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ABSTRACT 
This paper suggests a design framework that aims to achieve balance between different innovative design 
dimensions in contemporary Arab architecture. Firstly, a theoretical approach to the impact of globalization on 
Arab architecture is reviewed, discussing how and why the original identity of such architecture is vanishing. 
Secondly, three case studies for contemporary Arab architecture are assessed for their efficiency regarding use of 
digital design, sustainability, and regionalism. Finally, a novel design framework is developed, aiming to bridge the 
gap and achieve harmony between computation, sustainability, and regionalism in the Arab world contemporary 
architecture. 
Keywords:  Digital design, Computation, Sustainability, Regionalism.  

1.  THE IMPACT OF GLOBALIZATION ON ARAB REGIONAL ARCHITECTURE 
Globalization is a differentiated definition term, with a complicated array of edifying prospects that, once unconfined, 
rise vital problems about architecture, its foundations and its outcomes. Conservatively, the meaning of “globalization” 
has been associated with flows of investments, products, labor and ideas that have crossed, challenged and destroyed 
established boundaries of different countries. Globalization often brings to mind images of shrinking boundaries of 
different locations all over the world, to speed up transferring enormous amount of knowledge, data and travel 
technology decreases time and compresses space in the relations between diverse world cultures, economies, political 
systems and the built environment. (Walker, 2001). 
 
On the other hand, the influence of digital technology (especially computation) can be clearly noticed since the 
architecture of the last decade of twentieth century. These technologies, which developed by the western countries, are 
often related to the concept of globalization, including capitalism, marketing, and commercial culture. For example, the 
digital media façade is a new technology used to cover the whole building facades with the innovative technology of 
LED cells, where the building’s exterior became a huge media screen serves as a way advertisement. This we can call 
hi-tech approach, produced by capitalism, created  bale and flat buildings forms with no identity. 
 
Another example is the usage of algorithms in innovative ways of design, where the advances of computation 
capabilities due to rapid developments of digital design technology are utilized to boost the building form, simplifying 
the easy to design complicated organic forms with no construction or documentation constraints. This technology 
became one of the reasons of what we see today as a trend of Iconic Architecture everywhere in the world, where the 
building became an expressive landmark for the city located in, whatever the context or the functions are. 

2. TRADITIONAL ARCHITECTURE: A VANISHED IDENTITY? 
The Arab world conventional architecture is considered for a long time a trusted representation of their culture and 
their local heritage, as it is considered a reflection of people’s way of life and their interaction with natural 
environment, as well as devout references. Nowadays, the identity of such architecture has been lost, and replaced by 
the new design elements of western architecture, which driven to the loss of local identity and transformation of Arab 
city skylines to be similar to popular worldwide capitals. This change can be clarified in terms of the following reasons: 
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-Massive urban growth, as people leave rural areas preferring living in capital cities where all services are available. 
This phenomenon altered urban principles within cities, leading to the need of high-rise buildings and high density 
housing strategies. 
-Introduction of new design trends concerning sustainability, energy saving and using renewable resources, and the 
lack of contemporary local solutions. So, western tools were imported as-it-is to achieve sustainability in the unique 
environment of the Arab world.  
-The captivation by non-Arab civilization, where Arab societies left their original traditions to follow western ones as 
an alleged symbol of freedom and civilization. As well as domination of multinational corporations over the society, 
including restaurants, banks, etc.  
-The domination of Iconic architecture as a way for showing wealth and welfare, where oil based states are competing 
to have the highest, biggest and most luxurious. Eventually, the uniqueness of these buildings became invalid, as there 
are many “Iconic” buildings, leading to a type of randomness and urban chaos within such cities. 
-International design offices and famous star architects to have their signature on Arab city’s skyline, where these 
architects use the same theme of design worldwide, leading to buildings with no identity rather than the architect’s one. 
 

3. CASE STUDIES 
While the overall impression of losing local identity in contemporary architecture is prevailing in the Arab world, it is 
noticeable that a growing number of projects thriven to use technology, featuring computational design, to reinvent 
traditional concepts and techniques. In this section, three buildings of this type will be studied and analyzed according 
to three evaluation sets; use of computational design as the latest evolution in digital design, sustainability features, and 
regionalism. The selection criteria of such cases were gone as follows: 
 The building should be dedicated for the Arab regional identity, whether was built on an Arab state or serve people 

with Arab/Muslim regional identity. 
 The building should be a contemporary experience, expressing implications of the latest digital design tools.  
 The regional identity of the building should have used computational design as a main approach for the workflow, 

including form finding, fabrication, simulation and management. Buildings that used conventional approaches for 
regional architecture are not favored. 

