrelationship between; a) the
skycourt as a passive cooling strategy and the four main
types of climates, and b) the multi-story building types.

Passive cooling strategies
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Fig. 1 Classification of passive cooling strategies, based on (Song et al. 2021; Mohammad Alinezhad 2019)
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Finally, the final section presents the conclusion of this
study.

Skycourts as a passive cooling strategy

Skycourts are increasingly included in multi-story build-
ings. Skycourts spaces serve as spaces for transition
nodes and social gatherings, besides their environmen-
tal and economic benefits (Alnusairat 2018). This section
aims to discuss the role of skycourt as a passive cooling
strategy in multi-story buildings.

Development of the skycourt

The skycourt was developed from the principles of courts
and atriums to enhance ventilation and capture daylight
(Alnusairat 2018). Skycourts were featured in multi-story
buildings between 1890 and 1930 as void layouts within
U-, H-, E-, and O-shaped building plans. After the inven-
tion of air conditioning, the construction of multi-story
buildings based on mechanical systems for air condition-
ing increased. However, after the oil crisis in 1973, new
strategies emerged to reduce energy consumption for
heating, ventilation, cooling, and lighting (Noaman et al.
2022; Shahda and Megahed 2022; Nashaat et al. 2022;
Ismail et al. 2022, 2023; Elgheznawy et al. 2022). Thus,
skycourts, as one of these environmental strategies, have
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Fig. 2 Configurations of skycourts in multi-story buildings, based
on (Alnusairat 2018; Pomeroy 2008)
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been reintroduced to facilitate occupant interaction, pro-
vide daylight, and promote natural ventilation (Linden
1999; Al-Kodmany 2015).

Configurations of skycourts in multi-story buildings

As shown in Fig. 2, courts can be located in the lower part
of the multi-story building as a skyentrance, between the
middle floors as a skycourt or skygarden, or at the top of
the building as a skyroof (Alnusairat 2018). These empty
spaces can be two or more stories high, connected to the
interior and exterior surrounding areas by open or closed
walls (Pomeroy 2008).

Figure 3 shows an example of the spatial configuration
of a skycourt categorized into six archetypes; (a) hollow
space, the skycourt is connected to the outside air by
only one edge, and the remaining walls are attached to
the building edges, (b) corner space, the skycourt is con-
nected to the outside air through two walls and the other
two edges connected to the building, (c) lateral space, the
skycourt is also connected to the outside air through two
walls and the other two walls connected to the building,
but the proportion of the skycourt is more elongated than
the corner space model, (d) interstitial space, the build-
ing is in the middle of the skycourt area, (e) chimney,
this case is the opposite of case d because the skycourt
is in the middle of the building, known as the courtyard,
and (f) filling space, also the skycourt in the middle of
the building, but it spans the entire width of the building
(Alnusairat 2018; Pomeroy 2008, 2013; Rabbat 2017).

Fundamental benefits of skycourts in multi-story buildings
Skycourt spaces have many benefits that make them
one of the most important passive design strategies
in this era. Their primary function is to serve as public
and social spaces for multi-story buildings (Alnusairat
2018). These spaces are also used as transitional and
heat-insulating zones and contribute to providing natu-
ral lighting and natural ventilation in the adjacent inte-
rior spaces, which helps to reduce the use of mechanical
devices for lighting and ventilation, hence saving energy
consumption, in addition to the benefits of skycourt
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Fig. 3 The spatial configuration of skycourts in multi-story buildings (colored zone represents skycourt space; a hollow space, b corner space, ¢
lateral space, d interstitial space, e chimney, and f filling space, based on (Alnusairat 2018; Pomeroy 2013, 2007; Canton et al. 2014)
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from an environmental, social and economic perspec-
tive (Alnusairat 2018; Pomeroy 2008). Table 1 illustrates
the benefits of skycourt spaces in multi-story buildings
from an environmental, social, and economic perspective
(Pomeroy 2013; Jahnkassim and Ip 1988; Kuo et al. 1998;
Bay 2004; Clements-Croome and Baizhan 2000).

Based on Table 1, this study emphasizes the analysis of
global examples of skycourts in the context of the passive
cooling design strategy, whereas skycourts act as a tran-
sitional space between the building spaces, in addition
to an environmental filter that contributes to enhancing
the natural ventilation and natural lighting of the build-
ing spaces. Moreover, it acts as an acoustic and thermal
insulator, besides its role in enhancing social interactions
and well-being, and this helps in improving productivity.

