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Abstract 
The building industry creates many energy-related problems, such as the burning fossil fuels and the 
associated greenhouse gas emissions. At the same time, large numbers of building users experience low indoor 
environmental quality due to poor control of climatic conditions.  A potential solution to these issues has 
arisen that challenges the traditional idea of building envelopes being static, unresponsive elements. The 
switch from static to dynamic Climate Adaptive Façades (CAF) has created much research and practitioner 
attention in recent years. With CAF, components in the envelope change their form, size and orientation in an 
attempt to maintain predetermined environmental criteria in a space – for example, to keep air temperatures 
or daylight levels within a set comfort range. Such façades also have an aesthetic impact on the building’s 
external appearance. Many publications have discussed or modelled the potential of CAF and several CAF 
projects have been built around the world. This paper does not deal with CAF theory and modelling. Instead, 
because CAF concepts and technologies are still relatively new, an assessment of CAF projects is made by 
conducting interviews with the engineers and architects who actually designed and commissioned some of 
these façades. The questions in the survey relate to the reasons, processes and problems of using these 
façades and the paper concludes by outlining the limitations and barriers to using CAF in real buildings and 
considers if the CAF performance met designers and users expectations.  
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1. Introduction 
What defines a space in architecture is its separation from the surrounding environment by 
a building’s envelope.  Creating envelopes in architecture is symbolised by the internal 
environment that the envelope helps create, whether that be a basic protection for survival 
to providing comfortable thermal, visual and aural conditions in which occupants can thrive.  
Historically, building envelopes were designed as static elements to accomplish a 
moderating role in response to dynamic environmental conditions. However, recent 
advances in façade engineering have created façades that dynamically alter building 
envelope configurations. Climate adaptive facades [CAF] are able to actively moderate a 
building’s internal environment in response to the prevailing meteorological conditions and 
occupants’ preferences (Perino and Serra, 2015). This study examines the architectural 
implications and impacts of CAFs through discussions with practitioners who have been 
involved with some recent CAF projects. 
 

1.1 History 
Looking back in history, it can be seen that the idea of climate responsive building elements 
is not a new born technology. Le Corbusier adopted the idea of ‘mur neutralisant’ 
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(neutralizing wall), which was a double-skinned glazed wall with warm or cool air flowing 
within the cavity to moderate the interior enclosure – in effect, the first double skin façade. 
(Knaack, 2007). Later, Buckminster Fuller developed the idea of a dome-shaped structure 
(Figure 1) which formed an efficient indoor atmosphere for a human dwelling because it 
acted as a secondary envelope that allowed air and energy to circulate inside without 
obstruction, allowing the heating and cooling to occur naturally due to the spherical surface 
(Knaack, 2007, Buckminster Fuller Institute). In the 1980s Mike Davis formulated the idea of 
the Polyvalent Wall (Figure 2) with the help of Richard Rogers; this was in response to the 
environmental issues associated with the widespread use of the curtain wall inspired by 
Mies Van der Rohe’s architecture. The concept of the wall or as Rogers called it ‘A Wall for 
all seasons’ was to regulate the functions automatically to fit emerging conditions through 
providing sun and heat protection. However, the Polyvalent Wall remained just an idea as it 
did not turn into reality (Murray, 2009). 

 
 
 
 
 
 
 
 
 
 

Figure 1 Buckminster Fuller Dome Sructure                     Figure 2 Polyvalent Wall 
 
 

2. What influenced the development of Climate Adaptive Façades (CAF)? 
A number of factors have contributed to the emergence of CAF in recent years, and these 
include not only the desire to save energy but also the development of the double skin 
façade, a growing interest in biomimicry and advances in building simulation computer tools. 

2.1 Double Skin Façade   
The nature of the façade in the past few decades has changed from it being a simple 
element that acts as a protection system against the climate to a more complex membrane 
that not only operates as a barrier from the exterior conditions but also as a useful element 
in increasing the energy efficiency of buildings (Murray, 2011). The intermediate air space is 
crucial for the design of a double façade, as the air in between acts as an insulating barrier 
against the extreme environmental factors. There are many factors that determine the 
classification of double façades, and all of them are influenced by the air cavity (Boake, 
2003). Looking at the characteristics of double skin façades and the emerging interest in 
them, the similarities with climate adaptive façades can be seen, although the latter are a 
more complex version of double skin façades. Some types of climate adaptive façades fall 
out of the scope of this study, as they focus on the dynamic and kinetic types rather than 
the static adaptive ones, such as interactive and active façades. The conventional action of a 
double skin façade is the use of a double ‘glass’ skin, but this is not the case in adaptive 
façades, as the material of the exterior skin differs depending on the choice of the designer 
or the purpose of the skin.  