 
After applying the previous criteria, a set of 8 contemporary projects where selected for their excellent related profile, 
regarding digital design, sustainability, and regionalism (Table 1.). For the limitations and scope of this paper, only 
three projects are reviewed here. 

Table 1. Selected case studies (author) 

 

3.1 King Abdullah University for Science and Technology (KAUST) 
KAUST is a graduate university in Thuwal, Saudi Arabia (Figure 1). It is dedicated to innovative research on renewable 
energy among other scientific top aspects. It was opened in 2009 and hosting more than 1200 postgrad students 
(Matthews, 2012). The campus, designed by HOK, compromises 26 buildings featuring various functions, including 
research laboratories, Greenhouse, library, data center, mosque, and auditorium. 
 

Project               Location 
King Abdullah university of Science and Technology (KAUST)                                Thuwal, KSA 
Abdul-Azziz Center for World Culture (ACWC)                            AL Dhahran, KSA 
Louvre Abu Dhabi                             Abu Dhabi, UAE 
American University in Cairo (AUC)                                 Cairo, Egypt 
Doha Tower                                 Doha, Qatar 
Almashrabiya house                           Jerusalem, Palestine 
Masdar Institute                             Abu Dhabi, UAE 
University of Saint Joseph campus for sports and innovation (USJ)                             Beirut, Lebanon 
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Figure 1.  KAUST campus (hok.com) 

 
3.1.1. Computational Design Features 

BIM technology was crucial to all phases of the project. It facilitated to model all project aspects very quickly. All 
energy aspects, day lighting aspects and the computational fluid dynamic (CFD) models had their origin in one original 
BIM model (Figure 2). Efficient coordination between different design teams and the use of one integrated model for all 
aspects made it possible to finish such massive constructions in just 3 years. In addition, the breakwater beacon was 
designed and constructed through parametric approaches. (Odell, 2014) 
 
 

 

 
Figure 2.  left -BIM model showing structure elements , Right-  CFD simulations for the buildings  (AIA, 2013) 

 
3.1.2. Sustainability Features 

KAUST's new campus is the Kingdom of Saudi Arabia's first LEED certified project and the world's largest LEED 
Platinum project. Regarding sustainable site planning, buildings are specifically oriented and grouped to maximize the 
benefits of the unique site microclimate and ecosystem. The campus paving design incorporates light-colored stone 
indigenous to similar harsh climates – reflecting rather than absorbing heat (HOK, 2010). 
Some sustainable features can be noticed like the two iconic solar towers and nearly 12,000 square meters of solar 
thermal and photovoltaic solar panels (figure 3). 
 
Regarding sustainability values, according to HOK, 100% of wastewater is recycled and used, leading to 42% reduction 
in water consumption. 27.1% is annual savings from energy costs resulted by the photovoltaic panels, covering 7.8% of 
the project’s energy needs. 80% of glazing is naturally shaded around the year (figure 4)  (Minutillo, 2010). 
 

 

 

Figure 3.  left-Solar tower model and after construction Right- Photovoltaic panels roof installment (HOK, 2010) 
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Figure 4. Sustainability diagram for laboratories and pedestrian spine (Minutillo, 2010) 

3.1.3. Regionalism Features 
The design of KAUST is affected with conventional regional architecture. This can be noticed in the performance of 
the campus not in the aesthetics of the campus (Odell, 2014). The campus is structured like traditional Arabic cities, 
the campus is compressed as much as possible to minimize the amount of exterior envelope exposed to the sun and 
reduce outdoor walking distances (Figure 5). As found in a traditional Arabic souk, shaded and passively cooled 
circulation thoroughfares are characterized by dramatic light and social spaces. (HOK, 2010)  
 
  

Figure 5. Compact planning allows maximum shading and less walking distances (Basulto, 2009) 
 
Passive ventilation strategies of the traditional Arabic house influenced the design of iconic, solar-powered wind towers 
that takes advantage of energy from the sun and wind to passively create airflow in pedestrian walkways. Similar to 
Arabic old screening element ‘mashrabiya,’ the campus shades windows and skylights with an integral shading system 
that reduces heat loads while creating dramatic dappled light. (HOK, 2010) (Figure 6) 
 
