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Abstract 

Sustainable construction is a challenging prospect in Gulf countries such as Saudi Arabia and the use of Building Infor-
mation Modelling (BIM) is often suggested as a solution. However, achieving improvement is associated with consid-
erable challenges, particularly regarding energy efficiency improvements. Furthermore, the extreme environmental 
conditions in Saudi Arabia increase the demand for energy. As energy consumption in buildings is one of the main 
problems related to the built environment in both dry and hot climates, although in hot climates especially the issue 
is exacerbated by the particularly great need for cooling systems in buildings. On the other hand, one of the most 
important factors that affect Saudi Arabia’s building design is gender and function, demonstrating how the culture 
of Saudi Arabia, significantly influenced by the Islamic religion, affects design. This paper aims to present a literature 
review of the area of sustainable building design and the impact of cultural issues, focusing on the case of Saudi Ara-
bia. This paper has analysed related literature in the area of sustainable building design and the influence of cultural 
issues, focusing on the case of Saudi Arabia. This review has identified the lack of using technology to support designs 
in Saudi Arabia, lack of achieving sustainability in Saudi Arabia, culture issues effect on designing in Saudi Arabia, and 
lack of using Building Information Modelling (BIM) in Saudi Arabia for both public and private project. These issues 
have led to a series of recommendations that have the potential to improve the adoption of sustainable design in 
Saudi Arabia by using (BIM). Some of these recommendations are developing and understanding the influence of cul-
tural issues on achieving sustainable design. Secondly, analysing the different viewpoints on sustainability between 
the experts and members of the public. Furthermore, developing a framework of measures of sustainable design for 
buildings with consideration of specific factors. Additionally, showing the current level of using BIM technologies. 
Finally, developing a methodology, supported by BIM, for both government and private projects.
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Introduction

Sustainable construction refers to the practice of creat-
ing structures and using processes that are environmen-
tally responsible and resource-efficient throughout a 
building’s life cycle, from siting to design, construction, 

operation, maintenance, renovation, and deconstruction 
(Kibert 2016).

The sustainable construction change is now global in 
scope, with nearly 70 national green building councils 
introducing ambitious performance targets for the built 
environment in their countries. To develop green build-
ing, countries improve and conduct building assessment 
systems that produce ratings for buildings based on an 
evaluation of their performance against a wide range of 
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environmental, economic, and social requirements (Kib-
ert 2016).

Existing buildings around the world account for almost 
one third of global energy requirements and the avail-
ability of fossil fuels declining, there is an urgent need to 
guarantee that this energy need can be efficiently met and 
controlled using renewable energy (Kaewunruen et  al. 
2018). Many past research papers have mentioned the 
need to decrease the energy demands of existing build-
ings and to find alternative energy sources to fossil fuels. 
An European union report stated that 40% of total energy 
consumption happened from buildings approximately 
equal to the energy use in the United States (Union 
2010), where buildings account for 41% of total energy 
consumption (Administration, E. I. and Department, E 
2015).

The new United Nations Sustainable Development 
Goals (SDG) that seek to end poverty, protect the planet, 
and ensure prosperity for all, require transformative 
and solution-oriented research to offer the knowledge 
required to support changes towards sustainable devel-
opment (Leal Filho et  al. 2018). In this regard, Future 
Earth has been designed as a global research platform, 
seeking to provide the knowledge needed to help trans-
formation geared towards sustainability and to contrib-
ute to reaching goals on global sustainable development 
(Leal Filho et al. 2018).

In addition, the global extraction of non-metallic min-
erals such as stone, sand, clay, and limestone, reached 
about 35 billion tonnes in 2010. Sand and stone included 
the main share of global extraction of non-metallic min-
erals in 2010 (40.8% stone and 31.1% sand) (Ghaffar 
et  al. 2020). Infrastructure developments and construc-
tion projects are the main of this consumption. The 
change towards a better circular economy where out-
put flows could be reintegrated as secondary help give a 
good solution for the construction industry. Materials in 
buildings that should support their value were buildings 
should work as banks of valuable materials and products 
(Ghaffar et  al. 2020). This procedure can be done using 
smart design and circular construction, which is criti-
cal for a sector to facilitate both waste and the number 
of resources used. Consequently, new business models 
replace the ‘end-of-life’ perception with decreasing, recy-
cling, reusing, and recovering materials in production 
and consumption methods (Ghaffar et al. 2020).

Many studies are supporting adopting a tough goal of 
net-zero CO2 emissions by the year 2050 to supercharge 
a powerful new step to avoid pervasive climate damage 
(Deutch 2020). The path to net zero in the U.S. needs a 
change to an essentially all-electric economy. Such a 
change begins with deep decarbonization of the elec-
tricity system by leveraging the massive penetration of 

renewable electricity generation notably wind and solar 
(Deutch 2020).

One of the keys enabling technologies in this area is 
Building Information Modelling (BIM), a technology 
that supports architects in digitally constructing build-
ings. “Building Information Modelling (BIM) is the 
process that uses technology to store and analyse vari-
ous information about the building aiding in the design, 
construction, and life cycle management (renovation 
and or demolition) of the building” (Sackey 2014). This 
enables clients, architects, and engineers alike to specify 
and understand the building before it is built (Autodesk 
2005). Moreover, this modelling enables different design 
choices for sustainability to be studied and tracked 
(Autodesk 2005), as BIM provides for multi-disciplinary 
information to be integrated into one model, it cre-
ates an opportunity for sustainability measures to be 
included during the design phase of a building’s lifecycle 
(Autodesk 2008). More specifically, the three main fields 
of sustainable design with a direct relationship to BIM 
are: (a) material site selection and management; (b) selec-
tion and use; (c) systems analysis (Hardin 2009).

Even though Building Information Modelling (BIM) 
is often suggested as a solution. However, achieving 
improvement is associated with considerable challenges, 
particularly regarding energy efficiency, currently, the 
use of BIM along is often insufficient to overcome these 
issues (Tawfiq Abu- Gazzeh 1995). This is especially true 
in Gulf Countries, where their adoption of BIM has done 
little to tackle a lack of sustainable design (Tawfiq Abu- 
Gazzeh 1995).

This is an important issue in Gulf Countries as there 
has been a boom in the construction industry, due to 
large commercial development projects and heavy gov-
ernmental investments in housing and infrastructure (Ali 
et al. 2013). However, in comparison to other countries, 
the issue of energy efficiency is not typically given serious 
consideration with respect to building designs (Hanan 
and Sharples 2010). This means, that, with energy con-
sumption increasing in Gulf countries, a study showed 
that engineers should devising innovative designs for the 
development of energy-efficient and environmentally 
sustainable buildings (Abanomi and Jones 2005). Energy 
consumption is, thus, one of the main problems related 
to the built environment and is exacerbated in Gulf cli-
mates, by the need for cooling systems in buildings 
(Abanomi and Jones 2005).

One of the posited reasons for the lack of engagement 
with sustainable design in gulf countries is, despite the 
increasing availability of BIM technology, the lack of inte-
gration between this technology and the culture of the 
region. Culture is the common beliefs, social forms, and 
material traits of a racial, religious, or social group; also: 
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the characteristic features of daily existence shared by 
people in a place or time.

However, the culture of Gulf countries is different from 
many other countries. For instance, the use of spatial 
boundaries is the most important design factor for resi-
dents, as these are the primary means by which privacy is 
achieved (Tawfiq Abu- Gazzeh 1995). More specifically, 
architects in the Gulf countries design physical bounda-
ries using walls, curtains, and other forms of barrier 
(Tawfiq Abu- Gazzeh 1995). Moreover, the Islamic cul-
ture has influenced two main design factors: (a) function; 
and (b) gender, this means architects face a challenge in 
managing boundaries and design to achieve buildings 
with lower energy consumption (Tawfiq Abu- Gazzeh 
1995). The most important cultural factors that affect 
building design in Gulf countries are gender and func-
tion, demonstrating how the culture of these countries, 
significantly influenced by the Islamic religion, affects 
design (Tawfiq Abu- Gazzeh 1995). Specifically, sepa-
ration of male and female areas is commonplace and is 
required to adhere to the Islamic way of life (Nordin 
2018). Moreover, in gulf countries, spatial boundaries are 
of prime importance in planning the use of space; Sau-
dis create physical boundaries using walls, curtains, and 
other partitions (Tawfiq Abu- Gazzeh 1995).

