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ABSTRACT 
Architects spend a lot of time and efforts trying to solve their design problems. Actually, they just need to look at and 

learn from the surrounding environment. Nature can achieve not only humans’ requirements but also helps to solve the 

problems, which they make. It could be considered as a life dictionary due to the diversity that exists.  That is what the 

biomimicry science in general aims. One of the practical fields that applies biomimicry science is architecture. 

Biomimetic architecture aims to redesign multiple sustainable solutions for human’s subversion in the built 

environment. Chameleon is an amazing word that exists in this dictionary. Some of Chameleon species that live in hot 

arid zones can reduce about 45% of the solar heat gain only by using its skin due to the special physical components 

called “chromatophores”. In this paper, the biomimetic architecture has been introduced. Besides, some famous case 

studies of architectural buildings that imitate chameleon have been reviewed, analyzed, and classified according to the 

biomimetic architecture levels. 
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1.INTRODUCTION 

Humans over the decades have been innately 

connected to Nature to meet basic survival needs such as 

food, water, dress, and shelters. Nowadays, humans need 

to be in contact with nature and its complex geometrical 

forms.   That is not less important than fulfilling their 

requirements of food and air needed for metabolism. [1] 

The whole nature including inanimate and animate 

creatures moves in a sustainable ecosystem cycle 

through 3.8 billion years without harming the 

environment.  Many researchers defined nine legislations 

of nature’s laws that activate this sustainable cycle. 

Those legislations are as shown in Figure 1. [2] [3] 

Over decades, scientists developed a modern 

philosophy called biomimicry to translate the innate 

connection between humans and their natural 

motherland. Jenine Benyus who is considered the 

founder of the bio mimic philosophy defined it as “the 

science that examines model, systems, the process of 

nature, and understand the concept that forms those 

principles, to reproduce multi sustainable solutions that 

solve the human-made problems”. [2] 
 

 

 

 

 

 

 

 

Figure 1: Nature Legislations and Laws [2] 

2.BIOMIMETIC ARCHITECTURE 

Many scientific fields including architecture applied 

and practiced biomimicry science. Biomimetic 

architecture is the sustainable design approach that 

imitates natural models, systems, and the process then 

applies them in the built environment. [4] [5] [6] 

Other architectural terms such as biophilic and 

biomorphic may be similar to biomimetic, but they are 

different. Biophilic is a trend that mimics the internal and 

the external organisms' forms and their relations with the 

natural spaces. Thus, it creates a healthy built 

environment that aims to enhance human’s wellbeing, as 

Sustainable Legislations of Nature 
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shown in Figure 2. [7][8] Biomorphic is a stylistic 

symbol trend that mimics the unconventional natural 

forms, as shown in Figure 3. [9][10]  

 
Figure 2: S.C. Johnson & Son Admin building was opened 

in 1939 Racine, WI, USA [11] 

 
Figure 3: TWA Terminal Building was designed by 

Calatrava and Eero Saarinen's and was opened in 1962, 

New York, USA [10] 

2.1. Biomimetic Approaches 

After surveying, and explaining the different 

biomimetic technologies that are used in the design 

process, the bio-mimicry approaches in architecture are 

divided into the following: [5] [6] 

2.1.1. Design with A Biological Reference  
The first approach occurs when the design problems 

are defined. Then, the designer tries to find out how 

organisms and ecosystems can solve similar problems, 

see Figure 4. It is considered the most common approach 

of bio-mimicry science. However, it requires a multi-

specialists and collaborative team of biologists, 

ecologists, and engineers. [5] 

2.1.2. Biology Influences Design 

The second approach depends on biological or 

ecological knowledge, such as some or many 

characteristics, behaviors, or functions in an organism or 

ecosystem, then translating this knowledge into the 

design process, see Figure 5. In this approach, it is 

important firstly to test this knowledge for the design 

context and human's suitability before the application 

process. [5] [12] 

   
Figure 4: Strengths characteristics of the Box’ fish (left) 

was inspired for the prototype of Daimler Chrysler’s car to 

minimize stress (right) [5] 

      
Figure 5: Velcro Hook & Loop fasteners (left) [14] mimics 

the tangle characteristics of the Burdock seeds (right) [13] 

2.2. Biomimetic Levels  

Zari. M was examining the biomimetic principles and 

applications from different fields such as medical, 

engineering, arts, and architecture. Then she proposed a 

framework for understanding the levels and dimensions 

of biomimicry science in architecture as follows (see 

Figure 6): [5] [6] 

 
Figure 6: Levels and Dimensions of the Biomimetic 

Architecture [5] 

2.2.1. Organism 

The first level is the organism that mimics a specific 

organism or a portion of an organism. A remarkable 

example of this level is the Hydrological Center building 

in the University of Namibia that has been mimicked 

from the Namibian desert beetle, as shown in Figure 7. 

