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Rapid urbanisation has led to the increase of population, which has 
caused limited space in developed cities.  Consequently, a drastic demand 
for the construction of high-rise buildings has transpired. The trend of 
applying glass façade in high-rise buildings has become an issue and 
contributed to the increase of urban heat island phenomena and global 
warming.  This paper reviews the impact of building geometry factors 
such as orientation, building shape, window opening, aspect ratio, and 
shading devices on building energy performance and thermal 
performance. The analysis of the previous studies on the influence of the 
building geometry factors was discussed and the best solution or optimum 
range of the factor was suggested.  This review provides information 
about the most influential geometry factors on buildings to the designer at 
the early design stage. 
© 2017 INT TRANS J ENG MANAG SCI TECH. 

1. Introduction 
Rapid urbanissation has caused the change in the number of population in rural and urban 

areas. World Urbanization Prospects: The 2014 Revision ( 2015) stated that the population in urban 
areas was 30% in 1950, raised up to 54% in 2014 and predicted to reach 70% population in the year 
2050. The tendency of people to live in the urban areas is due to a large number of job opportunities 
and economic growth. This increment leads to the high demand of high-rise residential and office 
buildings to accommodate the population. 

 
High-rise buildings become a choice due to the less and compact area in the cities. On the other 

hand, application of glass façade in the construction of high-rise buildings becomes a norm or a 
trend in the design, especially in the developing cities. The use of glass façade will have an 
advantage in term of natural lighting to the occupants. However, it also becomes an issue when it 
comes to the application of glass facades in hot and humid climate countries. 
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When applying a glass façade, the most important thing that needs consideration is its solar or 
heat reflection properties, as it absorbs, transmits, and reflects heat from solar radiation. Heat that is 
transmitted into buildings can cause discomfort, whereas the reflected one will contribute to urban 
heat island phenomena and global warming. To minimise the impact of glass façade to the 
occupants and environment, a proper design needs appropriate prioritisation. 

 
Modernisation in building designs leads to the application of heating, ventilating and air-

conditioning (HVAC) system, as well as artificial lighting, that contribute the most to the drastic 
increase in building energy consumption, and affect the thermal comfort of the building occupants. 
This factor is much less studied, but it is important, to maintain the building performance. The main 
parameters in building geometry are building orientation, window opening, window-to-wall ratio, 
building shape, aspect ratio and types of materials used. 

 
The objective of this review is to analyse the impact of building geometry factors of the glass 

façade high-rise buildings on its energy and thermal comfort performances. The review will provide 
information to designer on the factors to be considered at early stage design. 

2. Methodology 
This review involved analysing 35 research articles that presented studies in building geometry 

factors and its impact on energy efficiency and thermal comfort performance for the past ten years, 
during 2007 to 2017.  All reviewed articles are categorised based on different criteria, including the 
year of study, continent, country, climate, research parameters, and methodology.  The first part of 
the review discusses the general analysis of literature, followed by the discussion on the impact of 
building geometry factors on building energy consumption and thermal performance. 

3. General Analysis of Literature 
To provide a clear understanding of the impact of building geometry in high-rise glass façade 

buildings, the main idea or findings are compared with the other previous studies. It begins with 
analysing the general studies on the impact of building geometry such as the types of building 
functions, orientation, window opening, glazed area, aspect ratio, building shape, shading 
coefficient, etc., to determine the similarities and contradictions. 

 
Table 1 summarises the analysed articles in this review. The following sub-sections discuss the 

results of analysis of the studies that have been carried out according to the climate zone in which 
the studies took place, purposes of the studies, types of buildings involved and its research 
parameters. 

3.1 Climate Zones of the Studies Took Place 
For the purpose of this particular analysis, the Koppen-Geiger climate classification system is 

used. It shows that climate zone A (tropical/megathermal climate) has the most studies conducted 
on the building geometry with 45.7%, comprising countries like Singapore, Malaysia, Indonesia, 
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United States and Canada. This is followed by the studies conducted in climate zone C 
(temperate/mesothermal climate) with 31.4%, involving Australia, Amsterdam, Japan, United 
States, Norway, China, Portugal, and Slovenia. Next are the studies conducted in climate zone B 
(semi-arid/arid) (20%), which include Chile, Iran, Libya, Austria, and United Arab Emirates. 
Lastly, for climate zone D (continental/microthermal) (8.6%), the studies were conducted in 
Sweden, Estonia, and Korea. 