For this paper, Saudi Arabia specifically has been cho-
sen as a case study. Saudi Arabia has been chosen as a 
case study due to, its status as one of the driest countries 
in the world and the fact that it is facing serious difficul-
ties related to a rapid increase in water demand (Hanan 
and Sharples 2010). This, coupled with the fact that the 
Saudi Arabia has some of the fastest developing urban 
centres in the world, with associated high levels of build-
ing development, presents significant challenges, notably 
regarding the energy efficiency of buildings (Abanomi 
and Jones 2005).

This requires building developers in Saudi Arabia to 
negotiate both the cultural and technological realities to 
construct and renovate buildings that adopt sustainable 
design principles, and to design buildings that have slight 
impact on the physical environment and a lower demand 
for energy resources (Pushkar 2005), while also meeting 
cultural expectations of the occupants. This process has 
become termed as ‘sustainable construction’. This means 
“creating a healthy built environment using resource-
efficient, ecologically-based principles” (Hill and Bowen 
1997).

Many sustainable buildings in hot climates make effi-
cient use of energy, freeing residents from the signifi-
cant costs associated with cooling systems (Zanni et  al. 
2017). However, difficulties appear as architects attempt 
to apply the design and technical standards linked with 
designing sustainable buildings; among the factors that 

contribute to this problem is information paucity and 
cultural issues (Zanni et  al. 2017). Saudi Arabia is con-
servative country that follows the rules transcribed in 
the Holy Quran (Åström et  al. 2011). The culture of 
Saudi Arabia citizens is family-oriented, where families 
are close, and the elderly are respected, and their opin-
ion is considered by all members of the family (North and 
Tripp 2009). It is not unusual to find extended families of 
three or four generations living in the same house (North 
and Tripp 2009). The Saudi culture has been described 
as the most preservationist culture in the world (Nordin 
2018), this factor has significantly affected the structure 
of the Saudi house.

In Saudi Arabia, with energy usage increasing, build-
ing designers are devising innovative plans to drive an 
increase in energy-efficient and environmentally sustain-
able buildings (Abanomi and Jones 2005). Thus, sustain-
ability is particularly challenging in Saudi Arabia, where 
the focus on sustainable design is increasing at a rapid 
pace. BIM has the potential to support this challeng-
ing activity by implementing digital versions of the pro-
posed building, enabling designers to begin address the 
sustainability of the proposed building (Smith and Tardif 
2009). However, even aided by BIM, building developers 
in Saudi Arabia must determine the technical require-
ments for constructing sustainable buildings, which must 
have less impact on the physical environment and a lower 
energy demand (Pushkar 2005). However, these buildings 
must also meet with local cultural expectations.

In this context, architects and designers must adopt 
standards for designing, estimating, grading, and certify-
ing the energy performance of buildings in Saudi Arabia. 
This is a compliance measure that has been successfully 
used to achieve sustainable improvement in countries 
such as the UK, where the Building Research Establish-
ment Environmental Assessment Method (BREEAM) 
rating scale is a popular tool. BREEAM in the UK, and 
different certification systems in other countries, are of 
high importance at the global level and play a key role in 
the entire construction of sustainability (Zeinal Hamed-
ani and Huber, 2012).

This will present a literature review in the area of sus-
tainable building design and the impact of cultural issues 
upon it. Based on this review, gaps will be identified and 
recommendations made to improve the adoption of cul-
turally aligned sustainable design, both globally and in 
our Saudi Arabia case study.

Methodology and summary of the literature review

This paper aims to present a literature review of the 
impact of cultural issues on the implementation of sus-
tainable design around the world, and the technological 
efforts which represents the current approach to solve 
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this issue. Based on this review, this study will outline a 
series of recommendations for future research in this 
area in Saudi Arabia. This is because the current gen-
eration of Saudi buildings are massively dependent on 
the air conditioning which wastes massive amounts of 
energy. This problem has originated due to the poorly 
designed buildings in many Gulf countries, which include 
Saudi Arabia. In these buildings approximately 80% of 
the building’s electricity is used for air conditioning and 
cooling purposes (Hanan and Sharples 2010). Based on 
the findings of this paper, a pathway of research recom-
mendations will be proposed to guide the Saudi con-
struction sector to achieve more sustainable design with 
less impact on the environment and less use of fossil 
fuels. This is achieved by firstly analysing the fundamen-
tals, general process, and main challenges of sustainable 
design through a literature review. This literature review 
will use several keywords to identify relevant studies. 
The main keywords are: Building Information Modelling 
(BIM), Cultural factors, religious factors, Sustainability, 
Sustainable building design, and Sustainable construc-
tion. The keywords of this study have been chosen since 
it has been comely used in studies that focused on the 
designing field, Sustainability, and the effect of the cul-
ture factor on the design process. These keywords will be 
used to drive searches in relevant academic online data-
bases, including, google scholar, web of science, and Sco-
pus. Additionally, within each keyword papers relevant 
specifically to Saudi Arabia will be identified.

This process has led to a corpus of many papers that 
were identified as relevant to this study, ranging in date 
from 1995 to 2019. These keywords and the number of 
papers, as shown in Table  1, below were analysed criti-
cally and classified in this study into three areas: (1) Sus-
tainable design, (2) BIM, and (3) Cultural around the 
world and focusing on Saudi Arabia. These keywords 
were selected since it was commonly used in the avail-
able research in this area. In this study, each area will be 
reviewed conclusions, gaps identified, and then this will 
be used to present a list of recommendations and how 
could these recommendations be implemented in Saudi 
Arabia to fill the gap. Saudi Arabia specifically has been 

chosen as a case study in this project for many reasons 
such as, construction industry, and energy consumption 
in the country.

Paper summary

The remainder of this paper is structured as follows: 
Sustainability will address the current situation of sus-
tainability and specifically in Saudi Arabia; Building 
Information Modelling (BIM) will discuss BIM and spe-
cifically in Saudi Arabia; Cultural factors affecting sus-
tainable design will highlight the cultural factors affecting 
construction and building design in Saudi Arabia; Cur-
rent Deployment of Sustainable design and Future Rec-
ommendations will discuss the deployment of sustainable 
design in Saudi Arabia, also, will discuss the current uses 
of BIM for sustainable design and present some recom-
mendations; and Conclusion will present the conclusion.

Sustainability

This section provides an overview of the existing lit-
erature considering sustainability, sustainable design in 
Saudi Arabia.

Sustainable design was defined by the United Nations 
World Commission on Environment and Development 
(WCED) as “development which meets the needs of the 
present generations without compromising the ability of 
the future generations to meet their own needs” (Brundt-
land 1987). This definition implies the need to achieve a 
balance between, on the one hand, economic growth, and 
development, and on the other, natural resource conser-
vation and social balance (Langston and Mackley 1998). 
Sustainability is consequently concerned with reducing 
negative influences while improving the environment to 
guarantee a better quality of living for future generations. 
This requires using renewable natural resources in a way 
which does not diminish nor destroy them and using 
non-renewable natural resources at a rate slow enough 
to guarantee a clear societal shift to new alternatives 
(Langston and Mackley 1998). Sustainability problems 
are often categorized into three main types environmen-
tal, economic, and social and the principles of sustain-
able construction have been generally applied in several 
countries across the world. The following sub-sections 
will discuss the state of art for sustainability around the 
world, sustainability assessment, and sustainability in 
Saudi Arabia.

