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Abstract: Buildings that have adaptive shading systems, have the ability to adapt to the intensity of natural
light to filter hierarchically, in real time, to prevent visual and thermal discomfort generated by the light
inside the spaces, have the major advantage of reducing energy consumption from buildings and CO2

emissions, with a beneficial impact on the environment.

The purpose of this work is to contribute to the development of these systems by classifying the concepts of
adaptive facade and developing a new system inspired by nature, from biological or botanical systems,

capable of responding to environmental change.
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1. INTRODUCTION

The condition of a sustainable society requires a
reduced consumption of energy in all sectors of life. A
reduced energy consumption in the construction sector,
in the transport sector, in the industrial sector and so on,
but we can say that recent studies show that the biggest
energy savings can be achieved in the construction
sector. With the evolution of high-tech materials capable
of storing heat or dissipating it, depending on the needs,
which have self-restoration characteristics are used in
many sectors. Modern building materials receive
amazing alternatives thanks to these technologies, and a
large number of manufacturers make advanced building
materials that solve various energy problems in this field.

An essential role in the field of construction is played
by light. It is one of the most significant aesthetic and
visual characteristics of architectural spaces and has a
major impact on human physiological and psychological
needs. However, it can generate discomfort through
intensity and by overheating the space.[1] In order to
obtain optimal natural lighting, architects and builders
must take into account several factors: the orientation of
the building in relation to the cardinal points, the climate,
the relief, the shape and geometry of the volume, the
materials used, the neighbourhoods of the building,
possibly the shading of the surrounding buildings,
vegetation, mirrors of water, the function of the interior
spaces and so on.

With the new international style, the changes in the
design and image of the buildings through the use of
large glazed surfaces on the outside, it is very easy to
reach a heat transfer inside the space, and the interior
comfort is maintained only by using mechanical
ventilation systems and air conditioning, leading to high
energy consumption. This building transfer can be a good
solution for the cold periods of the year, where space
heating is necessary, but in the warm months of the year
it presents a disadvantage. Climate changes cause an
increase in the period of the year in which the
temperatures are higher.

In these conditions, this work investigates the design
of an adaptive biomimetic facade as a practical solution

for increasing the energy efficiency of buildings with a
large glazing area. This adaptive facade system greatly
reduces heat transfer in the interior space and, therefore,
energy consumption at the level of the building, as well
as adapting the shading system to the user's visual
comfort needs. The proposed kinetic design has the
possibility to shade the facade under different angles of
the sun's rays, it transforms through the dynamic action
of the light during the day to satisfy the visual and
thermal comfort of the interior space. In order to realize
the design of this facade, the physical, physiological and
adaptation properties of an "Oxalis stricta” leaf to the
intensity of the sun's rays were explored and imitated.

2. ADAPTIVE BUILDING ENVELOPES

A brief history of buildings that use kinetic facades as
a mediator between the external environment and the
internal environment of the building shows us that the
benefits are not limited to their aesthetic appearance, but
try to limit the effects of the buildings' emissions on the
environment, tending towards a reduced energy
consumption.

A revolutionary design was proposed by Aedas based
in London for the Al Bahar Towers in Abu Dhabi, Fig. 1.

Figure 1 Al Bahr Towers, United Arab Emirates 2013.

In order to create an energy-efficient complex in a
location with temperatures rising to 42 degrees Celsius
and sunshine during most of the year, the architects
combined the kinetic design of the facades with the
identity of the place. Thus, they used the Mashrabiya
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pattern, a traditional latticework shading system in the
Islamic countries, Fig. 2.

Figure 2 Design concept.

Completed in June 2012, the design team used a
parametric description for the geometry of the actuated
facade panels, the team was able to simulate their
operation in response to sun exposure and changing
incidence angles during the different days of the year.
The screen operates as a curtain wall, sitting two meters
outside the buildings’ exterior on an independent frame.
Each triangle is coated with fiberglass and programmed
to respond to the movement of the sun as a way to reduce
solar gain and glare. In the evening, all the screens will
close. For the project’s sustainable engineering and
sensitive cultural and urban approach, the towers were
awarded the 2012 Tall Building Innovation Award by the
Council of Tall Buildings and Urban Habitat. [3]

Another example worth mentioning is the Council
House 2 (CH2), an office building in Melbourne,
Australia that features a kinetic facade with a great
sustainability approach, Fig. 3.