Natural ventilation of skycourt as a passive cooling
strategy

Natural ventilation is one of the most effective passive
cooling strategies and can provide building occupants
with comfortable thermal conditions and a healthy
indoor environment (Liping and Hien 2007; Awada
et al. 2021; Hassan et al. 2020a). However, multi-story
buildings are based on mechanical ventilation systems
(Nufez and Garcia 2022) instead of natural ventilation
due to several challenges (Zhong et al. 2022), which influ-
ence energy consumption. Therefore, buildings, espe-
cially multi-story buildings, can become self-sufficient
by returning to nature, avoiding negative impacts on the
environment, and promoting natural ventilation in those
buildings (Etheridge 2011; Hassan et al. 2020b).

Table 1 Skycourts benefits from multiple perspectives
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Natural ventilation in buildings has three basic prin-
ciples; single-sided ventilation, cross-ventilation, and
stack-ventilation, which are applied in courtyards and
skycourts (Aflaki et al. 2015; Walker 2010). In single-
sided ventilation, fresh air enters the room, and used air is
exhausted from the same side. In cross-ventilation, fresh
air enters the room from one side and exits on the other
through windows or openings built into the facades. In
stack ventilation, fresh air enters through the lower-level
openings and used and polluted air is discharged through
the higher-level openings (Shirzadi et al. 2018; Ohba and
Lun 2010; Wang et al. 2018). The strategy for natural ven-
tilation in skycourts is based on cross and stack ventila-
tion (Shirzadi et al. 2018; Ohba and Lun 2010; Wang et al.
2018).

Mixed ventilation refers to a hybrid approach to space
conditioning that uses a combination of natural ventila-
tion and mechanical systems that include air distribution
equipment and refrigeration equipment for cooling. A
well-designed mixed building begins with enhancing the
role of natural ventilation by using passive design strate-
gies to reduce cooling loads. It then incorporates the use
of air conditioning when and where necessary, with the
use of natural ventilation whenever possible or desir-
able, to maximize comfort while avoiding the significant
energy use and operating costs of year-round air condi-
tioning (Kim and Dear 2021; Ezzeldin and Rees 2013; Sal-
cido et al. 2016).

Methodology
This research aims to analyze the role of skycourt
as a passive cooling design strategy that affects the

Benefits of skycourts Refs.
Environmental perspective  Allows light and air to infiltrate the interior spaces Pomeroy (2013)
Contributes to acoustic insulation Kim et al. (2014)

Acts as a thermal barrier that reduces the effect of solar radiation and glare
Provides a comfortable indoor environment in terms of air temperature, relative

Jahnkassim and Ip (1988)
Ismail et al. (2011)

humidity, and air velocity, and increases occupant satisfaction

Reduces heat gain in summer and reduces surface heat loss in winter

Social perspective Promotes different levels of social interaction

Strengthening communication with the city

Enhances daylight benefits the occupants’health

Promotes helpful psychological changes, e.g., reducing stress and increasing pain

tolerance

Enhances residents' satisfaction with their neighborhood and increases their sense

of well-being
Economic perspective

Saves energy by reducing heating and cooling loads
Increases productivity by improving worker happiness and health

Provides a space for communication between workers

Castleton et al. (2010)
Pomeroy (2013)
Yeang (1999)

Altomonte and Daylight
and the Occupant, in: Vis. (2009)

Burghardt et al. (2009)
Kaplan (2001)

Pomeroy (2007)
Clements-Croome and Baizhan (2000)
Miller et al. (2009)
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performance of natural ventilation in multi-story build-
ings. We achieve this objective by analyzing global exam-
ples of skycourts. First, we collected many examples
of skycourts from different climatic regions and then
applied the criteria described in this section to limit the
number for analysis. Next, basic information about the
skycourts and the providing natural ventilation in such
buildings, their role in reducing energy consumption, and
the standards of the design of the skycourt were identi-
fied. Finally, we summarized the results to develop guid-
ance design criteria for architects and designers in the
implementation of skycourts in four climatic regions:
dry, tropical, temperate, and cold. Therefore, this paper
emphasizes the effective aspects and their approximate
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weight to highlight the essential aspects of designing sky-
courts to provide natural ventilation and contribute to
reducing energy consumption (Fig. 4).