Sustainable design state of the art

According to Cho, Chen and Woo, construction experts 
now need to pay attention to sustainability and the 
energy performance of new buildings (Cho et  al. 2011). 
Notably, society is increasingly conscious of the envi-
ronmental and energy implications of special building 

Table 1 Keywords and number of studies

No Keyword Number 
of studies

1 BIM 15

2 BIM in Saudi Arabia 12

3 Cultural factors 1

4 Cultural factor in Saudi Arabia 9

5 Sustainable design 40

6 Sustainable design in Saudi Arabia 31
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designs. Consequently, researchers must explore the 
assets that designer and architects can leverage, to design 
energy efficient buildings (Kensek 2014). In addition, 
architects need to engage in preliminary brainstorming 
sessions before approving a construction plan. It is regu-
larly documented that nearly 40% of global energy usage 
is linked with the construction and maintenance of pro-
ject (Berardi et  al. 2014). Buildings are also responsible 
for 33% of greenhouse gas emission around the world. 
Following the high rate of energy and resource consump-
tion of buildings, different sustainable strategies and 
environmentally responsible energy-efficient technolo-
gies have been recommended and implemented to obtain 
low-energy buildings. These include energy-efficient sys-
tems, advanced eco-technologies, and renewable energy 
sources (Berardi et al. 2014).

In recent years, consumption of fossil fuels has been 
steadily rising and the excessive use of fuel energy has 
the potential to create environment problems including 
global warming, loss of the ozone layer, acid rain, and 
air pollution which in some cases relating to the build-
ings (Sudhakar et  al. 2019). Furthermore, the conver-
sion of energy from primary energy to electricity is low 
and 60–70% of the energy is lost in terms of waste heat, 
so waste heat recovery is needed to increase the overall 
energy conversion efficiency (Sudhakar et al. 2019). The 
Organic Rankins Cycle (ORC) is a promising technology 
for recovering low-grade heat from loss (Sudhakar et al. 
2019).

The construction industry plays a top role in improving 
the quality of the built environment, but its actions also 
affect the wider environment in several ways. As the rate 
of construction is set to grow, there is a critical need to 
decrease waste at all phases of construction by consider-
ing the long-term effects of design (Osmani et al. 2008). 
However, the construction industry’s culture and resist-
ance to change are important challenges. Moreover, the 
architect has a strong role to play in supporting to reduce 
waste in construction at all levels by concentrating on 
designing. In order to maximise their impact, architects 
need to understand the problems, constraints and oppor-
tunities linked to the practical means by which improve-
ments can be achieved. By enhancing design practices, 
architects could realistically and successfully accelerate 
the rate of change (Osmani et al. 2008).

Sustainability assessment

Sustainability assessment can be easily explained as a pro-
cess that directs decision-making towards sustainability 
(Bond and Pope 2012). It has been named the third gen-
eration of impact assessment, following strategic envi-
ronmental assessment (SEA) and environmental impact 
assessment (EIA) (Sadler and Petts 1999). Additionally, it 

is true that it has developed simultaneously from other 
areas such as natural resource management and plan-
ning (Kemp et al. 2005). Arguably, the point has not been 
reached yet at which there is a universal agreement as to 
what sustainability assessment is, either how it should be 
implemented. The international practice differs consider-
ably depending on the legal and governance structures in 
place and the form of decision-making, also the concep-
tualization of sustainability that is included in the process 
(Bond and Pope 2012).

Environmental Impact Assessment (EIA) has expanded 
around the world and currently, it has been followed in 
at least 191 countries (Morgan 2012). Moreover, the US 
Environmental Protection Agency is regarding the adop-
tion of sustainability assessment and management pro-
cess. That would support the classic steps in the actual 
impact assessment method, for instance, scoping, screen-
ing, stakeholder involvement, analysis, and approval 
decision-making. However, there are three key features 
which are Comprehensive and systems-based, Intergen-
erational, and Stakeholder involvement and collaboration 
(National Research Council of the National Academies 
2011). That could propose a new phase of assessment, 
designed especially to help to achieve sustainable 
improvement as explained in original documents and 
events which have taken place since the National Envi-
ronmental Policy Act (NEPA) was set in 1970 (Bond and 
Pope 2012). Moreover, many factors can affect the crite-
ria used in sustainability assessment tools, such as cul-
tural issues, social, economic, and environmental factors. 
Therefore, standard international methods for estimating 
the sustainability of construction projects in all countries 
do not yet exist, considering the differences in some of 
these areas (Banani et al. 2013).

Sustainability in Saudi Arabia

The extreme environmental conditions in Saudi Arabia 
increase the demand for water and energy; as such, it is 
one of the countries spending the most money on water 
desalination globally, despite its limited non-saltwater 
assets (The Economic Times and News 2013). The Saudi 
government has reserved approximately $53 billion for 
various water projects to be completed by 2022, and 
throughout the following decade, approximately $79.9 
billion was reserved for energy projects (The Economic 
Times and News 2013).

In addition, there is a basic need to receive manage-
ability in numerous sectors in Saudi Arabia, including 
the development sector, which is a significant purchaser 
of non-renewable assets, moreover, it is responsible 
for a significant proportion of waste generation and 
CO2 emissions (Bakhoum and Brown 2012). Globally, 
the construction sector in developed nations expends 
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approximately 30% of total used energy and is respon-
sible for 40% of carbon emissions (IPCC 2007). For 
instance, in the USA, buildings are responsible for 40% of 
the national energy utilization, 72% of power utilization, 
39% of carbon emissions, and 13% of water utilization 
(U.S. Green Building Council. 2012).

Compounding the growing housing crisis in the Saudi 
Arabia is the lack of government regulations concerning 
the use of sustainable methods. There are no enforce-
able building codes, neither are there any regulations that 
integrate the principles of sustainability in the KSA, espe-
cially for architects and engineers (Karam 2010). Many 
researchers have argued that one of the most important 
and cost-effective methods to promote the use of sus-
tainable methods is to establish a clear set of standards 
and codes, particularly concerning decreasing buildings’ 
energy and water consumption (Karam 2010).

In recent years, Saudi Arabia has experienced signifi-
cant economic growth due to high oil prices and con-
tinuing improvements in the country (Al-Yami and Price 
2006). This has been driven by significant government 
construction projects and the development of infrastruc-
ture and building projects, including accommodation, 
private construction, hospitals, and schools, as well as the 
rapidly growing tourism sector (Al-Yami and Price 2006). 
At the same time, the Saudi government has paid impor-
tant attention to protecting the environment, preserv-
ing biodiversity, natural resources, and ensuring a better 
quality of life (Al-Yami and Price 2006). The government 
has contributed significantly to sustainable development 
through the initiation of several policies, regulations, and 
reports by relevant agencies, which are playing an impor-
tant role in realizing principles of sustainability in the 
Kingdom (Al-Yami and Price 2006). Furthermore, Saudi 
Arabia entered the following international environmen-
tal organizations during the Seventh Five-Year Develop-
ment Plan: The United Nations Framework Convention 
on Climate Change (UNFCCC); the supplement to the 
Kyoto Protocol, which was approved in 2005; the United 
Nations Desertification Control; and the United Nations 
Bio-Diversity Convention (Al-Yami and Price 2006).

These impacts are increasing the need to create main-
tainability estimates that will guarantee the construction 
of practical and green buildings to limit the negative envi-
ronmental influence (Abdallah and EI-Rayes, K., and Liu, 
L.  2013). More than 600 rating frameworks for apprais-
ing the sustainability of buildings are used around the 
world (Saunders 2008). These rating frameworks are used 
to assess the sustainability of buildings in accordance 
with green building criteria (Asif 2016). The differences 
in natural environments from one nation to another have 
led to various sustainability measures/criteria and diverse 
significance loads for these measures. It is necessary for 

every nation to develop a sustainability rating framework 
that fits with its environmental conditions. Also, improv-
ing environmental benefits of buildings through con-
struction of more efficient structures increases wellbeing 
and relieves stress, and discomfort (Asif 2016). Moreover, 
the general impacts of such ideas benefit the entire net-
work, and society overall (Asif 2016).

However, emerging technologies and methodologies 
are transforming how people work and live. The Fourth 
Industrial Revolution, also known as Industry 4.0, is hav-
ing an immediate impact on how people communicate 
and interact with each other (Bolpagni et al. 2022). This 
change affects all industries, including the built environ-
ment, which is transitioning to the “Construction 4.0” 
era. Climate change and global health emergencies have 
accelerated the digitization and automation of the con-
struction sector, demonstrating the importance of having 
reliable real-time data to support decision-making pro-
cesses. Construction 4.0 is creating new job opportuni-
ties and necessitates the addition of new knowledge and 
skills (Bolpagni et al. 2022).