Figure 3 Council House 2, Australia 2006.

The design follows a model that promotes a more
interactive role between the city and nature, in which all
parties depend on each other. The policy of the city of
Melbourne is to achieve zero emissions for the
municipality in the near future and a major contribution
to this strategy is to reduce the energy consumption of
commercial buildings by 50%. Nature is used as
inspiration for facades that moderate climate, tapered
ventilation ducts integrate with day lighting strategies
and an evocative undulating concrete floor structure that
plays a central role in the building’s heating and cooling.
It was the first new commercial office building in
Australia to meet and exceed the six star rating system
administered by the Green Building Council of
Australia.[4] This construction was designed to be a

highly energy efficient and sustainable building, with all
its systems and spaces forming an interconnected whole.
It was inspired by the structure of leaves in the process of
cleaning and processing air, combined with energy
collection and heat dissipation. The main facade is
animated as a direct response to external factors, being
composed entirely of vertical wooden slats covering a
fully glazed wall. These blades pivot vertically, opening
and closing in response to the time of day and the angle
of the sun.

3. DESIGN STRATEGY OF THE SUN SHADING
DEVICE

The purpose of interactive facade systems is to
control the heating or cooling thermal loads of the
architectural volume, by controlling the transmission of
solar energy at the level of the facade and at the same
time allows control over the visual comfort inside the
spaces.[2] Starting from these aspects, we tried to find a
way to optimize the shape, the process of transformation
and reconfiguration of the elements that make up the
shading system, depending on the energy flow in order to
satisfy the comfort values of the users. In general, two
types of shading devices are proposed: internal or
external to the glazed surface, which generally have
several layers of glass for better thermal insulation. In
both cases we can talk about mobile or static facade
shading systems. Thus, in order to define the shape of the
sunshade, the following must be taken into account: the
shape of the building and the relationship with the
activities of its occupants, the climate, the orientation of
the facade in relation to the cardinal points, the shading
produced by vegetation or that produced by adjacent
buildings. This interactive facade reflects the fluctuations
of the environment and changes its shape in relation to
these changes. [7]

Interactive shading systems have a significant
potential for integration in the design of facades, and
most of them represent the second layer of the facade
that interacts with environmental stimuli through several
types of movements: rolling, sliding, folding, rotating,
etc. it can be actuated by a sensor activated by an
external energy source.[6]

3.1 Biomimetic approach to sunshade design

One of biomimicry’s first proponents was Richard
Buckminster Fuller. He studied nature’s constructing
principles to solve human problems, and introduced
synergetics in the 1950s. Biomimicry draws on how
nature deals with situations that can be analogous to
human situations and problems. In mimicking these
biological designs, processes and laws, biomimicry is
about learning from nature, being inspired to create an
adapting, evolving sustainable lifestyle.

Biological systems are truly sustainable. They are
efficient, drawing all that they need from within the
immediate environment. There is balance in a natural
biological system in which the plants and animals have
adapted over millions of years of natural selection to live
successfully. Biomimicry is about drawing on this wealth
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of information to apply the biological laws to develop
equally successful human designs and systems. [22] In
order to realize the design of this facade, the physical,
physiological and adaptation properties of an "Oxalis
stricta" leaf to the intensity of the sun's rays were
explored and imitated, Fig. 4.

Figure 4 Oxalis stricta plant.

3.2 Geometric exploration. Plane tessellation

To define the design of this shading system, the
generation of a network, of interconnected modules, was
desired.

As could be seen in the Al Bahar Towers project in
Abu Dhabi, the surface of the shading screen was
completely covered with a network of hexagons. In
descriptive geometry, the coverage of a plane with
regular polygons of the same side and of the same kind is
found in the regular or homogeneous tessellation. This
operation is obtained only with those regular polygons
whose vertex angles are submultiples of 360 degrees.

