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Abstract 

The building sector is one of the highest consumers of energy in the world. This 
has led to high dependency on using fossil fuel to supply energy without due 
consideration to its environmental impact. Saudi Arabia has been through rapid 
development accompanied by population growth, which in turn has increased the 
demand for construction. However, this fast development has been met without 
considering sustainable building design. General design practices rely on using 
international design approaches and features without considering the local 
climate and aspects of traditional passive design. This is by constructing 
buildings with a large amount of glass fully exposed to solar radiation. The aim 
of this paper is to investigate the development of sustainability in passive design 
and vernacular architecture. Furthermore, it compares them with current building 
in Saudi Arabia in terms of making the most of the climate. Moreover, it will 
explore the most sustainable renewable energy that can be used to reduce the 
environmental impact on modern building in Saudi Arabia. This will be carried 
out using case studies demonstrating the performance of vernacular design in 
Saudi Arabia and thus its benefits in terms of environmental, economic and 
social sustainability. It argues that the adoption of a hybrid approach can 
improve the energy efficiency as well as reduce the carbon footprint of buildings. 
This is by combining passive design, learning from the vernacular architecture 
and implementing innovative sustainable technologies. 
Keywords: climate, environmental impact, passive design, renewable energy, 
Saudi Arabia, sustainability, vernacular architecture. 
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1 Introduction 

The sustainable development becomes a global concern. This is because of 
different factors such as the growth of population, environmental impact and 
rapid development in developing countries. According to Mumovic and 
Santamouris [1] fifty per cent of the world population are living in cities and 
they expect this to increase to 80% in rich countries. This would increase the 
urbanization in the main cities in these countries. Thus, it will lead to an increase 
in the demand for energy to supply electricity, heating and cooling of buildings. 
This will significantly produce a large amount of gas emission from various 
sectors such as transportation, building and industry to the atmosphere. 
     The sustainable design of buildings in Saudi Arabia identified centuries ago is 
well embedded within its culture. Moreover, vernacular design in Saudi Arabia 
and the gulf region features in general, used the available resources and 
considered the local climate, which is hot and dry [2].  However, the economic 
development in Saudi Arabia after discovery of oil in 1950 accelerated the 
development in construction. The rapid development in construction was met 
without regard for vernacular design in the Kingdom. This is seen by using 
international design, which utilizes large areas of glass and steel and relies 
mainly on mechanical systems to provide lighting, heating and cooling [2]. 
Furthermore, the energy supplies of the buildings depend on the national grid, 
which uses a conventional process from fossil fuel. At the same time, the 
application of integrated renewable energy was not considered in the design of 
buildings despite the high availability of solar radiation that reaches the Saudi 
land, which is around 7 kwh per square metre [3]. 
     The aim of this paper is to investigate the development of sustainability and 
use of passive design and vernacular architecture in current building in Saudi 
Arabia in terms of making the most of the climate. Moreover, it will explore the 
most sustainable renewable energy that can be harnessed to reduce the 
environmental impact of modern building in Saudi Arabia. 

2 Vernacular designs in Saudi Arabia 

The vernacular architecture advocates using local resources to meet the local 
need while reflecting the historical, cultural and climatic consideration [4]. The 
vernacular design depends on the trial and error method to deal with the local 
climate [4]. These designs have high flexibility and adaptability even when using 
new technology and materials [4]. The vernacular design uses different 
bioclimatic features, which depend on the climatic zone [5]. The main benefits 
from these features are to have thermal comfort, suitable lighting and air 
ventilation in the buildings [6]. 
     According to Derya [7] the planning of the vernacular design in the hot and 
dry climate was not for individual buildings, but for groups of buildings. The 
specification of these groups required narrow roads between buildings in order to 
provide more shade, and protected ventilation from the unpleasant outside 
climate. Another feature of the vernacular design in the hot climate is that it has a 
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courtyard in the buildings, which are used for activities and privacy for the 
occupants. The courtyard would also improve the ventilation system in the whole 
building. The process helps the warm air to become cold before entrance to the 
building. In many ways the incoming air is cooled by passing over wet surfaces 
[6]. In term of materials, the Arabian Peninsula vernacular design was a perfect 
example of sustainable design. This was achieved by using mud brick, thick 
walls and palm tree material to provide a more comfortable environment during 
the high temperature periods [2, 8]. 
     However, the literatures point out some negative aspects of the vernacular 
design such as the lack of aesthetic value and modern style. Abu-Ghazzeh [2] 
pointed out that the vernacular design should be protected and there is no reason 
for not adopting this style. This is introduced into the education system in order 
to advance the sustainability of design in Saudi Arabia. In addition, they argue 
that there is a lack of information about the efficiency of these designs such as 
ventilation systems [5]. Janet [9] argues that when the economic factors become 
more influential than comfort in the building they would take lessons from the 
vernacular architecture. 
     In the modern buildings, Aboul Naga and Elsheshtawy [8] found that the 
amount of energy used for modern buildings is six times higher than the 
traditional buildings. This is because of the high dependency on artificial cooling 
systems. These systems have high energy consumption, environmental impact 
and operation cost. In addition, the large streets and separated buildings that 
characterised modern buildings have an influence in losing the cultural and 
social aspects. This can be resolved by considering some essential criteria during 
the design phase. Derya [7] mentioned that there should be a climate expert 
during this phase who will analyse the site in terms of renewable energy, air 
pollution, the location of hazards and climatic features. This would reduce the 
high dependency on mechanical cooling and heating [4]. Therefore, it would 
increase the energy efficiency of the buildings while maintaining acceptable 
thermal comfort for the occupants. 
     According to Mohammed [10] there is no reason for not adopting traditional 
building style in Saudi Arabia. This is including using new technologies with 
modern concepts to have better, and more efficient, control of the indoor climate. 
Abu-Ghazzeh [2] who clarifies that there is a clear relation between culture and 
the traditional building in Saudi Arabia showed that the vernacular design in 
Saudi Arabia had been obtainable. It provides benefits to society in terms of 
privacy, security and to the built environment in terms of protection of natural 
resources. He further argues that the reason for moving from traditional design is 
because of hiring foreign expertise to meet the rapid development within the 
Kingdom. 