Global examples of skycourts

Based on this section, an analytical study of our sam-
ples, namely, skycourt in buildings located in different
climates is conducted. This analysis helped us to deter-
mine the existing patterns and spatial configurations of
skycourt spaces that serve as transitional buffer spaces in
multi-story buildings and contribute to providing natural
ventilation of spaces for skycourts and their surrounding
spaces.
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In the first stage of the analytical approach, we col-
lected general information on our sample of buildings
with skycourts. The buildings were designed in different
years and located in different climate zones; dry, tropical,
temperate, and cold. We selected buildings with diverse
functions that were not limited to a specific function.
The two criteria for buildings were a skycourt that serves
neighborhood residents and classification as a multi-
story building.

First, we performed a comprehensive qualitative anal-
ysis of many (>30) buildings in different climatic zones.
To achieve this objective, we classified each building by
function, building orientation, year of construction, cli-
matic region, height, and skycourt type. Based on the
comprehensive qualitative analysis, 13 buildings were
selected for a detailed quantitative study to collect accu-
rate information on skycourts and this architectural fea-
ture’s environmental role in providing natural ventilation
within those spaces and the surrounding architectural
spaces. Building selection was such that there was diver-
sity in the climatic zones and height of the buildings.
The objective of this step was to understand the building
standards for each climate and each building classifica-
tion: mid-rise, high-rise, and skyscraper.

The examples were classified according to the number
of floors of the mid-rise buildings, high-rise buildings,
and skyscrapers: mid-rise buildings, 2—-6 floors; high-rise
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buildings, 7-40 floors; and skyscrapers, more than 40
floors (Kovacevic and Dzidic 2018). Table 2 shows the
main information collected on the four mid-rise build-
ings under analysis: the Masdar Institute, the Business
Promotion Center, Dongguan’s Eco-Park Office Build-
ings, and The Courtyard House.

Table 3 shows the basic information collected on the
five high-rise buildings under analysis: Phinisi Tower,
Torre Cube, Century Tower, GSW Headquarters, and 1
Bligh Street.

Table 4 shows the basic information collected on the
four skyscrapers under analysis: Al Faisaliah Center,
Swiss Re Tower, Commerzbank Headquarters, and The
Shard London Bridge Tower.

As shown in Table 2—4, all buildings depend on natu-
ral ventilation. The natural ventilation patterns in the
buildings varied between stack and cross ventilation. The
buildings depended on natural ventilation in different
proportions, and the percentage of dependence of some
buildings using natural ventilation reached 100%, such
as the Masdar Institute, the Business Promotion Center,
Dongguan’s Eco-Park Office Buildings, Torre Cube, 1
Bligh Street, and Al Faisaliah Center, and the percentages
varied in the remaining buildings: The Courtyard House
(95%), Phinisi Tower (60%), Century Tower (65%), GSW
Headquarters (30-40%), 1 Bligh Street (63%), Swiss Re
Tower (40%), Commerzbank Headquarters (85%), and

Table 2 Basic information for examples of mid-rise buildings, based on (Alnusairat 2018; Alsheghri et al. 2015; Bai et al. 2015; Abass

etal. 2016)

Building name Masdar institute

Business promotion center Dongguan'’s

The Courtyard House
Eco-Park Office

Buildings

Schematic -

' LTI T "TTTTTT

T T
Location Abu Dhabi, United Arab Duisburg, Germany Dongguan, China Rajasthan, India

Emirates

Climate Hot and dry Warm and temperate Humid Subtropical ~ Hotand dry
Completion Year 2010 2004 2013 2012
Use Laboratories and Library Offices Offices Residential
Height (m) 2T m 30m 239m 10m
No. of Floors 3 4 6 2
Gross Area (m?) 63000 m? 4000 m? 37664 m? 3000 m?
Ventilation Type Natural ventilation Natural ventilation Natural ventilation Natural ventilation
Natural Ventilation Type Cross Stack Stack Stack
Night-time Ventilation N V V -
Annual Usage of Natural 100% 100% 100% 95%
Ventilation
Annual Energy Saving 100% 57% 63% 79%
Annual Energy Consumption - 13 kWh/m? 125 kWh/m2 -
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Table 3 Basic information for examples of high-rise buildings, based on (Alnusairat 2018; Pomeroy 2008; Jamala 2017; Raji et al. 2014;
Lee et al. 2002; Wang et al. 2010)

Building name

Phinisi tower

Torre cube

Century tower

GSW headquarters

1 Bligh street

Schematic ’

