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Summary
devices, motors, all of which use means of
energy input.

One of architectures most fundamental
tasks has always been, and still is to provide shelter. Climate or comfort in space is
how space becomes habitable architecture.
However, the intrusion of technical devices
that maintain the climates of our buildings
as stable environments is happening on
the expense of the greatest architectural
value – space.

The thesis explores the study of devices that
can respond to the environment by using
natural physical processes for their interaction. The harnessing of the intelligence
from materials and matter that can absorb
and use the energy coming from the environment enables these systems to establish a more direct response and ecology of
the inside and outside.

This is largely because the interaction of the
outside and the inside environment does
not occur at its forefront – the building envelope or the façade. The first layer of interaction of our bodies and the environmental
influences that affect us is the skin. It regulates and exchanges, but also responds to
the environmental conditions, maintaining
the equilibrium of our bodies.
The façade, often referred to as the skin of a
building should perform in the same manner. Responsive façade systems are emerging, but largely do not embody real interaction with the environment. The interaction
in most current systems occurs through the
usage of an array of sensing and processing

The investigative process is done through
a series of explorative models or devices
responding or interacting with natural phenomena solely on the principles from the
world of physics and chemistry rendered
in dynamic processes that do not need any
source of external energy, other than the
environmental ones for their interaction.
These studies should also encourage us to
think about domains of architecture that
have been handed over to other professions but are one of the most important
and fundamental parts of it.
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V

Previous Developments
Prior to the start of the Thesis, the author
has conducted several years of research and
prototyping of building elements. More
particular, prototypes for a shading system
that is able to open and close according to
the sun, providing shade to a build structure. Powered by air, it is sensitive to solar
exposure with no need for any external energy source or sensors.
Applicable on a broad variety of structures,
as it can vary in scale, size, material and
form. When exposed to solar radiation,
the air inside the shutters expands. The
expanded air equalizes the high pressure
with the atmosphere pressure by pushing
the piston of a cylinder inside the shutter
that is bounded to the rods that open the
shading system. When temperature drops,
air pressure decreases, causing the piston
to move back into its initial position closing
the shading system. 1
This project has won several architectural
prizes and has a patent pending.
Figure 01

Znaor, N. 2015
EP2933427A1, ‘Responsive
Shading System’. 2015; WO2015158709 A1, PCT/
EP2015/058065
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“Architecture has become a total Fiction“2
Rem Koolhaas explained the extreme separation of architecture from its services, but
also architecture as a profession from all
the “others“ or other professions that have
been overtaking significant roles and fields
of the architectural domain.

However also through the development
of the building envelope from a thick non
– transparent material into a thin layer of
glass. Such a development, naturally , requires more building services such as devices for climate control.

Referring to the few centimeters of plasterboard of the wall that hides all the services
necessary to maintain the space surrounded by this thin layer of boarded panels, he
called it a total fiction. (Figure 02)
What is behind that fiction has even better
been pictured at the entrance of the Venice Biennialle in 2014, showing a real size
model of a suspended ceiling. (Figure 04)
The immense intrusion and overtaking
of technical devices and apparatuses has
been and still is happening on the expense
of the greatest architectural value – which
is space. (Figure 05) This is largely through
the comfort we have gotten used to and
have formalized though norms in architecture.

It is also a sort of warning that by entirely
excluding architecture and from this process will result in the loss of the holistic
overview of the architect from all the building elements. Also the way these elements
are being used, deployed or most importantly designed, has become less of an concern for architects. However, this is one of
the most significant and fundamental parts
of architecture.

Wainwright, O. and Levene, D. June 2014, Video
interview with Rem Koolhaas, The Guardian; www.
theguardian.com/artanddesign/video/2014/jun/06/
rem-koolhaas-fundamentals-venice-architecture-biennale-video
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Issues of climate and comfort but also response to the environment are not being
handled at the point where the interaction
is taking place – at the building envelope.
So what if this would change and the interaction would take place on the envelope,
(Figure 06) or maybe as an interval between the outside. Not entirely eliminating
the boundary between inside and outside,
but interacting in a less rigid way than the
curtain wall. (Figure 07)

Residue of Modernity:
The Curtain Wall Facade
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Figure 11

Figure12
Figure 17

semblies. It is in itself a result of desire for
transparency, lightness or communication,
very often implement in the most violent
building typologies.

Figure 16

Figure 10

Figure 09
Figure 14

Figure 15

Figure 08

a currency for the building envelope for
high-rises already for a long time. Such a
practice is still continuing until today.
The curtain wall façade appears throughout
different localities, climates and cultures. It
is merely a sealant for a building, trying to
with technological development to push
the boundaries of materials, and its as-

Figure 13

With belief in technological development,
the attitude that one solution or model can
be fitted into any condition or architectural
project has resulted in a generative accumulation of static, non-interactive elements
of the building envelope.
This development has made the most wellknown element, the curtain wall façade

Are Smart Skins Really Smart?
Responsive envelope systems, often called
intelligent or smarts skins have been
emerging over the past few decades. The
term “Smart Skin“ has been frequently
used when debating about building envelopes. But how “smart“ are these skins? It
is rather an add-up of technological inventions, using energy. Instead of being smart,
they are unnecessarily complex making the
envelope more complicated. In addition
to that, they completely miscarry the idea
of the skin. They use an entire multitude
of sensors and electronic devices that only
artificially react with environmental factors.
There is no use of using greater technology,
if we are loosing knowledge.
Figure 18

The Facade As Human Skin:
Direct Response
What if the envelope would really behave
like a skin, (Figure 19) and not only seal of
the building like the curtain wall, but also
complement it and embrace the influences
from outside. Like our hair or pores do. One
could even consider the act of clothing as a
dynamic layer or a second skin.
Our skin both seals our bodies but is in constant exchange with the environment.
The ecology of the skin and environment is
also rendered through the various transformations our skin can go through. (Figure
20-23) These influences can be subtle motions , immediately responding to even the
slightest changes towards an extreme that
would interfere with the equilibrium our
body is constantly maintain.