BIM is an improvement and utilization of a PC pro-
gramming model to mimic the development and activ-
ity of an office (AGC, A. 2006). The subsequent model, 
the building information model, is an information-rich, 
canny, and advanced parametric portrayal of the office, 
from which information relevant to different clients’ 
needs can be distinguished and examined to guide deci-
sion-making and improve the process of office convey-
ance (Asif 2016).

In conclusion, sustainability encompasses a mix of eco-
nomic, environmental, and social responsibilities (Hanan 
and Sharples 2010). Given new and emerging environ-
mental and energy concerns, there has been significant 
interest in Saudi Arabia in recent years concerning the 
concept of sustainable design (Hanan and Sharples 2010). 
The main drivers behind supporting sustainable design 
are environmental and energy considerations, as well as 
additional factors such as the desire to improve residents’ 
quality of life and address health-related concerns in the 
KSA. In principle, sustainable buildings are related to the 
idea of climate-responsive design (Hyde 2000). This indi-
cates the need for natural energy sources and systems to 
deliver building comfort through interactions between 
the dynamic conditions of the building’s environment 
(Hyde 2000). For example, the placing of a window in a 
sustainable building is of vital importance as it could 
provide useful natural light, comfortable ventilation, and 
cooling.

Building information modelling (BIM)

This section provides an overview of the existing litera-
ture considering BIM in Saudi Arabia.
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BIM can be described as a process of data sharing, 
exchange, and information management, which deliv-
ers a building from the early stage of design to finish the 
project within reusable and interoperable means (Val-
ande. 2008). This confirms that BIM is a process rather 
than being a tool (Eadie 2013). It is important to note that 
some observers believe the acronym BIM should be mod-
ified to Building Information Management, while others 
use the expression BIM(M) to point to Building Informa-
tion Modelling and Management (Eadie 2013). BIM func-
tions are possible in several applications, such as Ecotect, 
Tekla structure, Autodesk Revit, and Energy Plus. Avail-
able BIM functions can also be utilized using the Revit 
API (Application Programming Interface), which is a val-
uable tool for including external applications into Revit 
products, such as transferring data to other applications 
or linking with an external database (Wu 2010).

According to the Royal Institute of British Architects 
(RIBA), BIM is a “digital representation of physical and 
functional properties of a facility creating a shared data 
resource for information about it forming a strong basis 
for decisions during its life cycle, from earliest concep-
tion stages to demolition” (Plan and of Work 2012 Over-
view. [online] Available at,  2012).

In the present condition of globalized business, exam-
ining the construction sector likely remains the ideal 
method for investigating financial conditions in the 
economy in general (Alhumayn et al. 2017). Construction 
industry projects remain fundamental to the arrange-
ment of the framework and to employment creation 
throughout the world (Zhou et al. 2015). In terms of busi-
ness promotion, the construction industry is a driving 
force.

Abubakar and colleagues argue that the business that 
the construction industry creates benefits incompetent, 
lower gifted, and young professionals who generally have 
few elective chances (Abubakar et  al. 2014). Numerous 
nations globally are highly dependent on construction 
employment, and this sector has consistently been the 
single largest source of employment in Saudi Arabia (Asif 
2016). Regardless of the undeniable importance of the 
construction business to the national economy of most 
nations, the industry worldwide has faced numerous crit-
icisms for its wastefulness and low efficiency (Abubakar 
et  al. 2014). These criticisms have generally been based 
on the complex process of supply chain management in 
the construction sector. Also, that the construction busi-
ness is commonly seen as poorly managed (Hassan 2012).

Building information modelling (BIM) in Saudi Arabia

Although BIM is utilized in Saudi Arabia, it remains 
in the early phases, and BIM usage in the Saudi Arabia 
construction industry remains generally moderate (Asif 

2016). This is because some business owners began to 
recognize the various advantages related to BIM usage, 
such as enabling different structure choices, the capacity 
to carry out numerous tests on a model, and its capacity 
to accommodate early identification of planned errors to 
reduce expensive rebuilds. The usage of BIM in construc-
tion in Saudi Arabia is, for the most part, carried out by a 
small number of large organizations; the subcontracting 
sector is relatively underdeveloped (Sodangi et al. 2016). 
Considering that BIM usage in Saudi Arabia is limited to 
the few largest organizations, and the subcontracting sec-
tor comprises mainly small and medium-size construc-
tion companies it is yet to appropriate BIM, making it is 
necessary relevant to develop systems that would guaran-
tee the adoption of BIM by the industry (Sun et al. 2017).

Developed nations in Asia, Europe, and North America 
are presently receiving the benefits of BIM in continu-
ous resource the executives alongside development ven-
ture conveyance. In an investigation directed by Gerges 
and colleagues to determine the present status of BIM 
in the Middle East by investigating the degree of BIM 
execution among partners in the construction industry, 
it was found that BIM reception in the Middle East has 
been unfavourable (Gerges et al. 2017). The authors fur-
ther identified that just 20% of construction companies 
that are using BIM or are engaged with the BIM adop-
tion process in some way, while the remaining 80% are 
neither applying it nor associated with it in a limited 
capacity. Some studies show that the use of BIM in some 
construction projects in Saudi Arabia, which, there are 
no available sources to determine the genuine status of 
BIM usage in the whole Saudi region. Chief among the 
findings of this study was evidence of a low usage rate for 
BIM in construction projects in the Saudi construction 
sector and the absence of BIM awareness and reluctance 
of partners to accept changes to the current working 
practices (Alhumayn et al. 2017).

In a related study by Ahmed and colleagues, the aim 
was to assess the awareness and experience levels of 4D 
planning and BIM in the construction industry in Qatar, 
and to distinguish the potential barriers to the general 
usage of BIM (Ahmed et  al. 2014). The assessment was 
based on an industry-wide overview limited to related 
professionals in Qatar. Again, in the Middle East, Ham-
ada and colleagues carried out a similar investigation on 
the use of BIM innovation to identify the key benefits and 
barriers that point of confinement BIM appropriation in 
the Iraqi construction industry. The findings of the study 
suggested low BIM adoption among construction experts 
in Iraq (Hamada et  al. 2016). Much prior investigation 
was attempted in the Middle East by buildingSMART. 
The objective of the study was to provide important 
information on the construction market in relation to 



Page 8 of 17Alghamdi et al. City, Territory and Architecture            (2022) 9:18 

BIM and to identify the relevant skills, proficiencies, 
and barriers to BIM usage. The respondents to the study 
were generally ventured proprietors, temporary workers, 
venture designers, specialists, and providers (Sun et  al. 
2017). The findings of the study showed that over half 
of the respondents did not use BIM, and approximately 
20% were inexperienced with BIM, which suggests a low 
awareness level. Furthermore, the review uncovered that 
‘accessibility of skilled staff’, ‘cost of programming’, and 
‘cost of usage’ were the highest-ranking barriers to BIM 
appropriation in the area. However, the study did not 
explicitly plot the nations surveyed and the nations the 
respondents originated from. From the findings of the 
literature review discussed previously, BIM usage status 
is associated with awareness level, difficulties in execu-
tion, and barriers in selected Saudi regions. Consider-
ing the significance of the Saudi Arabia economy, which 
is one of the largest in the Middle East, and the volume 
of construction projects being initiated in Saudi Arabia, 
a similar study needs to be conducted to provide further 
insight into this subject (Alhumayn et al. 2017). However, 
there is no evidence of any such examination carried out 
in the context of the Saudi Arabian construction industry 
(Alhumayn et al. 2017).