N

[
Location Makassar, Indonesia Guadalajara, México  Tokyo, Japan Berlin, Germany Sydney, Australia
Climate Humid and tropical Warm and temperate  Hot and warm Warm and temperate Cold
Completion year 2012 2005 1991 1999 2011
Use Education Offices Offices and apartments  Offices Offices
Height (m) 975m 70m 136 m 815m 139 m
No. of Floors 17 19 21 23 30
Gross Area (m?) - 17000 m? 26600 m? 48000 m? 55000 m?
Ventilation type Mixed mode Natural ventilation Mixed mode Natural ventilation Mixed mode

Natural ventilation type Stack and cross Stack and cross Stack and cross Cross Stack and cross
Night-time Ventilation N None N J None

Annual usage of natural ventila- ~ 60% 100% 65% 70% 100%

tion

Annual Energy saving 13.7% 100% 75% 30-40% 63%

Annual energy consumption - - 26 KWh/m? - -

Table 4 Basic information for examples of skyscrapers buildings, based on (Alnusairat 2018; Munro 2004; Headquarters et al. 2007;

Parker 2013)

Building Name Al Faisaliah Center ~ Swiss Re Tower Commerzbank Headquarters The Shard (London Bridge
Tower)
Schematic \
»\\,\

[

I

I
Location Riyadh, Saudi Arabia ~ London, United Kingdom  Frankfurt, Germany London, United Kingdom
Climate Hot and dry Warm and temperate Cold and temperate Warm and temperate
Completion Year 2000 2004 1997 2012
Use Office and restaurant  Offices Offices Residential,

hotel, and office

Height (m) 267 m 180 m 259 m 309.6 m
No. of Floors 44 42 56 75
Gross Area (m?) 240000 m? 64500 m? 85500 m? 111000 m?
Ventilation Type Natural ventilation Mixed mode Mixed mode Natural ventilation
Natural Ventilation Type Stack and cross Stack and cross Stack and cross Stack
Night-time Ventilation N None J J
Annual Usage of Natural Ventila-  100% 40% 85% 25%
tion
Annual Energy Saving 45% 20% 63% 84%
Annual Energy Consumption - - 117 kWh/m? 54 kWh/m?
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The Shard (London Bridge Tower; 25%). In addition,
most buildings provided night ventilation.

Skycourt configurations have contributed to reduc-
ing energy consumption by significant proportions. We
did not reach the actual consumption of energy for some
buildings. As for the buildings whose annual energy con-
sumption has been reached, we notice a significant saving
in energy consumption rates. Annual consumption in the
Business Promotion Center was 13 kWh/m? Dongguan’s
Eco-Park Office Building, 125 KWh/m?; Century Tower,
26 kWh/m?% Commerzbank Headquarters, 117 kWh/m?
and The Shard (London Bridge Tower), 54 kWh/m?. For
the remaining buildings, specific information on annual
energy consumption was not found.

Skycourt attributes in selected buildings

The skycourt in the multi-story buildings of all building
classifications; mid-rise, high-rise, and skyscraper had
similar functions and spatial configurations in all speci-
fied climatic regions zones; dry, tropical, temperate, and
cold. However, we observed differences in the facade
envelope, such as the percentage of opening in the sky-
court wall and shading. We found other differences in
the selected examples, such as the skycourt type, the sky-
courts’ environmental functions, and the skycourts’ mor-
phological composition. Tables 5, 6, 7 show the skycourt
attributes in mid-rise buildings, high-rise buildings, and
skyscrapers, respectively.

As shown in Tables 5, 6, 7, the skycourt and skygarden
are the most observed types in mid-rise buildings, such as
the Masdar Institute, Dongguan’s Eco-Park Office Build-
ings, and The Courtyard House. For high-rise buildings,
skycourts on typical floors and skycourts on final floors
are the most observed types, and the skyroof is used as a
restaurant, such as at Century Tower and 1 Bligh Street.
For skyscrapers, the use of the skycourt on typical floors
and the skyentrance on the first floor are merged, such
as et al. Faisaliah Center and The Shard (London Bridge
Tower).

In hot and cold climates, open skycourt walls were
uncommon. By contrast, they were glazed and closed
owing to the high wind speed and temperature varia-
tion between summer and winter and day and night. In
addition, shading is required to reduce solar radiation
in summer and allow it in winter. In humid climates,
the skyentrance is widely used because it helps reduce
humidity on upper floors, such as those of Dongguan’s
Eco-Park Office Buildings, Phinisi Tower, and 1 Bligh
Street.