  

Figure 6.  Roof and façade screens inspired by traditional architecture   (Basulto, 2009) 
 

3.2 Abdul-Aziz Center for World Culture (ACWC) 
The project compromises various cultural facilities, including an auditorium, cinema, exhibition hall, museum, library 
and archive (figure 7). The auditorium has a capacity of 930 visitors, supporting a wide range of events ranging from 
opera, concerts, and lectures. The project also features a library containing some 200,000 books for all ages and 
categories of users.  The exhibition hall accommodates large-scale travelling exhibitions. The museum and archive 
facilities connect the vibrant cultural life of the center to the past and to the very roots of the society (Snohetta, 2013). 
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Figure 7. Abdul-Aziz center for world Culture (Arch20.com) 

 
3.2.1. Computational Design Features 

The project is one of the best examples showing computational design tools as an approach to bring ultra-complex 
architectural concepts into realm. The free form building envelope, formed of more than 3000 unique elements, made it 
an impossible to rely only on 2D drafting (Naeim, 2015). As a result, the original model was entirely turned into a 
Tekla BIM integrated model for further structure and referencing tasks (Figure 8). 
 
Designers used Grasshopper; along with other customized Python scripts they created themselves, to automate 
coordination, referencing and coding (by number and color) for every part of the façade. Besides the digital 
computational tools, it was also vital to use advance physical tools like 3D laser locators and CNC machines in the 
constrcution process. These tools reduce manufacturing time, reduce errors and increase accuracy (Figure 9). (Naeim, 
2015). 
 
 

   
Figure 8. Tekla BIM structural simulation and detailing (TEKLA, 2014)  

 

  
Figure 9. Computational design for curved facades, digital fabrication and 3D laser locators in construction (Naeim, 2015)  

 
3.2.2. Sustainability Features 

Vegetation has a great area of the project footprint. The vast green areas planted with indigenous vegetation to the 
desert region, which require a minimum amount of irrigation, this discipline is called “Xeriscaping” (Figure 10). 
Walkways are interlocked with the areas of plantation to create a natural setting for social gathering. (Snohetta, 2013). 
 
The façade is covered by advanced weather cladding glazing systems, weather panels, and aluminum louvers, to 
provide shade and comfort while not missing the view, allowing for 100% passive solar shading of the building fabric. 
Moreover, The HVAC systems installed by “Air Enterprise” are dedicated for efficiency and energy sustainability. 
(Ogerinternational, 2014). 
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Figure 10. Huge green areas with Xeriscaping technique throughout the project (Snohetta, 2013)  

 
3.2.3. Regionalism Features 
 

The concept is inspired by its regional culture and surroundings. The formal aspects of the architecture are influenced 
by Saudi Arabia’s geology and nature of rock formations that preserve petroleum energy (Chin, 2013), abstracting the 
buildings as a set of mountain stones arranged carefully (Figure 11), where the lower stones represent past and 
traditions, while the top ones symbolize the bright future. The architects integrated conventional building techniques 
including the rammed earth method, which will incorporate such materials as gravel, sand and clay to form the walls of 
the center. 
 

Figure 11. Section showing the rammed earth profile, and rock-like formation  (Snohetta, 2013)  

3.3  Louvre Abu Dhabi 
Louvre Abu Dhabi is an art museum located in Sadyaat Island, Abu Dhabi (Figure 12). It is designed by the French 
renowned architect Jean Nouvel. It was planned to be opened in 2015, but the opening was delayed to half 2016 as the 
construction did not meet the schedule (TheNational, 2015). The museum has approximately 24,000 square meters 
total area. The permanent collection will occupy 6,000 square meters, in addition to 2,000 square meters for temporary 
exhibitions (Riding, 2007). 
 

  
Figure 12. Louvre Abu Dhabi in visualization and during construction  (flickr.com) 

 

 

3.3.1 Computational Design Features 
During the conceptual phase, Digital fabrication techniques were used to create a 1:33 replica of the dome, which was 
built close to the site and used to confirm the design of roof pattern and complex light paths (Figure 13). An integrated 
optimization algorithm that reduced 2,497 unique members for each quarter of the dome to 44 standard bar types by 
varying the length of nodes’ arms within a range of 12mm (Imbert, et al., 2012). In addition using advanced parametric 
modeling software to create integrated 3D model where architectural, structural and MEP elements meet (Figure 14) 
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Figure 13. Using computational design to create Base pattern applied to dome, with studies of derived patterns, then The five outer 

layers of cladding of various scales, rotations, and member widths. (Imbert, et al., 2012) 
 