One of the principal contributions of BIM to sus-
tainable improvement, which additionally is one of its 
general uses, its immediate role in financial manage-
ment. Evaluating the costs of a project and the required 
resources can be broken down into phases to predict and 
calculate the costs of each stage (Banawi 2017). In addi-
tion, to reducing the cost of a project, and aside from 
the 3D models of BIM portrayals, project administrators 
can utilize 4D models to measure the risks of the project 
more accurately and efficiently (Alhumayn et  al. 2017). 
Despite the fact that this procedure can help the project 
to be dynamic and practical, it would not be considered a 
sustainable methodology unless it incorporated environ-
mental benefit and individual and societal needs (Alhu-
mayn et al. 2017). In addition, the use of BIM in different 
parts of the project can contribute significantly to cost 
efficiency (Alhumayn et  al. 2017). For example, predict-
ing the future requires coordinated efforts and commu-
nication among colleagues reducing wastage, saving time, 
improving the structure of the board, and lowering pro-
ject costs (Alhumayn et al. 2017).

BIM is a building industry improvement that reflects 
a shift from electronic planning to a model-based pro-
cedure (Alhumayn et  al. 2017). BIM is used to make 
a model that is not just a geometrical portrayal, but 
also contains information and properties that can 
be utilized by project members at any time and place 
(Brundtland 1987). The BIM model can be made 4D by 
associating model components with time timetables, 

as typically 5D models involve coordinating cost esti-
mations with model components (Alhumayn et  al. 
2017). Furthermore, 6D is defined as the representa-
tion of the As-Built model, an extension of the BIM 
model for Facilities Management that incorporates spe-
cific data required for the Operation & Maintenance 
(O&M) stage using information embodied in the rich 
Project Information Model (PIM) (Charef et  al. 2018). 
O&M manuals, plans, and technical support can all be 
embedded in the 6D BIM. This is an "As-Built" model 
that must be updated throughout the asset lifecycle. 
The 6D is also defined by the National Building Specifi-
cation (NBS) as a dimension that includes information 
to support facility management and operation actions 
(Charef et al. 2018).

Within BIM, a significant proportion of the informa-
tion required for supporting a task’s execution can be 
captured readily through planning (Salgueiro and Fer-
ries 2015). By utilizing a structured data model, design-
ers can dissect how a structure will perform in the early 
stages of planning and based on this, can rapidly survey 
structure choices to decide on the best option to repeat 
on a greener structure (Salgueiro and Ferries 2015). The 
majority of BIM tools have different benefits for assessing 
energy and material utilization investigation and an elec-
trical and mechanical component of the structure with 
the aim that it would quickly generate data for reducing 
the wastage of energy and resources (Salgueiro and Fer-
ries 2015). Part of the BIM programming, for example, 
Autodesk Ecotect and Revit, give some normal devices 
that process data to clarify the environmental benefits of 
the project. This further empowers designers and plan-
ners to manage utilization of energy and material assets 
effectively (Bahar et al. 2013). Giving examination on the 
sun-oriented way, building direction, concealing plan and 
warming, and cooling assurance, such programming can 
incorporate information to accomplish a greener struc-
ture (Bahar et al. 2013).

The Western Australia Council of Social Services 
(WACOSS) characterizes the event of social sustainabil-
ity as “when the formal and casual procedures, frame-
works, structures, and connections effectively bolster 
the limit of present and future ages to make sound and 
decent networks” (Ghahramanpouri et al. 2013). Socially 
practical networks are fair, various, associated, and law-
based and provide personal satisfaction (Ghahraman-
pouri et al. 2013). Usually, the advantages of sustainability 
from a social perspective are considered inside enhance-
ment for different aspects of sustainability, which result 
in advancing human prosperity, happiness, and wellbeing 
(Alhumayn et al. 2017). In regard to sustainability, social 
responsibility tends to incorporate a wide range of ideas 
and definitions, which can be separated into two groups 
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relative to their association with BIM: reliant and free 
benefits (Alhumayn et al. 2017).

However, most of the definitions and ideas recom-
mended as socially sustainable plans are independent 
from different factors, which are primarily subjective 
(Sassi 2006). There are various different ways in which a 
sustainable building structure can improve personal sat-
isfaction for the general public, leading to a better-quality 
environment, neighbourhood reclamation, and reduc-
ing threats to wellbeing from toxins related to building 
energy use (Asif 2016).

One of the benefits that can be considered is the open-
ings in vernacular design and their advantages in inac-
tive energy (significance and size) (Alhumayn et al. 2017). 
This issue can reach out to the arranging components of 
the area to take account of Islamic and cultural factors. If 
a new region is to be built, moving away from the present 
predominately cement neighbourhoods, investigating 
the utilization of latent cooling and conventional ventila-
tion procedures could be helpful (Alhumayn et al. 2017). 
One of the current issues is the materials used for roads 
and structures, which add significantly to the warmth 
island impact made in existing urban communities. Con-
ventions are significant, but not the only necessity for 
structures. Strict adherence to customary criteria may 
be wasteful. If a conventional building method is 10% or 
less incapable in energy reserve funds contrasted with 
the most feasible technique, at that point, the customary 
path is to be preferred (Alhumayn et al. 2017).

The significance of sustainability is that it must be 
considered in the initial phases of the project, begin-
ning from the plausibility arrange, and should execute a 
few elements. Earth, as a building material, is the most 
practical material for housing in Saudi Arabia, as well 
as in the vast majority of the world (Sun et  al. 2017). 
For a long time, it was the main building material used 
in Saudi Arabia, until oil wealth changed how Saudis 
planned and built their homes (Alhumayn et  al. 2017). 
All districts of Saudi Arabia used earth as the principle 
building material, regardless of whether it was mud forti-
fied with straws (as in the central, northern, and eastern 
regions) or stones (as in the western and southern areas). 
The new building methods using earth can make houses 
look very contemporary; the issue is with the architects 
and acknowledgement from individuals, as there is a psy-
chological boundary to returning to the use of earth as 
a truly sustainable and appropriate solution for current 
conditions (Sun et al. 2017).

BIM is important in this study because it allows for a 
better design interpretation; better evaluation of design 
options; and better analysis, early detection, and reso-
lution of conflicts between building components. BIM 
makes Mechanical Electrical Plumbing (MEP) and Fire 

Protection (FP) work better, which is not optional in any 
project.

Cultural factors affecting sustainable design

This section provides an overview of the existing litera-
ture considering cultural factors which effect the sustain-
able design in Saudi Arabia.

According to the Merriam-Webster Dictionary (2010), 
culture is “the customary beliefs, social forms, and mate-
rial traits of a racial, religious, or social group; also: the 
characteristic features of everyday existence (as diver-
sions or a way of life) shared by people in a place or time” 
(Dictionary 2010).

In academic literature, the home environment is con-
ceptualized in many ways. Some designers consider a 
home in terms of the rich interdependent psychologi-
cal meaning for the residents (Stafford 2011). Different 
designers advise that a home represents a typical social 
communication that describes an interpersonal creative 
expression and style, also, describes the social network 
and social class of its homeowner (Othman et al. 2015).

The 2030 Agenda for Sustainable Development, which 
adopted by all United Nations Member States in 2015, 
aims to coordinate efforts to improve sustainable growth. 
The 12th Sustainable Development Goal promotes sus-
tainable consumption and production patterns; one of 
its goals encourages people to educate and interest in 
sustainable consumption and lifestyles. However, differ-
ent results are observed across countries, these coun-
tries differences highlight the importance of the influence 
of the complex cultural and geographical contexts where 
studies were carried out (Othman et al. 2015). Individu-
als with a similar religious affiliation/belief in the same 
religion are thought to share a common cognitive sys-
tem of beliefs, values, and aspirations and are expected 
to behave accordingly. However, this theory ignores the 
contextual influences that may explain why those sharing 
a religious affiliation behave differently in many coun-
tries. Moreover, cross-cultural studies have shown that 
religion cannot be studied in isolation from all contextual 
influences (Othman et  al. 2015). In a study conducted 
in the United States and Canada, researchers discov-
ered that not only religious affiliation and religiosity but 
also the nation and the relationships between the two 
significantly predicted sustainable behaviour (Othman 
et  al. 2015). Another cross-country study in the United 
States and Germany discovered striking differences 
between people of the same religion in these two coun-
tries: among United State respondents, a positive greater 
correlation between religious attendance and ethical con-
sumption was found, whereas, among Germans, the rela-
tionship was negative and not substantial (Othman et al. 
2015). The religion factor is vital for this study senses it 



Page 10 of 17Alghamdi et al. City, Territory and Architecture            (2022) 9:18 

represents the influence of the religion to achieve the sus-
tainable design across the world.