  
Figure 7: Water drops’ collector envelope of the 

Hydrological Center building to clear fog (left) [4] 

mimicked from the dewdrop collector form of the 

Namibian desert beetle (right) [15] 

2.2.2. Behavior 

The behavior level means the act of mimicking the 

behaviors of an organism and the relations between its 

larger contexts. The East Gate Building, Harare, 

Zimbabwe is the most cited example of this level that 

mimicked the cooling system from the termite nest, as 

shown in Figures 8. 
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Figure 8: Stack Ventilation cooling system in the East Gate 

Building [16] (left) mimicked from Termite Nest cool 

system [17] (right) 

2.2.3. Ecosystem 

The last level is the ecosystem.  It is an integral level 

that mimics a whole environmental system. Zira Island, 

Baku, Azerbaijan is an example of that level. This 

project was inspired by the seven peaks of Azerbaijan, 

which form the skyline view, as shown in Figure 9. It is 

also considered a model of Ecosystem Island that 

depends on natural energy resources, which are the sun, 

the water, and the wind, see Figure 10. 

 

 
Figure 9: Seven peaks of Azerbaijan that form Skyline view 

of Baku, Azerbaijan (up) is inspired for the Zira Zero 

Island project, Baku, Azerbaijan (down) [18] 

 
Figure 10: Zero Island project completely depends on the 

sustainable energy resources derived from the surround 

environmental resources such as water, sun, and wind [4] 

[18]  

 

3.CHAMELEON 

Chameleon, a species of vertebrates, is an ectothermic 

organism that depends on gaining the most heat of its 

body directly from the surrounding environment. [19] 

There are countless species of chameleons. They 

inhabit the open area of the desert and grassland. Some 

species live in hot arid climatic zones. [19] Their lifespan 

ranges between 2 to 10 years according to their species. 

Chameleon is oviparous and feeds on insects, other 

lizards, and young birds. Sometimes it feeds on leaves to 

compensate water level. Some species of chameleon can 

regulate vitamin D3 in their body from the sun. [20] 

3.1. Color Change Skin 

Each organism can survive and adapt to the 

environment with its characteristics and specific body 

components. The chameleon is one of the most 

incredible and amazing organisms that can change its 

skin’s color. This change happens for many reasons such 

as the thermoregulation property of the body, the social 

communication for mating, or the camouflage capability 

to avoid predators. Chameleon has the ability to avoid 

about 45 % of sun rays through skin reflection. [21] [22] 

[23] 

3.2. How Color Change Happens 

The property of the color change occurs by the 

structure, shape size, and the presence of a physical 

component called chromatophores in the skin 

composition. [21] [22] [24] Chromatophores are 

pigment-containing and light-reflecting cells. They are 

generated in the neural crest during the embryonic 

development. They are responsible for producing skin 

and eye color. [25] Although there are many types of 

chromatophores, only the iridophores and melanophores 

are responsible for the effect of color change in the 

chameleon, as shown in Figure 11. [21] 

 

  

  
Figure 11: Chameleon skin and color change; (a) 

chameleon skin layers, (b) while it in relaxation mode (c) 

iridophores are attached to reflection sun rays, and (d) 

while it in exciting mode (e) iridophores separated to let sun 

rays inter [21] 

a 

c 

e d 

b 
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4.METHODOLOGY 

The proposed methodology in this paper is divided 

into two main axes, as shown in Figure12. The first is 

reviewing the international case studies of buildings that 

mimic chameleons and analyzing each case according to: 

 Their Design Concept; 

 The Applied Technologies and Materials 

In the second part, those case studies have been 

analyzed and classified according to biomimetic 

architecture levels.    

 
Figure 12: Schematic diagram for research methodology 

proposed by the researcher 

5.INTERNATIONAL CASES STUDIES 

Only very few implemented projects have been 

inspired by the Chameleon.  Although most of the 

following cases studies are just bioinspired proposals, 

each case suggested a unique design concept integrated 

with an advanced responsive technology. 