  
Figure 14. Integrated 3D model where architectural, structural and MEP elements meet  (burohappold, 2015) 

3.3.2. Sustainability Features 
The project features low energy consumption, passive cooling and heating techniques used to control temperature and 
humidity within the museum. Its unique design is aiming to achieve 31% reduction in energy use and a 27% reduction 
in water use compared to standard buildings, and reduction in the external heat gain by 72%. (TDIC, 2012, p. 62). In 
addition, the integration and adoption of day lighting as main part of the concept shows great attention to environment 
and experience of the place (Figure 15). 
 

3.3.3. Regionalism Features 
The project has many regional glimpse and features, going along with the culture of the place. The overall effect of the 
dome shading is meant to represent sunlight rays passing through the fronds of date palms  in an oasis, recreating the 
rain of light effect, which is an effect inspired by shaded Arab souk environments. In addition, the geometric 
composition of dome patterns was obviously based on traditional Islamic motifs (Figure 16). 
 

  
Figure 16. Geometric base for dome patterns (Bianchini, 2016) 

 

  
Figure 15. Daylighting impressive effects beneath the dome  (Bianchini, 2016)   
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4. COMPARATIVE ANALYSIS OF CASE STUDIES 

After checking on and analyzing each of the eight case studies individually, it was essential to put all building 
performance facts and data together in only one comparative analysis, to reveal focuses of common properties among 
the diverse cases. On the other hand, the comparison is a fundamental step towards creating the proposed design 
framework, where the weaknesses and strengths of each related case become obvious). The comparison is based on 
three main elements; computation, sustainability, and regionalism. The sub elements under those are selected according 
to the concluded data of individual studies, as well as points of interests of which such architectural trend is known for. 
The study is kept simple by only coloring the point that is achieved in project, with equal relative weights (Table 2.). 

Table 2. Comparative chart for computation, sustainability, and regionalism (author) 

 

5. THE DESIGN FRAMEWORK 
The aim of the previous analysis and evaluation was to monitor the state of contemporary architecture in the 
Arab world, and to remark the whole experience of such architectural trend. One of the most important 
conclusions of the evaluation is the gap between the three dimensions (computation, sustainability, and 
regionalism) in most of case studies. In other words, one dimension often overshadows the other ones, if 
computation is highly achieved; the regional identity is mostly poor. As a result, a framework that can bridge 
the gap between the three dimensions is needed, to create a wise balance between technology, identity, and 
sustainability. The following framework can be a guide for local architects to approach such new trend without 
sacrificing performance or identity. It is based on the previous comparative points revisited and combined 
within 4 phases (Predesign, Design, Construction, and Management). 

Table 3. Framework for computational sustainable regional architecture (Author) 

PRE-DESIGN PHASE 

SI
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S Field visits: to build architect’s strong impressions and site experience  

Surveying: using Hi-Tech tools (GPS coordination, 3D scanning, etc.) 
Climate history: studying dominant climatic conditions for the selected site over 
a certain period. 
Site history: Studying site history regarding functions, cultural value, etc. 
Solar exposure/ wind studies: integrated to computational environmental 
simulation tools for the best utilization of such resources. 
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Natural environment: Studying surrounding green areas, water features, and 
wild life. 
Pollutants: Analyzing air/water pollutants and VOC’s. 
Built environment: Studying surrounding buildings regarding functions, 
heights, orientation, architectural styles, history, and cultural values. 
Context infrastructure: Simulate scenarios to approach the site, traffic system, 
availability of main services, parking facilities, etc. 

DESIGN PHASE 

FO
R

M
 

BIM integration: from stage one, all conceptual thinking and drawings should 
be in BIM 
Form innovation: the resulting form should be unique, expressive and iconic for 
its surroundings 
Algorithmic exploration: computational generative tools to be used in initial 
form finding, pattern generation, and algorithmic space programming. 