Figure 19

Figure 20

Figure 21

Figure 22
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Figure 23

The exchange and interaction of our skin
can also be invisible, but very tactile. Thermal exchange (Figure 24) is one of the
most important ones, especially in architecture. This ecology of the inside and the
outside takes also place in architecture, and
is directly engaged with its user.
Thermo-chromic paint is a material that can
immediately render this response. One of
the first exploratory devices (Figure 25) was
a thin model with two integrated Peltier-Elements, that can be heated or cooled when
attached to electric current. On the left side
the warm part was exposed to the paint,
and on the right side the Peltier-Element

Figure 24

Figure 25

was cooling the thermo chromic paint. Subtle changes and the revealing of the paint
takes place within seconds.
This immediate response follow the logic of
the skin. Facades should be able to do the
same. They should act both as protection,
but also should be able to interact with the
environment. This cooperation of layers
very well visible looking at a cross-section
of the human skin. (Figure 26)

Figure 26
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Figure 27

ClimateScapes
The simplicity and intelligence of materials
and processes is shown in a climatescape
model which is an array of materials showing the behavior of materials like bi-metals,
shape memory alloys, thermocromic paint
and solutions of salt and alcohol able to react, adapt change and move when heated
or cooled down to the extreme. All of this
turns into an organism of its own who’s
elements such as bimetals can be paired
with other materials that can take over this
movement.

Figure 28
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The Fictional Site
These explorative devices being the contrary of what the static curtain wall is are
translated into a vision of the façade by taking the average height of the European skyscraper forming a fictional highrise with a
curtain wall façade and simply by attacking
it and penetrating it as an anti-statement.
Europe located in a temperate climate – a
term referred to our bodies offer all of the
extremes in meterorlogical terms.

Figure 39
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Dissolving the Curtain Wall
As an anti-statement to the static curtain,
wall, but also the status quo of building
enevelope construction, a vision of dissolment and intrusion of elements that interract and embrace the environmental factors
takes place.
This are moments of the facade that are
being re-thought and are enhacing this
message. These apparatuses start growing
and dissolving the façade according to outer influences.

Figure 40
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Figure 47

Study_01
The Expandable Facade
Entire portions of the curtain wall facade
are being dissolved and pulled by large
heat - actuated devices.
When heated this device expands, signaling that the environment outside is in
our comfort zone. Also according to that it
contracts and expands, using heat actuated
materials also to literally extend the floor
slabs. In this way it is embracing the outside environment.

Figure 48
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Figure 67
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Figure 68

Study_02
A New Fluid System
Just like our body makes advantage of different means of pressure (that of our heart
being like a pump) to power our fluid transportation system, the high-rise typology
needs pumps to transport its fluids after a
certain height as well. But what about reverting this process? Could the façade, exposed to in example rainwater have a transportation system of its own? (Figure 67)
22

Figure 69
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Figure 70

This study shows a series of modules located vertically integrated in the façade that
act just like lymph nodes in our body collecting and dispersing the water from the
roof or smaller roofs-like elements coming
out of the envelope.
Looking back to the skin and how our fluid system also participates in the cooling
of our bodies, these modules (Figure 69,
70, 71), act like regulators that open up
through means of air pressure when the
temperature exceeds the level of the need
for cooling, contracting a membrane with
the expanded air, shrinking the water storage, sending water through veins in the
façade using also the advantage of height
to deposit it onto small turbines. (Figure
72) These turbines then turn with the mechanics of planetary gears into two separate

Figure 71
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Figure 72

Figure 73

directions to enhance the water dispersion
effect and the so called – adiabatic cooling –
a process when water is exposed to moving
air turning into gas. This is the same principal that our skin uses to cool us down –
simply by sweating. But our skin can also
absorb or loose water. Therefore a part of
the water used to cool down is absorbed
by small modules of hydrogel (Figure 73)
that can expand a tenfold in its volume to
absorb water. Once the water is absorbed, it
slowly evaporates, enhancing the effect on
a longer term rather than only immediate
response.
26

Figure 74

Figure 49

Figure 50

Study_03
Light Collecting, Tracking and
Emitting Devices
Another issue with high-rises is light. Light
in any form, day light, artificial light. Also
the core of the skyscraper has a problem of
daylight. This is usually solved by means of
artificial lighting, rather than directly transferring the light into areas where needed.
A series of light transmitting devices is
proposed by the usage of light absorbing
materials and paints in combination with
optics and fiber glass cabels.
28

Figure 51

Figure 53

Figure 54

Figure 52
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One of the devices (Figure 58) shows the
direct collection and concentration of light
through means of optics through a glass
and parabolic mirror focusing light into
little concentration points that are able to
store and transfer the light with fiberglass
cables. Such a device could be paired with
some of the previous explorations of air
expansion, tracking the sun and directly
being able to absorb more light. (Figure 51)
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Conclusion
The series of exploratory devices are sequences of a development of specific vocabulary for a specific kind of architecture
that establishes a true ecology with the
environment.
They are visions of transformation from the
standardized - energy consuming world of
architectural elements into points of environmental interaction.
Niel Postman form “Five things we need to
know about technological change”:
“Here is the third. Embedded in every technology there is a powerful idea, sometimes
two or three powerful ideas. These ideas
are often hidden from our view because
they are of somewhat abstract nature. But
this should not be taken to mean that they
do not have practical consequences” 3
Postman, N. 1998, Five Things We Need to Know
About Technological Change; Talk delivered in Denver
Colorado
3
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