3 Primary energy in Saudi Arabia 

The Kingdom of Saudi Arabia is not only depending heavily on fossil fuel 
products in its economy but also for supplying energy in the country. The main 
primary energy production in Saudi Arabia was around 217 TWh in 2009 [11], 
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as shown in Figure 1. Figure 2 shows the total energy production from oil and 
gas in 2009. In 2009, Saudi Arabia was classified as the largest consumer of oil 
in the world in order to supply energy locally with a consumption level reaching 
120 TWh (around 73 million barrels per year) [11]. 
 

 

Figure 1: The primary energy consumption in Saudi Arabia and United 
Kingdom (1980-2010). 

 

Figure 2: Primary energy production in Saudi Arabia 2009 [11]. 

     In addition, the total energy consumption is approximately 183 TWh per year. 
This is depending on each sector in Saudi Arabia such as residential, 
commercial, industrial and agriculture as shown in Figure 3. The figure shows 
that the commercial buildings are consuming about 30 per cent of energy. 
 

 

Figure 3: The consumed energy by sector in 2009 in KSA [11]. 
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     There are several challenges facing the energy sector in Saudi Arabia. The 
high growth rate in Saudi Arabia is around 3 per cent per year. In spite of this, 
there are some arguments that this number would be decreased, as the females 
would have more jobs opportunity [12].  If it remains constant at this rate, the 
population in 2050 will be more than double. In addition, the carbon emission 
produced from supplying this energy is extremely high which is estimated at 550 
million tonnes of carbon dioxide as shown in Figure 4. The joining of 
international organizations such as climate change, and the climate change-
Kyoto protocol will increase the pressure to reduce the emission and sustain the 
development in the country. 
 

 

Figure 4: The CO2 emission for KSA and United Kingdom (1980-2010). 

3.1 The application of renewable energy in Saudi Arabia 

Saudi Arabia has realized the potential of renewable energy to reduce the 
dependency on fossil fuel in supplying energy [13]. The Government has 
commissioned some research and development in these fields. The majority has 
been conducted in King Abdulaziz City for Science and Technology (KACST) 
projects. In addition, there are some joint ventures in the research and 
development between the Energy Research Institute (ERI) at KACST and 
SOLERAS from the United States and HYSOLAR from Germany [13]. The 
projects have been developed by ERI as summarized in Table 1. The aims of 
these projects are to supply energy to the rural areas that are not connected to the 
national grid and for lighting in the mountain areas [14]. Moreover, photovoltaic 
(PV) technology is used to produce potable water in the desalination plants or to 
pump it from the ground water. 
    The projects, which are undertaken by KACST in renewable energy, have 
been contributing to understanding the performance of these technologies within 
the Saudi Arabia climate. However, the energy output for some of them has 
decreased, and others have been eliminated [14]. The Solar Village project is 
located in the hot desert climate outside Riyadh, the capital city of the Kingdom. 
The efficiency of the PV used is given in the range of 8 to 11 per cent. The PV 
system was operating positively in the 15 years but the output is reduced by 20 
per cent with an annual failure of 2.6 per cent [13]. This is due to the process of 
cooling the cells by using the heat sink assembly. This was not efficient for this 
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Table 1:  Renewable energy project controlled by KACST [14]. 