Table 1: Summary of the analysed articles. 
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Office 2017 Alghoul et al. Africa Libya B         Simulation/ 
Case study 

2017 Raji et al.  Australia 
Asia 
Europe 

Sydney 
Singapore 
Amsterdam 

C 
A 
C 

        Simulation  

2017 Wen et al.  Asia Japan C         Case Study 
2016 Goia Europe Norway C         Simulation 
2016 Naamandadin et al.  Asia  Malaysia  A         Case Study 
2016 Rubio-Bellido et al.  Europe Chile B         Simulation 
2016 Delgarm et al.  Asia Iran B         Simulation 
2016 Mangkuto et al.  Asia Indonesia  A         Simulation 
2016 Lau et al.  Asia Malaysia A         Case study/ 

simulation 
2015 Ma et al.  America US C         Simulation 
2013 Susorova et al.   America US C         Simulation 
2010 Su and Zhang Asia China C         Simulation 
2008 AlAnz et al.  Asia Quwait B         Simulation  

Residential 2017 Shao et al.  Asia China C         Simulation 
2017 Lu et al.  Asia  China C         Simulation 
2016 Tettey et al.  Europe Sweden D         Case Study 
2016 Premrov et al.  Europe  Slovenia C         Case Study 
2016 Jovanovic et al.  Europe  Austria B         Case Study 
2016 Kim et al.  Europe Canada  A         Simulation 
2016 Hemsath America US A         Case Study 
2016 Amaral et al.  Europe Portugal C         Case Study 
2015 Aflaki et al.  Asia Malaysia A         Case Study 
2015 Tibi and Mokhtar Asia UAE B         Case Study 
2015 Hee et al.  Asia Malaysia A         Case Study 
2014 Tibi & Mokhtar,  Asia UAE B         Simulation  
2014 Chung et al.  Asia Malaysia A         Case Study 
2014 Lim and Lim Asia Malaysia A         Case Study 
2013 Thalfeldt et al.  Europe Estonia D         Case Study 
2011 Al-Tamimi and 

Fadzil 
Asia Malaysia A         Simulation 

2011 Al-Tamimi et al.  Asia  Malaysia A          Case Study 
2009 Sembiring Asia Malaysia A         Case Study 

Others 2015 Loekita and Priatman Asia Indonesia A         Simulation 
2014 Asadi et al.  America US A         Simulation 
2012 Choi et al.  Asia Korea D         Case Study 
2011 Tahmasebi et al.  Asia Malaysia A         Simulation 
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3.2 Purpose of Studies  
A study on building geometry factors can be for several purposes.  Figure 1 illustrates the 

purposes of studies on geometry factors found in this review. 49% of the studies were conducted to 
investigate the building energy efficiency, while 23% of them show that the authors were interested 
in the impact of building geometry factors on indoor thermal comfort.  Another 22% of the studies 
focus on the materials performance, whereas 6% show the interest of the researchers on building 
ventilation performances.  Only one study is found to look into the impact of geometry on building 
cost. 

 
Figure 1: Research purposes found in the analysed articles. 

3.3 Type of Buildings Studied 
From the review, 50% of the studies are found to be conducted in residential buildings, while 

36% of the studies involve office buildings.  On the other hand, 14% of the studies were conducted 
in other types of buildings, which focused on the mixed-use buildings, its theoretical and 
methodology development.  These are summarised in Figure 2. 

 
Figure 2: Types of buildings involved in the studies. 

3.4 Studied Parameters 
There have been numerous conducted in search of the impact of building geometry on building 

performance, including energy efficiency, thermal comfort, life cycle cost, ventilation, etc. Figure 3 
shows the frequency of the geometry factors studied in the analysed articles. The most studied 
parameters are the window-to-wall ratio or window opening with 25 numbers of studies, followed 
by 24 numbers of studies on building orientation. Building shape has seven numbers of studies, 
while the aspect ratio only has two. Finally, shading devices have four numbers of studies 
conducted. 
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Figure 3: Number of studies on specific building geometry factors. 

4. The Impact of Building Geometry on Building Energy Consumption 
The number of newly constructed buildings has been rapidly increasing in the past half-

century, in which the greatest increase has been observed in the number of newly constructed high-
rise buildings in the past decade. Consequently, the energy consumption in the buildings has also 
been increasing due to the modernisation and enhancement in the building environment.  