2.2 Biomimicry 
The living world provides a wide source for innovative design that has the potential of 
creating a more sustainable form of architecture. Observing the behaviour of living 
organisms provides an opportunity to improve the adaptive strategies of facades as those 
strategies can be learned from nature. Conserving energy, optimizing shape and adaptation 
to the environment and sustainability are some of many principles adapted by living 
organisms. Although the objectives are not the same, the application of such principles in 
construction might accomplish energy savings, efficiency, sustainable solution, improved 
performance and durability and a more appealing interior for building occupants. Nature 
has found a solution for every problem and in a more efficient way than any manmade 
industry, which makes it a successful resource from which to learn (Cadenas and González, 
2015). Although the application of such innovative design ideas and methodologies of bio 
inspired adaptive building skins is of great value, several limitations have been found that 
can obstruct the translation from nature to building envelopes. These limitations include 
conflicts in the requirements for aesthetics and functionality, the difficulties in narrowing 
down the wide scope of solutions found in nature, and not finding a mutual knowledge in 
the large gap between building design and biology (Loonen, 2015, Badarnah Kadri, 2012). 

3. Case Study Analysis and Practitioners’ Perspectives 
The paper is conducted through studying the theory and the practise of Climate Adaptive 
Façades. The practice part is explained by studying the performance of three case studies 
and analysing the perspective of their designers to derive the underlying purposes and 
decisions. The questions that were asked to the designers investigated their intentions in 
choosing adaptive to conventional façades and the resulted performance. 

3.1 Al Bahr Towers 
Al Bahr towers are located in the city of Abu Dhabi, the capital of the United Arab Emirates. 
The development of this project is deeply influenced by the history of its region and climate. 
The twin Al Bahr Towers are situated on the Island of Abu Dhabi, within a newly developed 
business district. The site looks to the east towards the sea and alongside a nature reserve 
and around a land of nothing but sand and palm trees (Figure 3). The towers’ height is 
approximately 150 metres, consisting of 29 storeys (Oborn, 2014). 

Figure 3 Al Bahr Towers     Figure 4 Mashrabiya inspired façade 
  

3.1.1 The Façade 
Traditional Islamic architecture inspired the design of the towers immensely, in terms of its 
geometric composition and its vernacular architecture. The designers of Al Bahr towers 
reinterpreted the concept of an Islamic shading devices called a Mashrabiya to create an 



innovative façade (Figure 4). As a solar control mechanism, the dynamic element took the 
shape of an umbrella component that opened and folded. The façade compromises of 
triangular units, which transform from a continuous cover to a lattice-like pattern, to 
provide either shade or light. The internal skin of the towers is a glazed curtain wall of 
panels. Overall, there are more than one thousand units fitted to each of the towers, 
covering all except the north façade. The bio-inspired triangular screens are made of a 
fiberglass mesh that prevents the accumulation of dust (Karanouh and Kerber, 2015). 
Abdulmajid Karanouh, a member of the design team, explained to the author that the client 
had a hand in choosing adaptive rather than static façades because of its attractive 
appearance. He added that the design process was different because of the uncertainties 
that come with every innovative system. The challenges of the façade were mainly caused 
by the high cost, which affected the design team’s choices and risked the quality of the 
produced design. Regarding the predicted performance of the kinetic façade, it was done 
digitally only because using physical models was not allowed. The CAF produced a significant 
difference in the psychological and physical well-being of the occupants. Karanouh 
remarked that some of the lessons learnt were (i) reducing the complexity of the façade in 
any future designs; (ii) involving the stakeholders from the start of the project and (iii) 
allowing the integration of other passive systems and not just relying on the CAF.                    

3.2 Council House 2 
The Council House 2 or, as it is commonly known CH2, is located in the city of Melbourne, 
Australia. It was a part of the city’s new plan of achieving zero emissions by 2020, as the 
idea was to lead the way in the development of green buildings sector and build a new 
office that represents that instead of relocating the staff to alternative offices (ArchDaily, 
2013). The undertaken approach in the CH2 was described as a ‘kitchen sink’ approach by 
Fortmeyer and Linn (2014). The project, upon completion, was considered to be the most 
sustainable building in Australia as it adopted a mix of technologies and passive design 
techniques. CH2 was meant to prove how a building can be commercially viable in a dense 
urban core while being low energy and saves water. Note that in the southern hemisphere it 
is the north facing façade that predominantly faces the sun. 
 