 
 
climate, which caused some models to fail and change their colour to brown. In 
addition there were short circuit problems and water impact in the models [14]. 
Another negative aspect is the failure for non-photovoltaic materials such as 
membranes. For example, the desalination project was closed for this reason, 
classifying the project as uneconomic. In addition, one of the difficulties is 
maintaining and cleaning the PV, especially in high mountain areas involving 
unskilled workers. According to Alawaji [13], when the panel has accumulated 
dust and dirt the efficiency will reduce by 2.5 per cent per month and this will 
require water for cleaning. 
     In the construction industry, there are several initiatives focusing on 
developing green building design in Saudi Arabia. This is to reduce the carbon 
emissions and increase the energy efficiency by adopting new technologies. King 
Abdullah University for Science and Technology (KAUST) campus have 
integrated the buildings by adopting sustainable practices. They install high 
performance roofs using hybrid technologies, such as photovoltaic and solar 
thermal equipment to generate heat and electricity as shown in Figure 5. This 
system has been installed in 900,000 square feet of roofs, and it estimates to 
meet 8 per cent of the whole campus demand for energy [15]. Other features in 
this project include constructing a high solar tower for passive cooling. In this 
tower, fans are installed to meet the different pressures as shown in Figures 5–6 
[15]. The tower has high performance glazing that filters daylight and reduces 
the use of artificial lighting. This project is the first building that has a platinum 
LEED certificate in Saudi Arabia [16]. 
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Figure 5: The solar tower and the top roof at KAUST [15]. 

 

Figure 6: The overview of the ventilation system at KAUST [15]. 

     Furthermore, the north park tower project in Khobar, which was completed in 
2011, has integrated the building with renewable energy. This is achieved by 
installing the photovoltaic panel in the car park, which is around 17 hectares 
(17000 square metres). This would be generating the complete energy demand 
for the building which is around 10 MW and the panels would provide the 
shading needed for cars as shown in Figure 7 [3]. 
 

 

Figure 7: The north park tower project [3]. 
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     This demonstrates that there is a contribution towards sustainable 
development especially in the field of supplying energy. However, this progress 
is still needed in order to improve the energy consumption produced from fossil 
fuel and to sustain the growth in the country. 

3.2 Sustainable and energy efficiency in Saudi Arabia 

The advantages of using renewable energy are not only for the environment but 
also for the society. Alnatheer [17] stated that the application of these 
technologies will not only reduce the environmental impact and secure the 
energy in Saudi Arabia but they would also create new markets, which would 
increase the availability of jobs in the country. 
     However, there are several barriers to integrating a building with renewable 
energy in the Gulf Country Council (GCC) in general and Saudi Arabia in 
particular.  As mentioned by Taleb and Pitts [18], the obstacles to 
implementation of PVs in the GCC include the lack of public awareness of the 
environmental benefits of using this technology. The cheap electricity supplies 
from the conventional process in the region depend on fossil fuel. In addition, 
there is a lack of information available on the performance of renewable energy 
technologies and their economic benefits. Furthermore, they point out that the 
most significant challenge of these technologies is the public acceptance; 
especially there are issues regarding solar energy education in Saudi Arabia. 
Moreover, according to Alnaser and Flanagan [19] there is a lack of strategy in 
sustainable building in the GCC, which could cause an energy crisis and harm 
the environment. They mentioned the decision makers in the GCC who claim 
that the renewable energy would only be economic in rural areas, which are not 
on the national grid [19]. Furthermore, According to Taleb and Sharples [20] the 
energy efficiency is not being considered seriously in buildings in Saudi Arabia. 
They observed that the designs of buildings in this region are not taking into 
account the harsh climate and application of new technologies in the buildings. 
They argue correctly that the reasons for this are in not using high thermal mass 
materials, and not improving the insulation for buildings and the lack of 
regulations. Moreover, in spite of the environmental benefit of installing 
photovoltaic panels in buildings it is not economical to use them without 
Government incentive because of the high cost [20]. In addition, there is a lack 
of familiarity and information from the involved parties, users and Government 
decision makers in Saudi Arabia that the application of renewable energy has 
economic advantages [17]. Huraib et al. [14] argues that there should be support 
from the Government as with the oil sector to the solar energy, which can only 
be adopted by incentive strategy. 