 
Susorova et al. (2013) stated that the demands in cooling and heating energy are influenced by 

the internal and external sources of heat gains and losses through facades. The examples of internal 
heat sources are artificial lighting, building equipment, machinery and people. Radiation from the 
sun, air temperature and air velocity are categorised as the external heat sources. The arrangement 
and the proportion of the windows contribute the most heat gain and loss due to the properties of 
window materials and direct exposure to solar radiation. 

 
To date, multiple studies have been carried out in determining the performance of building 

energy by considering the factor of building geometry. The factors studied include window-to-wall 
ratio, building orientation, building shape, aspect ratio, shading devices, etc. Of all, window-to-wall 
ratio and building orientation have been the most studied factors. 

4.1 Locality and Building Orientation 
In determining the optimum building orientation performance, it is necessary for the researcher 

to understand the influence of the solar path on the selected research locations. According to Raji et 
al. (2017), the heat losses and gains in the building are influenced by solar path, and the latitude of 
the studied location.  

 
In this review, few studies conducted in different locations were analysed, i.e. Sydney, 

Amsterdam and Singapore. For buildings in Amsterdam, South orientation becomes critical as the 
city is located in the upper part of the equator. On the other hand, the solar path makes North 
orientation becomes crucial for buildings in Sydney as it is located below the equator. Meanwhile, 
the location of  Singapore which is near the equator makes its East-West oriented buildings become 
more sensitives to solar radiation. 
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This similarity can be found in other studies conducted near the equator region such as 
Malaysia and Indonesia (Aflaki et al., 2016; Al-Tamimi & Fadzil, 2011; Chung et al., 2014; Lau et 
al., 2016; Loekita & Priatman, 2015; M. Al-Tamimi et al., 2011; Mangkuto et al., 2016; 
Naamandadin et al., 2016; Sembiring, 2009; Tahmasebi et al., 2011).  These researchers suggested 
that the East-West orientation for buildings near the equator region should be avoided. 

 
In other words, the energy consumption in buildings can be reduced by optimising its 

orientation. If this cannot be adopted in the design, another alternative is to optimise the window 
opening. 

4.2 Window-to-wall  Ratio and Window Orientation 
Window-to-wall ratio (WWR) and window orientation (WO) play a significant role in heat 

losses and gains by buildings due to its direct exposure to solar radiation. In Japan, Wen et al. 
(2017) researched on producing maps of recommended WWR. The maps provide the designers with 
options to select an appropriate WWR according to Japanese climate regions. The WWR is 
optimised by considering the effect of carbon dioxide (CO2) emission. This advancement of 
methodology helps the designer to appropriately design buildings at its early stage. 

 
Alghoul et al. (2017) conducted a study on the influence of WWR and WO on the total energy 

use for heating and cooling of an office building in Tripoli, Libya. This study adopted simulation 
and case study approaches in providing a simple correlation for a proper façade design regarding 
energy consumption.  The results of the study show that the cooling energy consumption increases 
with the increase of WWR. Besides, the heating energy consumption is found to be less than the 
cooling energy consumption due to the nature of climate for winter and summer within that area. 
More extreme ambient temperature is experienced in summer as the climate is very hot and humid. 
Hence, more cooling energy is required. Orientation wise, the South is more critical for all WWR 
conditions as additional of windows to this façade contributes to passive solar heating that lowers 
the heating energy consumption but a drastic increase in cooling energy occurs.  

 
On the other hand, the optimum value of WWR is also influenced by the glazing materials 

used. Goia (2016) found that the optimum range of WWR in all climates falls within 30% to 45% 
when 0.7 W/m2K of U-value for the glazing materials is used, except for critical ones that require 
WWR values out of this range. Meanwhile, Raji et al. (2017) in his research found that the WWR 
values for temperate, sub-tropic and tropic are between 20% to 30%, 35% to 45% and 30% to 40% 
respectively when the U-value of glazing materials used is 1.5 W/m2K. The effect of glazing 
materials used on WWR was also studied by other researchers (Lu et al., 2017; Mangkuto et al., 
2016; Su & Zhang, 2010; Tibi & Mokhtar, 2015). The relationship between these two parameters 
consequently affects the building energy performance. 

 
In summary, it can be concluded that the WWR is influenced by the building orientation, 

window opening, as well as the reflection factor of the glazing materials.  
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4.3 Building Shape, Aspect Ratio and Shading Devices 
There is a limited number of studies on the relationship between building shape and the 

application of glass façade in buildings. Nevertheless, there have been few studies on the effect of 
building shape on energy consumption such as the ones conducted by Asadi et al. (2014); Loekita & 
Priatman, (2015); Lu et al. (2017) and Premrov et al. (2016).  