E
N

V
IR

O
N

M
E

N
T

A
L

 

Productive microclimate:  to provide comfortable and delightful spaces for 
users, avoid extreme conditions. 
Shading strategies: Studying methods for shading facades and walkways 
passively (Solar simulation tools) 
Tuned to surrounding nature: The building should respect natural context, 
make use of topography, natural resources, views and etc. 
LEED Compatible: Design process to be guided by the LEED criteria, even if 
certification is not targeted. 
Passive cooling/ventilation: The design utilizes passive techniques to maximize 
benefits of natural airflow. 
Lighting as a prime element: Design should utilize natural lighting to cut the 
needs for artificial lighting, as well as an aesthetic value. 
Local materials: Attention to abundant natural materials offered by region to be 
made to cut costs and add a touch of locality. 
Renewable energy:  Design to compromise solar/ wind energies as possible for 
lighting/ heating aspects. 
Resource/ waste recycling: water, waste, etc. to be integrated to a recycling 
program for maximum utilization. 
Vegetation: Design to integrate foliage as a main element (roof gardens, 
landscape, green walls) 

SI
M

U
L

A
T

IO
N

S Computational Fluid Dynamics: Advanced airflow and natural ventilation 
simulations to be made on the BIM model. 
Solar exposure/Shading simulation: to optimize project’s environmental 
performance and test façade behavior around the year. 
Crowd simulation: To simulate users’ circulation and routines for evacuation 
plans and to optimize spaces under user pressure. 

SO
C

IE
T

A
L

 A
PP

R
O

A
C

H
 

Symbolize local culture: The concept should abstract and express culture and 
traditions of the place. 
Express regional architectural heritage: The concept should be indirectly 
inspired and affected by vernacular vocabulary and traditional building 
strategies, not as a copycat but as an innovative revisiting. 
Local architects: Designers related to culture of the place should be involved in 
the design process to provide genuine and indigenous solutions rooted from 
environment. 
Respect societal traditions: The design should support values and traditions 
within the local society (privacy, religious activities, etc.) 
Societal feedback:  The society should be involved in evaluation and criticism of 
the initial concept, their thoughts and suggestions to be collected and integrated 
into further design phases.  
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CONSTRUCTION PHASE 

C
O

N
ST

R
U

C
T

IO
N

 Structural BIM: Original BIM model to be used for further structural analysis 
and studies, synced with architectural concept to seamlessly update the model. 
Computational structural optimization:  The designed structural system should 
be tested and optimized, using advanced computational tools. 
3D mock-ups:  Before construction, several  
scale models should be digitally fabricated to explore form, behaviors, and 
users’ feedback. 
Digital fabrication: Building parts to be referenced, indexed and coordinated 
computationally, as well as manufactured guided by CNC. 

IN
-S

IT
E

 

In-site coordination: Construction process should rely on prefabrication, where 
minimum labor would be needed to install buildings parts, guided by BIM and 
GPS tools. 
Preserving site: During construction, original natural components (water 
features, trees, etc.) should be preserved and integrated to the project. 
Recyclable materials: Construction materials to be recyclable as much as 
possible, to save resources and reuse the left off materials. 

MANAGEMENT PHASE 

L
IF

E
C

Y
C

L
E

 Smart energy management systems: HVAC, façade louvers, etc. should be 
equipped with integrated systems guided by sensors to automatically optimize 
energy consumption and detect any issues. 
Functional flexibility: Building should adapt to frequent functions changes and 
support future extensions/ functions/ users capacities. 
Building Lifecycle plan: The building should have a recycling plan so its parts/ 
materials could be come apart in the future and used sustainably. 

6. CONCLUSIONS 
At a time of weakness for the contemporary Arab architecture, driven by globalization and the  
insignificant contributions of local architects, the digital design advances especially computational capabilities are 
utilized to be goals, not tools, reproducing western building forms within the Arab world, as seen in Dubai, Qatar, and 
many others. At this point, the prosperous heritage of Islamic architecture is being neglected, despite the promising 
potentials of its elements and reliability to the arid environment. However, these approaches often lack “modernity” and 
proper utilization of technology. Sustainability concept as an aim, still does not have a clear strategy to reach in the 
Arab world architecture, still does not have the proper attention from decision makers, stakeholders and developers. At 
the same time, Arab countries are in bad need for sustainable living, particularly in architecture. 
 
The Arab contemporary architecture shows high gap factor between achievement ratios in each of computation, 
sustainability, and regionalism. A state of imbalance and dominance of digitally based, showy design thinking still 
have the upper hand, which can be changed by more work to find a truly contemporary local identity for architecture in 
the Arab world. Such state make it a duty for local architect to adopt new design paradigms and frameworks to utilize 
technology without sacrificing the social and environmental needs of the region, in order to maintain a complete image 
of building sustainability. 
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