According to a study by Heathcote (2012), the interior 
decoration or the design of the furniture in the home 
shows the lifestyle and goals, as well as the personal life 
journey of the homeowner (Heathcote 2012). Further-
more, the same study identified some architectural ele-
ments for example windows, doors, and bedrooms as 
features that are functional and useful but also exert 
much impact on human domestic behaviours and actions 
inside the house environment. Despite the size, the num-
ber of rooms, style, or real estate value, each house pro-
vides its residents or owners with objects that help both 
their social and personal needs (Heathcote 2012). Fur-
thermore, the architectural styles and materials utilised 
in houses created in the Middle East change from houses 
in her predominantly Muslim countries, for instance, 
Malaysia, because of climate factors and the locally avail-
able materials in the country. Despite these factors, some 
houses in predominantly Muslim countries tend to share 
a “humility in design” approach, such that houses are 
built with more sustainable and economical materials 
that additionally give thermal comfort inside the building 
(Othman et al. 2015).

With the significant development of projects in the 
gulf countries and specifically in Saudi Arabia, culture 
is different which may effect on the design of houses, 
construction industry, and energy consumption in these 
countries.

Cultural factors affecting sustainable design in Saudi 

Arabia

For a significant period, the provision of housing to Saudi 
inhabitants has used a traditional methodology, since 
interest in housing in the Middle East developed because 
of fluctuations in population growth and income levels. 
The Saudi culture is characterized by the teachings of 
Islam, represented by the Hadith and the Qur’an. Islam 
is an extensive lifestyle where every human action–for 
example, education, business, social connections, and 
science is driven and administered by God (Moritz 2013). 
The Saudi culture has been described as the most preser-
vationist culture in the world (Nordin 2018). The religion 
of Islam is followed by 100% of the Saudi population, also, 
Islam governs all aspects of Saudi life (Nordin 2018). The 
Qur’an and the Hadith of Prophet Mohammed (PBUH) 
are followed and applied in regular activities (Sulandari 
et al. 2017). Islam is reflected in the structure of a Saudi 
or Muslim house on account of the requirement for sepa-
ration between male and female members of the family 
(Sulandari et al. 2017). Muslim women must not uncover 
herself in front of any man, except for her father, siblings, 
uncle, spouse, children, nephews (of blood connection), 

and grandfather. This requirement has significantly 
affected the structure of the Muslim house, requiring 
separate sections: one for men and the other for women. 
Gender segregation in Saudi houses is commonplace and 
required to follow the Islamic way of life (Nordin 2018).

In addition, the social and strict foundations of Saudi 
society determine how far people live from a mosque, 
further influencing the structure of a Saudi house from 
various perspectives. Since a Muslim must pray five times 
a day, living near to a mosque is a necessity in the Saudi 
culture (Al Surf et al. 2012). Traditional neighbourhoods 
were based on a large focal Masjid (mosque), which was 
commonly surrounded by the town.

Traditionally, one large Masjid would serve the entire 
town, which had various implications of interest (Nor-
din 2018). One of the many disadvantages of having such 
a large number of Masjids in a single neighbourhood is 
that individuals do not collaborate as they used to previ-
ously (Al Surf et al. 2012).

Furthermore, a typical Saudi home is intended to be 
as far away from others’ view as possible. Privacy is cen-
tral to the design of any Saudi house, and all individuals 
associated with development projects in Saudi Arabia–
for example, urban originators, draftsmen, scene plan-
ners, and social researchers–should consider this critical 
aspect of the building (Tawfiq Abu- Gazzeh 1995). Fur-
thermore, privacy is fundamental to the building of 
housing for tenants in accordance with Muslim culture 
(Mahmud 2009).

Privacy

In the last years, many Muslims have established new 
houses in many different locations around the world. 
Islam has strong religious traditions that are directly 
applicable to the construction and organization of life 
within the home and its environment (Othman et  al. 
2015). The design of traditional Muslim houses is sub-
jected to guidelines from principles outlined in Islamic 
Sharia Law, which is obtained from the Quran as well 
as hadiths and sunnah (Othman et  al. 2015). Following 
three main principles have developed from these guide-
lines: privacy, hospitality, and modesty. In order, these 
three principles form the primary considerations of those 
who aim to build a traditional Muslim house. However, 
the migration of Muslims around the world also exposes 
them to the traditions and cultures of their host nations 
(Othman et  al. 2015). Privacy in the traditional Islamic 
house contains four central layers: (a) privacy between 
gender (male and female), (b) privacy between neigh-
bours, (c) privacy between family members inside the 
house, and (d) personal privacy. Such privacy conditions 
are usually met by a very careful design by making sure 
that the safety of the family and separating the private life 
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from public associations (Memarian et al. 2011). Several 
studies have focused on how Muslims can achieve privacy 
and increase hospitality within their houses. However, 
about the importance of domestic spaces for performing 
religious ceremonies and the practice of humility in the 
context of house design (Othman et al. 2015).

Privacy violation in Saudi Arabia

Violation of privacy is the primary issue faced by inhab-
itants of Riyadh today (Ukuhor and Abdulwahab 2018). 
This is the result of the lack of appropriate building regu-
lations preventing the development of elevated structures 
in proximity to low-level private homes (Cardenas 2016). 
This has meant that the inhabitants of homes have suf-
fered violations of their privacy, something that is con-
sidered to a greater extent in the MENA district as a 
result of the requirements of the religion and culture of 
the region (Nordin 2018). There is now a potentially haz-
ardous mix of single workers that would prefer to live in 
densely populated high rises, living in or close to sepa-
rated single-family residential zones (Nordin 2018). This 
has prompted numerous privacy issues across the city of 
Riyadh, and throughout the KSA (Ukuhor and Abdulwa-
hab 2018).

According to a study carried out by Hanan and Shar-
ples which focused on typical Saudi residential build-
ings (i.e., apartment complex), such buildings must 
achieve energy and water efficiency, and certain design 
and operational changes could have a major influence 
on the sustainability performance of the building (Hanan 
and Sharples 2010). The energy-saving measures consid-
ered were increasing thermal insulation of the roofs and 
external walls, fitting external shading devices, efficient 
glazing, and fitting energy-efficient fluorescent lighting 
(Hanan and Sharples 2010).

In conclusion, The Saudi culture is characterized by 
the teachings of Islam, represented by the Hadith and the 
Qur’an. Islam is an extensive lifestyle where every human 
action–for example, education, business, social connec-
tions, and science is driven and administered by God. 
Furthermore, privacy is central to the design of any Saudi 
house, and all individuals associated with development 
projects in Saudi Arabia–for example, urban originators, 
draftsmen, scene planners, and social researchers–should 
consider this critical aspect of the building. Moreover, 
the interior decoration or the design of the furniture in 
the home shows the lifestyle and goals, as well as the per-
sonal life journey of the homeowner.

Current deployment of sustainable design and future 

recommendations

This section provides an overview of the sustainable 
design implementation and future recommendations.