 
Also, Raji et al. (2017) studied the impact of building shape on the energy consumption in three 

different climates, which its results show that, the largest energy consumption occurs in sub-tropical 
climate while the least occurs in the tropical climate. Regarding building shape, ellipse is found to 
be the most optimum shape in all climates. Furthermore, the ellipse shape is found to be the most 
efficient shape in temperate and sub-tropical climates. As for tropical climate, the octagon is found 
to be the most efficient building shape. In contrast, the Y-shape is found to be the worst shape for 
energy efficiency in all climate conditions. 

 
According to AlAnzi et al. (2009), the total building energy use is influenced by the relative 

compactness of the building. The energy consumption of building decreases when the relative 
compactness increases. A study on mixed-used high-rise buildings in Korea shows that the tower 
type buildings consume more energy in terms of electricity consumption by the residents (Choi et 
al., 2012). Residents feedback on the survey conducted reveals that the tower-type apartment 
buildings receive excessive light in summer, thus contributes to a higher energy demand for cooling 
purpose.  

 
The impact of aspect ratio on building energy performance was studied by Raji et al. (2017) 

and Susorova et al. (2013). The results show that the aspect ratio has the most influence in the 
temperate climate, followed by the tropical and subtropical climates, with the efficiency of 12.8%, 
8.8% and 6% respectively (Raji et al., 2017). The results also show that the optimum range of 
aspect ratio for Amsterdam and Singapore is between 1:1 to 3:1, while the optimum range of aspect 
ratio for Sydney is from 3:1 to 4:1. Susorova et al. (2013) on the other hand found that shallow 
rooms have the best energy performance in hot and temperate climates, while deep rooms perform 
the best in cold climate. 

 
Lau et al. (2016) conducted a study on the potential of shading devices and glazing 

configuration in energy saving performance in high-rise buildings. They found that the egg-crate 
shading devices show the best performance in energy saving in hot and humid climate as compared 
to another type of shading devices. The application of shading devices on the East-West orientation 
helps in reducing the energy consumption.  

 
From the above discussion, it can be summarised that the shape of the building, its aspect ratio 

and shading devices have their roles in determining the energy performance of buildings. 
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5. The Impact of Building Geometry on Indoor Thermal Performance 
The capability of indoor thermal performance is much more similar to the energy performance 

that has been discussed previously. The indoor thermal performance is influenced by solar 
transmission through windows, and solar radiation that is absorbed by building façades. There is 
also a limited number of studies on the thermal performance of glass façade buildings. The indoor 
thermal performance of buildings can be determined by assessing the indoor thermal comfort 
parameters and occupants perception survey.   The effect of building orientation on indoor thermal 
condition was studied by Aflaki et al. (2016); Amaral et al. (2016); Al-Tamimi & Fadzil (2011); 
Sembiring (2009) and Shao et al. (2017). The criticality of building orientation depends on latitude 
and the solar path of where the building is located. The solar path contributes the most heat gain if 
the facade is directly exposed to direct sunlight. Besides building orientation, few studies were also 
conducted pertaining to the effect of WWR and the U-value of the glazing materials on the indoor 
thermal condition (Amaral et al., 2016 and Ma et al., 2015). 

 
The indoor thermal condition is also affected by the types of shading devices used. Al-Tamimi 

& Fadzil (2011) found that the application of the egg-crate type of shading devices decreases the 
indoor ambient temperature and at the same time reduces the total number of discomfort hours due 
to its arrangement that prevents solar radiation from different angles.  

 
Ventilation can have its effect on the indoor thermal condition as well. Aflaki et al. (2016) 

found that the single-sided ventilation in high-rise residential buildings can reduce the absorbed 
heat through solar radiation effectively, thus reduces heat gain into space. From the study, a better 
indoor thermal condition is also found to be contributed by the prevailing winds, especially for 
spaces located on the higher floors of the buildings.  

 
Although the influence of building geometry on the thermal performance has been discovered 

by few researchers, the issue is still scarce in literature, especially in high-rise and glass façade 
buildings. 

6. Conclusion 
In the last decade, the increase in the number of high-rise buildings and application of glass 

façade had shown some impact on the outdoor and indoor environment. This review highlights 
some of the important key points with regard to energy consumption in buildings and its indoor 
thermal conditions. Selection and application of the appropriate building geometry factors at the 
early stage of the design process will help in improving the performance of buildings. 
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