5.1. Šiauliai Arena, Lithuania  

Šiauliai Arena, a multifunctional building, was 

constructed for the European Men's Basketball 

Championship of 2011 in ŠIAULIAI Town, Lithuania, 

see Figure 13. It was built in 2006 with an area of 19600 

m2. The building consists of five floors with a diameter 

of 100 m and a height of 19 m. [26] [27] 

5.1.1. Design Concept 

The word ŠIAULIAI means the “Sun”. Therefore, the 

architects selected the cylindrical form to symbol the 

town with the impression of the solar glow to be visually 

unforgettable as a chameleon. [28] 

5.1.2. Applied Technology and Materials 

To investigate this chameleonic vision, the architects 

applied the holographic glass in the whole cylindrical 

façades. Holographic glass makes the building shown in 

various colors depending on the point of view, sun rays 

angle, and illumination. The holographic window units 

consist of double glass panes with gluing a special sun 

rays scattering film. In cloudy days, it appears dark or 

solid color and in sunny days, the glazing façade appears 

colored, as shown in Figure 13. [27] [29] 

 

 
Figure 13: The Šiauliai Arena appearance in sunny 

days (up) [27] and in cloudy days (down) [26] 

5.2. Office Building for D3, Dubai 

The chameleon biomimetic office building is a 

proposed project that won the first prize in a mixed-use 

office building competition in 2015, in Dubai, see Figure 

14. [30] [31] 

 
Figure 14: Proposed design of chameleon office building, 

District 3, Dubai 

5.2.1. Design Concept 
After analysing the project location, WWF architects 

concerned the principles of biomimicry in the proposed 

design. They applied a hexagonal shape in the building 

facades inspired by the chameleon skin pattern, as shown 

in Figure 15. [30] 
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Figure 15: chameleon skin pattern (left) was inspired   

based on a grid pattern (middle) to hexagonal pattern 

(right) [32] 

5.2.2. Applied Technology and Materials 

The project façades were designed to adapt 

mechanically with the sun path to control internal 

temperature, as shown in Figure 16.  [30] The sun path is 

inconstant angel between sun rays and the horizontal 

plane [31], as shown in Figure 17. When the angel is 

about 85  or more the façades open to gain sun rays 

and when the angel is about 15   or less it closes to 

block sun rays.  

 

 

 
Figure 16: Adaptivity of the facades according to sun 

trajector [32] 

 
Figure 17: Sun path Angel ( [33] 

In addition, photovoltaic nano cells have been applied 

at the outer layer of the left façade in order to collect the 

solar energy during the day and to be reused as 

illuminating energy source for thousands of multi-

colored LED at night, see Figure 18. [31]  

       
Figure 18: Photovoltaic nano cells located in the outer layer 

of the façade (left) that illuminate at night (right) [32] 

5.3. PROPOSED RESEARCH, 

MANUFACTURING, AND 

THERAPY FACILITY FOR 

ADVANCED PROSTHETICS  

A research, manufacturing, and therapy facility 

building for advanced prosthetics building is a proposed 

project connected to the Spaulding Rehabilitation 

Medicine building in Boston, Massachusetts, see Figure 

19. [4] 

  
Figure 19: The proposed design building [4] (left) beside the 

Spaulding Rehabilitation Medicine (right) [34] 

5.3.1. DESIGN CONCEPT 
The proposed project is a biomimetic design inspired 

by the spongy bone in the human Skelton in addition to 

the adaptive skin of the Namaqua chameleon.   

The first biomimetic part is human skelton. The human 

skelton is a structural bone consists of two bones types; 

compact and spongy. The compact bone exposes the 

main mechanical stress and forces that we face every day 

while covers and protects the spongy bone, see Figure 

20. The spongy bone is a light and very porous pattern 

that allows some flexibility for body movement without 

breakage. Therefore, Maglic, M proposed a concrete 

arterial structure inspired by spongy bone in human 

Skelton. [4] [35] 

The second biomimetic part refers to the Namaqua 

Chameleon that lives in the Namib Desert, north of 

South Africa, as shown in Figure 20. In addition to high 

solar radiation, the average temperature in this area from 

November to March is about 32  at day and goes down 

to 7  at night. Namaqua chameleon can control heat 

gain or loss by changing skin color from dark to light 
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respectively, to survive in intensive climatic conditions. 