Sustainable performance of buildings is currently a 
huge concern between Architecture, Construction, and 
Engineering experts due to measures such as build-
ing codes in addition to national and regional purposes 
(Zanni et  al. 2017). The overall aim is to decrease the 
influence of buildings on the environment while improv-
ing human comfort and health. Many countries and 
international organisations such as the UK and the USA 
have started rating systems to assess sustainable con-
struction. Currently, these assessment methods are uti-
lised as frameworks for environmental design by building 
experts, although they do not guide the design process. 
Furthermore, the design of high-performance buildings 
is a complex, nonlinear, iterative, and interactive process 
that needs active collaboration between the multidisci-
plinary teams from the early stages to reach sustainabil-
ity results (Zanni et al. 2017). In the UK, BIM adoption 
has risen in recent years, there is limited evidence that 
sustainability has been systematically considered as an 
essential part of the BIM collaborative process. Some 
BIM related frameworks are based on the international 
assessment rating systems such as BREEAM and LEED, 
while others have generated tools that are combined into 
BIM design software to automate performance-based 
decision making (Zanni et  al. 2017). This is a compli-
ance measure that has been successfully used to reach 
sustainable improvement in countries around the world 
such as the UK, where the BREEAM rating scale is a 
successful tool. BREEAM in the UK, and different cer-
tification systems in other countries, are of high impor-
tance at the global level and play a key role in the entire 
construction of sustainability (Zeinal Hamedani and 
Huber, 2012). Furthermore, more clients in the USA 
are requesting LEED or other third-party certification 
of their projects (Brahme et  al. 2001). To maximize the 
actual sustainability advantages of LEED certification, 
designers are required to understand which combination 
of credits gives the optimal design variables to raise the 
building’s sustainability while keeping within budget-
ary limitations (Brahme et al. 2001). Moreover, there are 
more sustainability standards around the world such as, 
Minergie from Switzerland, Passivhaus from Austria, and 
Deutsche Gesellschaft für Nachhaltiges Bauen (dgnb) 
from Germany.

The main drivers promoting sustainable design are 
environmental and energy considerations, as well as 
several other factors such as health-related concerns 
and the desire to improve citizens’ quality of life (Hyde 
2000). In principle, sustainable buildings relate to the 
notion of climate-responsive design, which highlights 
the importance of natural energy sources with the 
aim of achieving building comfort through interac-
tions between the dynamic conditions of the building’s 
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environment (Hyde 2000). For example, the position 
of a window in a sustainable building is of the greatest 
importance as it could provide natural light, a source of 
air cooling, and ventilation.

Specifically, in gulf countries (including the KSA), as 
a result of badly designed buildings, approximately 80% 
of electricity in the home is used for air conditioning 
and cooling purposes (Akbari et al. 1996). In addition, in 
Saudi Arabia, as a result of fast population growth and 
increased urbanization, the residential sector booming 
and accounts for more than half of the country’s energy 
demand (Al-Shehri 2008). The design of new houses 
in Saudi Arabia is no longer based on the principles of 
vernacular architecture, which tends to involve the uti-
lization of local building resources, as well as the use of 
passive and low-energy strategies that could begin to 
decrease the need for both air conditioning and lighting 
requirements (Al-Ismaily and Probert 1997). Further-
more, electricity generation in Saudi Arabia is entirely 
dependent on the unsustainable practice of using fossil 
fuels, which has major environmental impacts on the cli-
mate, air, land, and water (Alnatheer 2006).

Furthermore, in the KSA there are no regulations, or 
compulsory building codes, that include laws related to 
sustainable architecture (Chwieduk 2003). Many archi-
tects support the idea that establishing a clear set of 
such codes and rules is one of the most important and 
cost-effective methods to increase the adoption of sus-
tainable practices, particularly those concerned with 
decreasing the consumption of energy and water in 
homes (Chwieduk 2003). Following the energy crises of 
the 1970s, building codes have been established in devel-
oped nations, and more recently in the developing coun-
tries of China, Argentina, and Taiwan; the sustainable 
building laws in some of the countries of the European 
Union are among the most stringent (Chwieduk 2003). 
The role that can be played by BIM in meeting sustain-
ability requirements should thus be investigated. In addi-
tion, Saudi Arabia construction industry is not growing 
well in achieving effective management and reaching 
great organisational performance. This was proved by 
the number of projects suffering delay, which increased 
from 700 projects in 2009 to 3000 projects in 2013 (Alhu-
mayn et  al. 2017). Also, the Saudi Arabia construction 
industry is characterized by inefficiency, due to a range of 
factors such as; rising demands from the clients and the 
use of traditional methods (Alhumayn et  al. 2017). Fur-
thermore, it has been stated that most of the construc-
tion companies in Saudi Arabia have a lack of knowledge, 
experience and management across the lifecycle of the 
project which makes it difficult for these companies to 
compete with more technologically advanced interna-
tional companies. This inefficiency makes delays, time 

overruns, and increases construction project costs (Alhu-
mayn et al. 2017).

In general, technology helps to, achieve better safety, 
identifying problem, and analysing and simulate poten-
tial environmental influences (Alhumayn et al. 2017). In 
Saudi Arabia, usually, the traditional building designed 
by 2D CAD drawings (plans, sections, elevations, etc.). In 
the world, technology increases this to 3D (width, depth, 
and height) and a 4D (the dimension of time) and 5D 
(cost). Furthermore, incomplete projects are common, 
the reasons for this is the large number of projects being 
put on hold, with project design errors, and ineffective 
project management. One key explanation can be attrib-
uted to the lack of design and planning, and this lack of 
planning is due to the limitation of participation of pro-
ject team leader in the project processes (Alhumayn et al. 
2017). Moreover, 6D is an extension of the BIM model 
for Facilities Management for the Operation & Main-
tenance (O&M) stage (Charef et al. 2018). On the other 
hand, It is common for a few generations of one family 
to live in a single house, where the elderly are cared for 
by the younger family members and held in high regard. 
Because of the multigenerational family units, Saudi 
houses must be larger in scale than those where a single-
family life in Alrashed and Asif (2015).

Current uses of BIM for sustainable design

A number of studies have shown that Saudi Arabia is 
considering cultural issues and how these are having an 
effect on the design of houses, especially given the large 
area of the country and the differences of culture between 
regions (Hanan and Sharples 2010). Furthermore, there 
are no required building codes or regulations, that sup-
port the sustainable design in Saudi Arabia (Hanan and 
Sharples 2010). Additionally, it is unfortunate to note that 
the electricity in Saudi Arabia is totally dependent on the 
practice of burning fossil fuels, which has major environ-
mental influences on air, climate, water, and land because 
it is an unsustainable practice.

The housing construction industry in Saudi Arabia has 
grown rapidly over the past two decades; this is despite 
many barriers in relation to government regulations and 
building codes, one of which is the application of sus-
tainable systems to housing construction (Al Surf et  al. 
2014). The years 1990–2010 saw dramatic growth in the 
urbanization of Saudi Arabia as compared with the other 
developing countries of the Arabian Gulf. Moreover, the 
Saudi housing typology and citizen behaviours and pref-
erences have greatly changed over the past three decades. 
In developing countries such as Saudi Arabia, the experi-
ence of a rapid rate and ratio of urbanization and infra-
structure expansion, especially with respect to residential 
buildings, is large (Karam 2010). However, comparing 
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this significant growth with other countries is clear that 
the issue of energy efficiency is not given serious consid-
eration in Saudi building designs (Karam 2010).

Consequently, a few studies have been conducted in the 
areas of development advancement and basic leadership, 
prompting the improvement of various enhancement 
models utilizing an assortment of methodologies. The 
establishment of a rating framework for green building 
is proposed to fit the unique natural conditions in Saudi 
Arabia. This rating framework is called the Saudi Ara-
bia Green Building Rating System (SAGRS). The SAGRS 
would be coordinated as a system committed to selecting 
the most ideal appropriate building materials highlight-
ing the potential benefits of BIM innovation (Ahmed 
et al. 2013). The system will consider the cultural issues 
and Life Cycle Cost (LCC) to complete its functionality. 
Saudi Arabia is one of the Middle East developing coun-
tries that consider cultural issues as a key criterion for 
green building assessments which restrict the architect 
during the design process (Ahmed et al. 2013). Also, with 
no Saudi building code to support sustainability, it is very 
complicated to manage and achieve sustainable designs 
especially in the domestic sector (Hanan and Sharples 
2010). The using of BIM for sustainable design has many 
benefits as follows below.