A skycourt located between the floors of a build-
ing was the most observed type, followed by a skyroof
and skyentrance. A skygarden was commonly observed
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in residential models. Skycourts were mostly located
between the office areas and the exterior walls.

Skycourt location is associated with its functionality.
For instance, a skycourt between the floors of the build-
ing was the most observed type in high-rise buildings,
followed by a skygarden and skyentrance. A skygarden
was commonly observed in mid-rise buildings, followed
by a skyroof, skycourt, and skyentrace. In skyscrapers,
the most observed type is a skyroof, followed by a sky-
court and skygarden.

Additionally, a hollowed-out design was the most
observed prototype for skycourts in mid-rise buildings
and high-rise buildings. This buffer zone is attached to
the outside by one edge. Other commonly observed pro-
totypes in mid-rise buildings and skyscrapers were cor-
ner and three-edged (sided) shapes.

In mid-rise buildings, for example, Dongguan’s Eco-
Park Office Buildings, the skycourt helped to achieve all
the functions of the skycourt specified in the research.
In Masdar City and Business Promotion Center, the sky-
court fulfilled four of the specified functions. In high-rise
buildings, the skycourt was widely used as a social space,
transitional space, and passive design element. By con-
trast, in skyscrapers, the skycourt was used as a social
space and passive design element, such as those in Swiss
Re Tower, Commerzbank Headquarters, and The Shard
(London Bridge Tower).

In mid-rise buildings and skygarden and skycourt acted
as a buffer zone, capturing cold air from the interior, and
exhaling hot air. In high-rise buildings, the skycourt was
mostly used to capture cold air and expel hot air from
another place. The role of other environmental functions
of skycourts in mid-rise buildings, high-rise buildings,
and skyscrapers was providing natural lighting for the
surrounding spaces and inside the skycourt and a ther-
mal buffer zone. In cold and hot climates, the thermal
buffer zone helps reduce heat transfer from inside to out-
side and from outside to inside.

Results analysis

In this section, the results of the examples are presented
and analyzed in terms of the role of the skycourt in pro-
moting natural ventilation and reducing energy con-
sumption, followed by a discussion of these results to
determine the role of skycourts as transitional spaces that
contribute to providing natural ventilation.

Results of examples analysis

The results of the analysis of the 13 examples of multi-
story buildings indicated that all buildings enhance nat-
ural ventilation, and this facilitated high rates of energy
consumption reduction, which reached 100% in several
buildings. The skycourt also enhanced night ventilation.
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Table 5 Comparative analysis of skycourts in selected mid-rise buildings, based on (Alnusairat 2018; Alsheghri et al. 2015; Bai et al.

2015; Abass et al. 2016)

Building Name

Masdar Institute

Business
Promotion Center

Dongguan'’s
Eco-Park Office
Buildings

The Courtyard House

Skycourt attributes  Geometry Shape

Form

sided)
Central/sided Central

Open/closed Open

Section

Semi- rectangular
Open-sided (two-

Semi elliptical
Closed

Square Semi- rectangular

Open (four-sided)  Open (four-sided)

Sided

2 walls closed/
open from external
facade

Central Central

Core/centralized/
open from 4 sides

Core/centralized/open
from 4 sides

—ﬂ

Type Skygarden

Skyroof

<. <

Skycourt
Skyentrace -
Spatial Morphology Hollow space

Corner space

<. < <

Lateral space
Interstitial space
Chimney

Filling space -

Function Social space -

<

Well-being
Transitional space -
Environmental filter

Biodiversity
enhancer

<. < <

Passive design
element

Productivity
enhancer

Environmental Air intake, extrac-
Benefits tion

V(
Inducing ventila-
tion

Stack ventilation N
Lighting \J
Acoustics -

Thermal buffer \J
zone

Only intake)

<<
|

<. <

(Both) (Both)

<
<. < < < < < B S S
<

Notably, all types of ventilation were either cross-ventila-
tion or stack ventilation patterns because the type of ven-
tilation in skycourts is either cross or stack and does not
depend on single ventilation.

The results also indicate the difference in the type of
skycourt in the buildings and the diversity of the spatial
morphology of the skycourt. In the mid-rise buildings,

the most used type of skycourt was the skycourt and
skygarden. In the high-rise buildings, most of the four
types of skycourt buildings were used. In skyscrapers, the
most used type was the skyroof, followed by the skycourt
and the skygarden.