As a result, Maglic proposed an adaptive skin that could 

regulate the internal temperature in the proposed project. 

[4]  

    
Figure 20: Spongy bone in human Skelton [35] (left) 

Namaqua Chameleon (right) [4] 

5.3.2. Applied Technology and Materials 

 Adaptive Fritted System 

To ensure the proposed adaptive temperature 

regulation skin, Maglic applied the fritted glass system. 

[4] Adaptive Fritting™ system is a multi-layers of fixed 

circled acrylic patterns stacked in orthogonal axes.  The 

motion of those axes is controlled by an electromagnetic 

motor to spread the circles as fan wings and to cover the 

interspaces between them. The panel modulates between 

opaque and transparent states through the fritted 

converging or diverging respectively, as shown in Figure 

21. [36] [37] 

   
Figure 21: Adaptive fritting system transforms from 

transparent (left), semitransparent (middle), and opaque 

status (right) [37] 

 Solar Collectors  

As a result, the researcher proposed an adaptive fritted 

system in which the acrylic patterns are replaced by thin 

solar collector films. Controlling the heat gain or loss can 

be achieved by changing the transparency or opaque 

status of the panel respectively while generating solar 

energy, as shown in Figure 22. Some panels are fixed 

and the others are operable to achieve a passive natural 

ventilation, see Figure 23. An additional technology, 

which is a unique water catchment system, has been 

installed.  A collecting rainwater network has been 

placed along with the structure system.  This water could 

be recycled and reused again, see Figure 23. [4] 

 

 
 

Figure 22: Natural daylight in internal spaces (left) while 

transforms from transparent to opaque status (right) [4] 

 
Figure 23: Additional Sustainable technologies that are 

included into the design process; operable fritted panels for 

natural ventilation (left) and water catchment system 

(right) [4] 

5.4. S.C.A.L.E.S. PROJECT 

S.C.A.L.E.S is an abbreviation for Smart, Continuous, 

Active, Layered, Environmental, and System. 

S.C.A.L.E.S is a small artists studio prototype proposal 

located in the Great Basin Desert, Utah, the United State. 

The project is designed by Mazzoleni, I. with her 

teamwork, see Figure 24.  [19] 

 
Figure 24: S.C.A.L.E.S proposed prototype project [19] 

5.4.1. Design Concept 

The main concept of the prototype project is 

mimicking the efficient thermoregulation property in the 

common side-blotched lizard. Some species of the 

common side-blotched lizards inhabit arid regions such 

as Mexico, Washington, Texas, and the pacific coast. 

[19] 

The common side-blotched lizards have the ability to 

regulate their body temperature through the integration 

of two techniques. The first is the colored pattern in the 

skin composition; the dark color on the lizard’s back is 

responsible for absorbing heat. On the other hand, the 

light color in the abdomen is responsible for reflecting 

the ground heat, see Figure 25. The second technique is 

about their behavioral movements such as standing 

parallel to sun rays to avoid heat, vertical to sun rays to 

gain heat, or curling their toes to avoid heat gain, as 

shown in Figures 25&26. In the extremely hot hours, 

they hide in the shade, as shown in Figure 26. [19] 

   
Figure 25: Thermoregulation Techniques in the Side-

Blotched Lizards dark and light colors (left), parallel 

(middle), or vertical posture to sun rays (right) [19] 
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Figure 26: Bending toes to avoid heat gain from the ground 

by conductive (left) and hiding in shades to avoid extreme 

heat (right) [19] 

The proposed location of the project has an average 

temperature of about – 18  in winter and about 50  in 

summer months. Therefore, the main concept is 

proposing an adaptive envelope inspired by side-

blotched lizard to regulate the internal spaces 

temperature and achieve the thermal comfort for the 

users in the variations in desert climates [19] 

5.4.2. Applied Technology and Materials 

The proposed envelope is a sun-tracking envelope 

consists of three different compositions fixed on a braced 

steel grid, as shown in Figures 27 & 28. [19]  

The south façade consists of photovoltaics. 

Photovoltaic panels are used to collect sunlight and 

convert it into energy. The second composition is 

installing operable windows to allow passive natural 

ventilation, see Figure 29. [19] 

The third composition is a bio-based phase change 

material. [19] Phase Change Material is a type of 

functional materials that can store thermal energy as a 

latent heat when a substance changes from phase to 

another either by melting or by freezing. [38] PCM is 

classified into organic, inorganic, and eutectic materials. 