The triangular and hexagonal networks lead to the
most compact placement of equal tangent circles, two by
two, in the plane, Fig. 5a and 5b. This is also because the
triangular network contains the hexagonal network, and
the hexagonal is the only regular polygon whose side is
equal to the radius. For the same surface of the meshes,
the hexagonal network leads to a minimum contour.
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Figure 5a, 5b Triangular and hexagonal tessellation.

That is why the hexagonal network is also a natural
result: the equality of tension in the plane, the tendency
of stability and the economy of substance lead to the
equal circular shape of the cells or monocells and to their
most compact and isotropic distribution. Pressing
between them or growing from the inside out, they lead
to the hexagonal network. Thus, the equilateral triangle
and the regular hexagon are the best regular polygons
that can completely cover a flat surface by themselves.
Starting from these premises, we created the design of
this parasol that can adapt its shape according to the
direction of the sun's rays. The Fig. 6 shows a

perspective view of the sunshade and the Fig. 7 shows
the plan view with different degrees of opening of the
sunshade. Due to the possibility of linking, in future
studies, the digital model to certain natural light
parameters, it was decided to use the Rhino 7 program.

T

Figure 7 Plan view of the shading system
3.3 Dynamic characteristics of sun shading device

In this section, we will analyze the way in which the
movement of the module in the shading system can be
realized, through which the internal lighting and the
thermal comfort of the architectural space can be
controlled.
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Figure 8 Ways to assemble the shading system module.

Complex actuation systems are an unfavorable
solution, because the energy required for actuation
should cost as little as possible. A mechanized actuated
system is more expensive and requires permanent
maintenance to reduce the occurrence of breakdowns.
But looking at the architectural context, we notice that
the whole system becomes an integral part of the facade
and will influence the general design of the building, it
being important to choose actuation systems with the
most pleasant design. Consequently, the number of
actuation points, required displacements and actuation
forces are important parameters that must be considered
in the design phase to ensure the sustainability of the
systems.[7] In Fig. 8 you can see how the system can be
closed 100% to allow obtaining a compact shadow and
avoiding the penetration of the sun's rays into the interior
space when they fall perpendicularly on the facade. This
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system can be controlled gradually to obtain any
percentage of brightness in the interior space of the
building. In Fig. 8 some intermediate phases of 60% and
30% closure of the system are presented, reaching up to a
100% lease. Through the design proposed for this
shading system, the geometry of the facade changes due
to the kinetic structure, which responds passively to
fluctuations in light intensity.

Figure 9 Romanesco broccoli [7].

It results in voids with varied openings, which in turn
generate ingenious dynamic compositions and texture the
vertical planes with three-dimensional shapes. The
permissive and vibrant envelope, through the attributes
of the surface shape, is dynamic and semi-transparent
through these gaps of the moving modules assembled in
this way, Fig. 9, with a view of the assembly from the
direction of the interior space, and in Fig. 10, a view
from the outside. Another advantage is that it allows very
easily to generate a space frame structure, a hexagonal
matrix capable of resisting structural stress.
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Figure 10 Romanesco broccoli [7].
5. CONCLUSIONS

The facade of a building represents the first contact
with the external environment and external climatic
conditions. In this situation, the design of a responsive
envelope was sought to allow shading of the building.
This adaptability of the sunshades represents the
continuous optimization of the parameters coming from
the interior and exterior space, thus improving the
thermal and visual values inside the building. An
appropriate design was sought that allows the full
coverage of a flat surface that diffuses daylight through
configurations of planes at different angles, providing
self-shading of the facade, decreasing the intensity of
direct solar radiation and allowing optimal natural light
to enter the interior space, contributing to a reduction of
energy consumption and an increase in the autonomy of
natural light. This design was inspired by the leaf of the

Oxalis stricta plant, which has the ability to change its
leaf position depending on the intensity of the sun's rays.
The receptive facade useful for improving the comfort
state of the interior space is still being developed and
represents a new trend in architectural design, but it
proves to be an effective approach in reducing energy
consumption at the level of the entire building.

The geometry of this module allows for inclined
angles, oriented towards the direction of the sun's rays
and the opportunity, in the future, of exploiting the
potential of capturing solar energy. This study is intended
to serve as a trajectory for future research in the field of
intelligent architecture.
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