Regarding the spatial morphology of the skycourt
types, they varied in each type of building. In mid-rise
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Table 6 Comparative analysis of skycourt in selected high-rise buildings, based on (Alnusairat 2018; Pomeroy 2008; Jamala 2017; Raji
etal. 2014; Lee et al. 2002)

Building Name Phinisi Tower Torre Cube Century Tower GSW 1 Bligh Street,
Headquarters
Skycourt attrib-  Geometry Shape Semi-circular Semi-triangular ~ Rectangular Semi-rectan- Semi-triangular
utes gular
Form Open-sided Open-sided Closed Open (four- Open-sided (two-
(two-sided) (two-sided) sided) sided)
Central/sided Central Central Sided/Central Central Central
Open/closed 2 walls 2 walls Core/central- Core/central- 2 walls
closed/open closed/open ized/Open ized/Open closed/open
from the exter-  from the exter-  from 4 sides from 4 sides to the atrium
nal facade nal facade
and to the and to the
atrium atrium
Section % “ E v:‘ 0 ;
o E I
| - :
| =ls 'H
=fl= H
2t i
=)= <
L1 p
Type Skygarden \V V - - -
Skyroof V - , J _
Skycourt - N \J - N
Skyentrace - - N - N
Spatial Morphol-  Hollow space \J N \J \J N
ogy Corner space - - -
Lateral space - - -
Interstitial space  +/ - \ \J N
Chimney N N - - -
Filling space - - - - -
Function Social space - V J - N
Well-being v - - v -
Transitional v v V vV V
space
Environmental  +/ - - J -
filter
Biodiversity V - - J -
enhancer
Passive design \J N \J \J N
element
Productivity - - - J -
enhancer
Environmental  Airintake, extrac- v/ (Only intake) ~ +/ (Only intake)  +/ (Both) \ (Both) \ (Only intake)
Benefits tion
Inducing ventila- - N N N
tion
Stack ventilation - - - - -
Lighting v V v v V
Acoustics - - - N -
Thermal buffer - N - J -

zone
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Table 7 Comparative analysis of skycourt in selected skyscrapers buildings, based on (Alnusairat 2018; Munro 2004; Headquarters
et al. 2007; Parker 2013)

Building Name Al Faisaliah Swiss Re Tower Commerzbank The Shard (London
Center Headquarters Bridge Tower)
Skycourt attributes  Geometry Shape Triangular Triangular Semi-triangular Semi-rectangular
Form Open Open-sided (two- ~ Open-sided (two- ~ Open-sided (two-
sided) sided) sided)
Central/sided Sided Sided Central Sided
Open/closed 2 walls closed 2 walls closed/ 2 walls closed / 2 walls closed/ open
open from external  open to the from external fagcade
facade atrium
Section
Type Skygarden N - - J
Skyroof v V - v
Skycourt - - \J \J
Skyentrace - - - N
Spatial Morphology Hollow space \V N N N
Corner space \V N - N
Lateral space - - -
Interstitial space - N
Chimney - - N -
Filling space - - - -
Function Social space - v V v
Well-being - - V V
Transitional space \V N N
Environmental filter - - N N
Biodiversity \V - - \V
enhancer
Passive design V V Vv Vv
element
Productivity - - V -
enhancer
Environmental Airintake, extrac-  +/ (Only intake) \/ (Both) \/ (Both) \/ (Both)
Benefits tion
Inducing ventila- V a V
tion
Stack ventilation N \J J J
Lighting v vV a v
Acoustics - - a -
Thermal buffer - N, - -

zone




Ali et al. City, Territory and Architecture (2023) 10:28

and high-rise buildings, hollow space, interstitial space,
and chimney space were the most used formations. In
skyscrapers buildings, hollow spaces, and corner spaces
were the most used formations.

The results also indicate the high effect of the sky-
court types on enhancing the natural ventilation of
multi-story buildings, which contributed to reduc-
ing energy consumption. In mid-rise buildings, the
dependence on natural ventilation reached 100%, such
as that for the Masdar Institute, the Business Promo-
tion Center, and Dongguan’s Eco-Park Office Buildings;
in reducing energy consumption at high rates, reach-
ing 100% in the Masdar Institute; and in the remaining
buildings, the percentage of exceeded 50%. Regarding
high-rise buildings, they depended on natural ventila-
tion at rates that reached 100% for Torre Cube and 1
Bligh Street, a city building’s adoption of 100% natu-
ral ventilation reduced energy consumption by 100%,
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and the percentage of energy savings of Century Tower
reached 75%.