[39]  

PCM is used to insulate and cool the internal spaces 

during the day, while collects and stores heat then 

releases it at night. The other facades follow the same 

arrangement strategy but may differ in their composition 

according to the sun orientation. [19] 

 
Figure 27: Sun tracking envelope while on and off to be 

positioned to sun [19] 

 
Figure 28: Envelope expansion to track the sun [19] 

    
Figure 29: Photovoltaic and operable windows (left) 

specification of the south façade composition layers (right) 

[19] 

6.CASE STUDIES ANALYSIS 

Before analysing the international case studies, it was 

important to classify each case according to the three 

biomimetic levels, which are organism, behavior, and 

ecosystem levels previously mentioned in the 

methodology. Each level was classified according to five 

dimensions (form, material, construction, process, and 

function). All cases with their biomimetic levels and 

dimensions have been represented in Table 1. 

Based on the table and according to the proposed 

classification of the applied techniques inspired by the 

chameleon in the three-biomimetic levels, we noticed 

that in the first case study “Šiauliai Arena” the designer 

was inspired by the unusual colorful appearance of the 

chameleon (organism level) more than the behavior. 

Furthermore, just few chameleon’s capabilities related to 

adaptive purposes have been mimicked.  

Second project (the Mixed-Use Office Building in 

Dubai) could be considered as a reversible concept if 

compared to the previous one. Although the hexagonal 

shape of the façade glazing units seems to be partly 

inspired by the chameleon’s skin pattern, it is obvious 

that the design concept in that case focused mainly on 

the behavior level by using the adaptive façade to control 

the indoors temperature and the daylight transmission. In 

addition, the designer reached the ecosystem level by 

applying the photovoltaics unit on the left façade, which 

makes this project more efficient, and have a greater 

impact on the built environment.  
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The third case study (Manufacturing, and Therapy 

Facility for Advanced Prosthetics in USA) is unique. We 

can feel a harmony between the three-biomimetic levels 

integrated in the design concept to get an eco-friendly 

building with high-energy performance. In that case, the 

designer tried to combine the capabilities of more than 

one organism, the human sponge bone, with the adaptive 

skin of the Namaqua chameleon by using the adaptive 

solar fritted panels. Besides, some sustainable solutions 

with a high technology have been applied to support the 

ecosystem level as using the natural ventilation in the 

building envelope in addition to the installation of the 

rainwater collectors along with the building structure.   

The last project (S.C.A.L.E.S. PROJECT, Great Basin 

Desert in Utah, USA) is surrounded by very harsh 

environmental conditions with an extreme variation 

between temperatures in summer and winter days. In 

these conditions, the behavior level was crucial to mimic 

the thermoregulatory property of the lizard accompanied 

with additional high technics such as sun tracking system 

to regulate the internal temperature and the colored 

photovoltaics panels to produce energy and at the same 

time support the biomimicry concept.   

As an overview of the previous projects, we can 

assume that mimicking an organism is a very 

complicated process. Each level of biomimicry can have 

versatile modes of applications, based on many factors, 

which can lead the architect to choose the more 

convenient level to each case. The location, the weather, 

the project type, the natural resources, and the available 

technologies could be some of the factors that should be 

taken under consideration during the design concept 

phase. Furthermore, other biological organisms could 

have several inspiring properties, which can help in the 

design process, especially in extreme climates.  

7.CONCLUSION 

Applying the biomimicry principles in architecture can 

have a great impact on the design process. These 

principles can help to innovate new sustainable design 

solutions in order to reduce the energy consumption in 

the built environment.  

The chameleon is a unique organism, which can 

survive efficiently in arid climate. This organism can be 

considered as a great model of Biomimetic Architecture 

to produce different design concepts. The unique 

characteristics of the chameleon, its behavior or the 

combination of both can be integrated with high 

technological capabilities to achieve our target.  

Based on the analyzed studies, we could conclude that 

using the physical characteristics of the chameleon alone 

could not be a smart choice. Bedsides, mimicking the 

chameleon behavior along with the physical appearance 

could have a greater impact on the built environment. 

Furthermore, having an integrated methodology based on 

more than one capability or even more than one 

organism could achieve better performance.  

Although very few projects have been conducted until 

now using the chameleon model in addition to some 

bioinspired proposals, this model showed recently a great 

interest from many researchers trying to explore more 

creative and integrated adaptive solutions to be applied 

in architectural buildings. 
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