3.2.1 The Council House 2 Façade 
Each façade of CH2 was part of a wide range of strategies and were integrated with the 
cooling and ventilation systems of the building. The building’s south façade used down draft 
evaporative cooling as a passive climate control method. The east façade, on the other hand, 
utilized perforated metal panels to protect the façade from direct sunlight, while balconies, 
vertical vegetation and deep floor plates were used on the north façade to shield the direct 
sunlight. The west façade was wrapped with timber shutters that moved following the sun 
position (Vassigh and Chandler, 2011). The photovoltaic-operated timber shutters consist of 
thin vertical wood slats that are attached with steel rods to form a complete panel, which 
allows the direct sunlight to be blocked while allowing indirect and diffused daylight into the 
interior space (Figure 5). CH2 was awarded the highest rating possible by the Green Building 
Council of Australia. A post occupancy evaluation conducted after a year indicated an 80% 
satisfaction with the building and its facilities. Mick Pearce, the architect, explained the 
difficulties that accompanied the façade, which ranged from the rigorous involvement of the 
manufactures because of the complex hydraulic system. He further explained the 
importance of computer simulation tools in the tuning of the design and described the 
façade as climate modifiers that change and filter inside to out. 



3.3 Figure 5 The west façade of CH2                                  Figure 6 Kiefer Technic Showroom Kinetic facade 

3.4 Kiefer Technic Showroom 
The showroom of the stainless steel equipment manufacturer company Kiefer Technic is 
located in the small village of Bad Gleichenberg in the south of Austria. The architect, Ernst 
Giselbrecht, told the author that he considered two criteria in the design of the project - the 
space, as it is an important aspect in the design of an exhibition, and the other one was 
showcasing a flexible design (Giselbrecht, 2004, Lomholt, 2016).  
3.4.1 The Façade 
As the main idea was to showcase the company’s capabilities of processing metal, the 
architect designed a kinetic façade system. The façade is doubled skin. The inner skin is fully 
glazed (to display the architect’s intentions of displaying modernity), while the exterior skin 
is perforated aluminium panels that fold and unfold on vertical stainless steel rails. The 112 
moving elements are powered by 56 motors and a three dimensional control system that 
ensures the ability of the façade transformation. The 56 pairs are controlled individually, 
which result in a huge number of façade views that can be set and changed within 60 
seconds. Some positions of the façade are naturally programmed to act in its own motion 
sequence like a recorded movie. Moreover, the metal panels operates on electricity and 
user control as it is can be personalised to the occupants needs (Giselbrecht, 2007). Looking 
from the architect’s perspective, Ernst Giselbrecht said that the aesthetics were the main 
driver for choosing a kinetic façade rather than saving energy. Looking at the design process, 
he said it was different from a conventional façade because of the necessity of building a 1:1 
mock-up to ensure the viability of the façade. Although Giselbrecht said that the façade 
saved energy by reducing the cooling and heating demands, the façade is operated by 
electricity, which contradicts the energy saving contribution. 
                 

4. Conclusion 
The primary objectives of the paper was to show the potential of climate adaptive façades, 
especially kinetics ones, as a possible solution for energy efficiency in buildings. According to 
the author’s discussions with the designers, the aesthetics of adaptive façades played a 
major part in choosing to design an adaptive façade instead of a conventional static one, 
although environmental reasons such as providing shading from the sun while allowing 
daylight and views, were also important considerations. Climate adaptive façades (CAF) 
interact with the surrounding climate like no other static façade, and have the ability of 
knowing the sun’s movements and intensity, which is an important environmental factor. 
The complex nature of the façade and its specific requirements forced the design teams to 
come up with new design processes and innovative solutions. Involving stakeholders right 
from the beginning has an important effect on the quality of the produced work. Cost wise, 
the CAF are expensive to produce as every façade is unique and requires a complex system 
to work. To determine whether CAF is sustainable and energy efficient requires a deeper 
analysis than just reducing the heating and cooling demands. Looking at the case studies, 
the manufacturing process of the CAF was not energy efficient or sustainable. The building 



industry is known to be resistant to change as technical advances are few and slow to catch 
on. The development of climate adaptive façades and their forms might take time to be 
established as their performance-based solution requires new methods and to focus on 
multidisciplinary cooperation. The future development in manufacturing and design 
processes will allow the building industry to use more advanced manufacturing techniques 
to produce kinetic façade parts and lower the cost of such integrated systems. 
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