Promoting passive strategies matrix

Based on the analysis of the skycourt as a passive cool-
ing design strategy via various global examples in differ-
ent climates, this section proposes the reference matrix.
Designers and decision-makers can refer to this matrix in
designing the facades of multi-story buildings to enhance
their natural ventilation, which is beneficial in reducing
energy consumption. This matrix mainly constitutes the
interrelationship in the design of the skycourt as a pas-
sive cooling design strategy, on the horizontal axis, and
the vertical axis determines the classifications of the
13 multi-story buildings; mid-rise, high-rise, and sky-
scrapers, in our sample in each of the four main climate
zones; dry, tropical, temperate, and cold. Some relation-
ships are strong, and others are weak. In Table 8, these

Table 8 Weighted relations between building type and skycourt attributes

Skycourt attributes as a passive cooling strategy
Environmental
= : q
& S Type/ style | Spatial Morphology Function Benefits Geometry
> X =
o s . . 5|8 (8|55l | |2|Ez|et
s 2 olol o] 8| 8| o 8lZ|8|g|8|B|5|8 R1 82| &2
S| S I E BRI R B R P EEEE - EE E N R R A s
= = Sle|Elelglg &l & &l8|lE|l=|S|C|8B|R|EIS| 2 2|8
5| = AR N H B IR B EIE R = NS B R L R
2| O |3z 25|88 E|28 2= 28 E2E]lg| %2522
2RI IR R E EIE BRI R - B E M E L E R
17 nlelel=|5|2|=l2|=22g8lzl2|2]lE|l5|o <C§$:ocum
2(S| 3| E[E|=|4|7|5|2|5|8 5| E| 2|3 HEHEIEE
= SN E B S
A ~
Hotary DD @O |@ @ O CeveoeCldDeeeCOICeD
)
2 | Tropical O[O0 @ |@OC O @C|O OO O OO OGOSOSOS®S®OSS®IOSODOD
1
=
S |Temperate|@ O OO 0 @O® OO OCIOOCOOO0COOCO0O0O06OO0OOOPD
Cold NA
Hotdry OC O @O@OCOCOOCOOOCOCOO0I00OCe 001D eO0
)
wn
‘2 | Tropical (@ @O OC|IOC0COO0CI0C00O®®OO00OO0OO00IDedOD
=
%”TemperateOOOO.OOOOOOO.OO.OOOO.O..O.O
cd OO OGOGOOCCOOCOIOOCOOCCO0OIDOCOO®O® ®ODD
» | Hotdry |@ @O OG@OCOOCOI0O0Ce000I000® 00|00
=
)
S| Tropical @ @O @GOG OCOGOOCOCIOGOGOOGOOGOOSCOOGOOO OO0 00
=
Q
2 |Temperate|O| D | DO |@ADOOCIPO|@POCOOC OO OGSG®S®DS®IODDDD
-
7]
cd OO@OC@OCOCOCOC|IOOGOOCOOGOGOEOEOSOEOSOESES®IOSGODOD
O Weak relationship P Medium relationship e Strong relationship
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relationships are shown in different colors. The relation-
ship strength varied between weak, medium, and strong
relationships.

As shown in Table 8, the standards and criteria for the
design of skycourts vary significantly by building height
classification and the local climate. For the hot climate,
in all building classifications, the most used type was the
skycourt, followed by the skygarden and skyroof; the least
used type was the skyentrance. For the tropical climate,
the two most used types were the skyroof and the skygar-
den, and the use of the skycourt and the skyentrance
were the same. For the temperate climate, the most used
type was the skygarden, followed by the skyroof and the
skycourt; the skyentrance was not used. For the cold cli-
mate, for high-rise buildings and skyscrapers, the most
used type was the skycourt, followed by the skyentrance.

Regarding spatial morphology, in all climates, the most
used forms were hollow space, followed by interstitial
space; the least used formations were corner space, lat-
eral space, and chimney space. Filling space was not
observed. Considering the benefits provided by the types
of skycourts in the examples, the skycourt in all the
buildings helped provide natural ventilation. The sky-
court provided other benefits in different proportions.
This finding helped us achieve the main objective of the
research, determining the role of the skycourt in pro-
moting natural ventilation and contributing to reducing
energy consumption.