4 Research method 

A state-of-the-art literature review on vernacular design in Saudi Arabia and 
sustainable practice was conducted to evaluate energy efficiency in buildings. In 
addition, the literature review included the challenge for implementation of 
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renewable energy in Saudi Arabia particularly when integrated into buildings. 
Interviews with six experts in these fields with open-ended questions were 
conducted including designers, contractors, investors and scholars who are 
involved in this industry in Saudi Arabia. According to Haigh [21] the interview 
can potentially be a strong method for assessment and collecting in-depth data 
before using another approach. The interview schedule discusses the aspects of 
traditional building and modern design in Saudi Arabia; and in addition, the 
factors that influence adopting and realizing the potential of vernacular design. 
This will help to identify the barriers of integrating the building with renewable 
energy. In addition the interviews approach will enable this research to narrow 
the scope of the overall research project.  
     The interview schedule includes the following leading questions: 

 To what extent the tradition buildings in Saudi Arabia are sustainable in 
terms of social, economic and environmental factors. 

 To what extent the modern building in Saudi Arabia employs 
sustainable practices.  

 The barriers for integrating innovative sustainable technologies in Saudi 
Arabian buildings. 

5 Interview analyses 

This section would analyse the respondents’ views on the sustainable practice of 
the modern building and traditional building in Saudi Arabia. In addition, it 
would identify the barriers of adopting the renewable energy technology. The 
interviewees’ backgrounds are: three architects, two researchers and an engineer. 
The data show that, from five of the interviewees, the majority of modern 
buildings in Saudi Arabia do not have any sustainable practices. The engineer 
comments that there is a lack in the regulation and codes of the buildings in 
Saudi Arabia. They have not been updated for decades in terms of environmental 
assessment or energy efficiency. This interviewee added that some individual 
decision makers are engaging in sustainability and green building. However, 
they face difficulty in creating environmental buildings. This is because in the 
quest for best practice to be integrated into renewable and passive design the cost 
of projects would be greatly increased and organizations would not make a 
profit. However, there is an initiative from the Saudi Electricity Company to 
increase the efficiency of buildings in order to reduce the energy consumption by 
improving the insulation of the building envelopes. Another architectural 
designer points out that the owners of the buildings look for specifications, 
which are not suitable for the Saudi Arabia climate in terms of materials. The 
participants added that public awareness is particularly valuable. This is because 
the initial cost of the green building is high and the majority are not concerned if 
the building has LEED certification or not; they would make the decision based 
on the cost. 
     In terms of the traditional building in Saudi Arabia, the participants agreed 
that it has been built using local materials and taking advantage of the climate in 
terms of natural lighting and ventilation in that time. However, two of the 
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respondents mention that these buildings have certain limits to the ideas that can 
contribute in the buildings at this period. In addition, one of the interviewees, 
who is a specialist in maintaining the traditional building, says that there are 
many lessons that have been learned from these buildings. Furthermore, there are 
also many who did not discover that this is because these buildings are 
responding positively to the local climate and this is healthier for the occupiers. 
     In terms of renewable energy, three of the interviewees believed that Saudi 
Arabia can take advantage of the renewable energy like solar power and in some 
places for wind and geothermal energy. However, they mention the challenge of 
adopting these technologies. From a project manager’s view the installing of 
photovoltaic cells needs complicated processes and professional knowledge to 
increase the performance. It also has low energy efficiency, which is around 16 
per cent and that means to produce some useful amount from the panels would 
need a large area. Another points out that this technology would require more 
time for studying the geographic location and the performance such as the 
geothermal technology. They argue that it could be considered when the 
efficiency increases, which in turn would reduce the required area. However, the 
researcher points out that the photovoltaic technologies have been developed and 
especially with the nanotechnology it would be improved and the efficiency 
could reach 40 per cent or more. The availability of materials to manufacture the 
panels, such as silicon, in Saudi Arabia can offer the country economic 
opportunities. The challenges facing the country are the social issues, which are 
the public awareness of the principle of sustainability, climate change and new 
technology with a low carbon footprint. In addition, there is the issue of cleaning 
these panels, in which it is suggested finding a material for cleaning with less use 
of water to save the natural resource in Saudi Arabia. 

6 Conclusion 

Sustainable development can be achieved by combining various architectural 
approaches. The adoption of passive design and learning from the vernacular 
design can improve the energy efficiency with better quality of internal 
environments. This paper has represented some features of the vernacular design 
in Saudi Arabia. Furthermore, the performance of the renewable energy in Saudi 
Arabia was reviewed using previous projects as case studies. However, to 
advance sustainable buildings, research on the performance of the vernacular 
design is needed. Moreover, the cultural awareness of the advantages of these 
buildings in terms of ventilation and natural lighting should be adequately 
investigated and fully published. There is a need for raising public awareness to 
change their behaviour. In addition, building regulations are needed in order to 
reduce the energy consumption. This can be achieved by using a hybrid approach 
that seeks to integrate aspects of vernacular design with sustainable modern 
technologies. This would address the issues of these buildings in Saudi Arabia 
and hence advance the application of sustainable practice in Saudi Arabia by 
hybrid designs combining passive and active innovative sustainable 
technologies. 
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