Benefits of utilizing BIM for sustainable design

The Saudi locale is suffering, arguably more so than in 
many parts of the world, from difficulties with regard to 
sustainability in the housing sector (Asif 2016). Not only 
is the region well known for its harsh dry conditions, 
but it also additionally shows evidence of an exception-
ally high use of energy and water per capita compared 
with other densely populated territories globally (Asif 
2016). Thus, it is essential to provide some insight into 
the unique difficulties, which include financial, environ-
mental, and socio-cultural issues, facing Saudi Arabia 
(Asif 2016). BIM can offer and set out multi-disciplinary 
information within one model. This enables sustainability 
to be measured through planning and conveying expecta-
tions (Alhumayn et al. 2017). BIM has become an essen-
tial piece of sustainability examination and recreation and 
assumes a significant role in reducing industry waste and 
environmental damage (Alhumayn et  al. 2017). In this 
way, the interest in BIM-based investigations in the field 
of sustainability is increasing significantly (Alhumayn 
et  al. 2017). BIM innovation, alongside its general uses, 
can add to sustainable development in different phases of 
a building project, from making significant decisions in 
the early stages to destruction, to increase the efficiency 
and execution of the project. Concerning practical devel-
opment, the commitment of BIM to building procedure 
can be contrasted, and the three fundamental elements of 

sustainability: environmental, financial, and social (Alhu-
mayn et al. 2017).

Integration of a BIM model with a decision-making tool 
and sustainability metrics could address the challenges of 
making decisions earlier in the design process and allow 
for specific sustainability cost–benefit analyses to be con-
ducted, based on the exact building state and character-
istics (Bank et al. 2010). BIM is intended to improve the 
way information is used in a building throughout its life 
cycle, and to reduce the influence of design, operations, 
maintenance, and occupant behaviour modification deci-
sions made to improve the building’s contribution to sus-
tainable infrastructure (Bank et al. 2010).

According to a study by Maria, Robby, and Kirti using 
BIM to achieve a sustainable building in the UK, BIM 
has an important impact on the sustainable outcome of 
buildings. The development of a structured process can 
help in sustainable design practice with building pro-
fessionals (Soetanto et  al. 2014). Learning from imple-
mented projects, using BIM methods, facilitates the 
scope of this process creation and advises future pro-
jects to prevent crashes. Process mapping is necessary 
to streamline the process, support key project processes 
and assist the design team to manage their responsibili-
ties (Soetanto et al. 2014).

Recommendations

This paper has discussed the current situation of the sus-
tainable design in Saudi Arabia and how is there a lack 
of government regulations concerning the use of sustain-
able methods.

As part of this review, several studies have shown that 
Saudi Arabia is considering the cultural issues and how 
is that effect on the design of houses especially with the 
large area of the country and the differences of culture 
between the cities.

A key limiting factor is that there are no required build-
ing codes or regulations, that include the principles of 
sustainable design in Saudi Arabia that support engineers 
and architects to achieve sustainability in Saudi Arabia. 
Additionally, it is unfortunate to note that the electric-
ity in Saudi Arabia is totally dependent on the practice 
of burning fossil fuels, which has major environmental 
influences on air, climate, water, and land because it is an 
unsustainable practice.

The explicit research recommendations are thus as 
follows:

1. To develop and understanding of the extent and 

impact of cultural issues on achieving sustainable 

design. In Saudi Arabia specifically this means Saudi 

is a country relating to Islam which needs a spe-

cial understanding of the culture. (As discussed in 
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“Sustainability”and “Cultural factors affecting sus-

tainable design”).

2. To analyse the different viewpoints on sustainabil-

ity within and between the professionals involved 

in sustainable design and members of the public. In 

Saudi Arabia this means the designer should consider 

both the professionals and public opinion about the 

designing process. (As discussed in “Sustainability”).

3. To develop a framework of comprehensive measures 

for evaluating, rating, and certifying the sustainable 

design of buildings with consideration to locality-

specific factors. In Saudi Arabia specifically this 

means Saudi Arabia needs to consider specific factors 

to achieve more sustainable design in the country. 

(As discussed in “Sustainability”and “Building Infor-

mation Modelling (BIM)”).

4. To ascertain the current level of utilization of BIM 

technologies in general, and specifically for sustain-

ability analysis. In Saudi Arabia the current level of 

BIM is still developing and need to be more incor-

porate in the construction sector (As discussed in 

“Building Information Modelling (BIM)” and “Con-

clusion”).

5. Developing a methodology, supported by BIM, for 

both government projects and private houses. Specif-

ically Saudi Arabia, needs to enable BIM in the con-

struction industry to improve its decision-making 

regarding sustainability for both refurbishment and 

new buildings (As discussed in “Building Information 

Modelling (BIM)” and “Conclusion”).

Conclusion

The lack of measures and not having extensive under-
standing of Building Information Modelling (BIM) adop-
tion, and the related expenses and benefits, are among 
the fundamental difficulties facing BIM execution in the 
Saudi Arabia construction industry. This literature review 
has shown that BIM is now used in Dubai, but only for 
particular kinds of projects. Although BIM is begin-
ning to be adopted in Saudi Arabia, there is a lack of 
authoritative sources about BIM (Alhumayn et al. 2017). 
There are a few programming organizations that provide 
some component of the BIM procedure, but they do not 
regard the procedure as one entirety. Thus, there is a 
need to institutionalize the BIM procedure strategically 
in the Saudi Arabia construction industry (Asif 2016). 
To advance BIM adoption, businesses and organizations 
must learn about its affordances (Alhumayn et al. 2017). 
Businesses should develop procedures and approaches to 
advance BIM adoption to mitigate current risks within 
the construction sector.

BIM came as a solution which can be used during the 
project life cycle, which can help the quality of the design 
from the early stage of design until the demolition of the 
building. BIM is at the forefront of moving the construc-
tion industry into the digital age and will help to achieve 
the sustainable design in Saudi Arabia. Although building 
associations are demonstrating enthusiasm for BIM, their 
interest is communicated as belief in things to come and 
not as a present-day reality.

This paper has analysed relevant literature in the area 
of sustainable building design and the impact of cultural 
issues, focusing on the case of Saudi Arabia. This review 
has identified the lack of using technology to support 
designs in Saudi Arabia, lack of achieving sustainabil-
ity in Saudi Arabia, culture issues effect on designing in 
Saudi Arabia, and lack of using BIM in Saudi Arabia for 
both public and private project. These issues have led to 
a series of recommendations that have the potential to 
improve the adoption of sustainable design in Saudi Ara-
bia by using Building Information Modelling (BIM). The 
explicit research recommendations are thus as follows:

1. To develop and understanding of the extent and 

impact of cultural issues on achieving sustainable 

design. In Saudi Arabia specifically this means Saudi 

is a country relating to Islam which needs a special 

understanding of the culture. (As discussed in “Sus-

tainability” and “Cultural factors affecting sustainable 

design”).

2. To analyse the different viewpoints on sustainabil-

ity within and between the professionals involved 

in sustainable design and members of the public. In 

Saudi Arabia this means the designer should consider 

both the professionals and public opinion about the 

designing process. (As discussed in “Sustainability”).

3. To develop a framework of comprehensive measures 

for evaluating, rating, and certifying the sustainable 

design of buildings with consideration to locality-

specific factors. In Saudi Arabia specifically this 

means Saudi Arabia needs to consider specific factors 

to achieve more sustainable design in the country. 

(As discussed in “Sustainability” and “Building Infor-

mation Modelling (BIM)”).

4. To ascertain the current level of utilization of BIM 

technologies in general, and specifically for sustain-

ability analysis. In Saudi Arabia the current level of 

BIM is still developing and need to be more incorpo-

rate in the construction sector. Moreover, implement 

some software’s such as, Nevada software, ACCA 

software (As discussed in “Building Information 

Modelling (BIM)” and “Conclusion”).

5. Developing a methodology, supported by BIM, for 

both government projects and private houses. Specif-
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ically Saudi Arabia, needs to enable BIM in the con-

struction industry to improve its decision-making 

regarding sustainability for both refurbishment and 

new buildings (As discussed in “Building Information 

Modelling (BIM)” and “Conclusion”).

It is our view that Saudi Arabia needs to support Build-
ing Information Modelling (BIM) not as a digitally trans-
form the construction sector but as a unique way to 
achieve sustainability in Saudi Arabia.
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