Discussion

Concerning the importance of passive design strate-
gies in reducing energy consumption and preserving the
environment, the effect of skycourt spaces in multi-story
buildings and the environmental effects, especially in
enhancing natural ventilation, is discussed in this section.

The types of court spaces in the facades, especially the
skycourt, which is located between the typical floors in
multi-story buildings, provide many benefits for the
building from an environmental, social, and economic
perspective. The research emphasized the environmental
aspect, especially natural ventilation. In several examples,
natural ventilation reached 100%, which led to a high
reduction in energy consumption.

The different configurations of the skycourt, espe-
cially the hollow space, interstitial space, and chimney,
provided natural ventilation for the multi-story build-
ings, which helps to reduce energy consumption. Such
formations also help to provide an external social space
that increases well-being and serves as a transitional
space, ecological filter, biodiversity enhancer, and pro-
ductivity enhancer. Skycourt spaces provide many ben-
efits other than the role of enhancing natural ventilation
in most buildings. They serve as a transitional space
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that contributes to social interaction and well-being,
improves productivity, provides natural lighting, and acts
as an environmental filter and a sound and heat insulator.

In this study, the effect of the skycourt configurations in
the existing multi-story buildings was examined. Further-
more, a limited number of configurations were selected
in the sample of buildings; thus, in further research,
additional test cases can be developed according to real
microclimate conditions. In addition, the limitations
regarding the small sample size cannot be generalized to
all skycourt architectural configurations. However, such
results are influential in the development of skycourt
configurations to allow for outdoor social contact and
enhance the natural ventilation of buildings, reducing
energy consumption.

These findings help to clarify the impact of the skycourt
as a passive cooling strategy for natural ventilation in
multi-story buildings. These results can be used to help
provide an improved design for skycourt spaces, allowing
for improvements in ventilation, the comfort of interior
environments, and occupant satisfaction. Improving the
design of the skycourt space can provide social, psycho-
logical, economic, and quality of life benefits.

Conclusions

Multi-story buildings present a challenge regarding
high energy consumption owing to the extensive use of
air conditioning systems to provide thermal comfort to
occupants. Skycourts are increasingly becoming inte-
grated into the design of multi-story buildings to gen-
erate a more comfortable and livable environment than
without them. These spaces act as transition nodes and
spaces for social interaction. The literature indicates
that skycourts could play a promising role in enhanc-
ing natural ventilation, which helps to reduce the energy
consumption of buildings. However, few studies have
provided evidence of their effect on total natural venti-
lation and the amount of cooling energy they provide in
buildings.

This research contributes to proving the role of sky-
courts in enhancing the natural ventilation of multi-story
buildings, in addition to achieving an acceptable level of
thermal comfort in these spaces. The positive effect of
skycourts on multi-story buildings in all climates was
confirmed. Common skycourt prototypes have been
identified as transitional buffer spaces in multi-story
buildings; (a) hollow space, (b) lateral space, (c) corner.
We observed that ventilation has a significant impact
on indoor thermal conditions and energy consump-
tion. However, a satisfactory indoor environment can be
achieved not by introducing extravagant concepts but
by developing a balanced approach to identifying ven-
tilation needs and applying the tools to manage these
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requirements. This study contributes to literature by pro-
viding new insights into low-energy designs with a focus
on ventilation. One of the main objectives of the study
was to outline design guidelines for multi-story buildings
in four climates to ensure maximum utilization of natu-
ral ventilation. The study succeeded in achieving this goal
by creating a skycourt design and performance matrix.
These results allow designers and decision-makers to
decide on the appropriate prototype and geometrical
properties of skycourt spaces.

Further research should emphasize detailed analyses
of the role of the skycourt in allowing daylight to pene-
trate and prevent direct solar heat gain and consider the
potential of these spaces to improve daylight and reduce
glare. Also, it may be important for future studies to
complement what this study raised and find a possible
combination of daylight and heating and cooling demand
for buildings with large voids. Concerning the social and
environmental aspects of the skycourt, it needs many
studies and experiments to reach the extent of the impact
of the skycourt on it. Plants can be a primary character-
istic of skycourts in multi-story buildings because plants
can improve the environmental performance of sky-
courts, the well-being of their occupants, the thermal
comfort of buildings, and urban scales. Therefore, further
research investigating the effect of green space incorpo-
ration on skycourt performance would be worthwhile.
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