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ABSTRACT

In the broader context of an ongoing doctoral research, it is possible

to consider adaptive architecture as a possible solution for designing
resilience. Despite the large use of technology, it is possible in fact

to recognise different design approaches that involve Nature in the
whole process, form the initial conceptual phase toward the effective
construction stage. Among these different ways, which underline a
biomorphic common perspective, this paper would focus on two of
them, underlying the role of nature in the design approach. The first is
referred to the consideration of Nature as design material and is shown
through the projects of the American architectural firm SCAPE, ‘Living
breakwaters’ and ‘Oystertecture’. The second approach instead will
introduce the use of natural pattern as a way to conceive architecture
through geometries, as shown in ‘Hygroscope’ and ‘Pad Hygroskin’,
two projects conceived within the Institute for Computational Design,
University of Stuttgart. The aim of the paper is to show different vision
of the More-than-human approach in architecture, envisioning a more
responsible way to think of the built environment through Nature to
design resilience.
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1. INTRODUCTION

Analogies and contradictions have characterised the dialogue between
architecture and nature for centuries, in a continuous exchange of
roles for a formal supremacy led by technical knowledge. From the
constructions of the ancients (guided by a close relationship with

the natural context), through the different concept of Nature of the
Modern Movement (passing from functionalism to organicism) up to
critical regionalism and the most recent approaches on digital design,
nature has always played a crucial role in the process of understanding
and intervening on the existing. This long and articulated path has
also allowed the parallel development of numerous branches of
technology, in order to support man's desire to understand, control
and overcome the natural element. This desire to control technological
data, however, has led recent literature to consider man's current
ability to make as superior to his ability to predict the effects of his
actions (Galimberti, 2011). The attitude of not being able to control
technical and technological data requires to reflect on the way
architecture should intervene today, progress on the one hand, by
incorporating technological and on the other, by understanding the
renewed needs of a complex environmental system. What is noticeable
nowadays is a succession of environmental changes, which often
generate unpredictable and uncontrolled natural disasters, with which
contemporary architectural design is called upon to deal. Rethinking
the way of conceiving design therefore also implies a review of the
potential induced by architectural transformations, not only on the
human or urban scale, but also on the macro environmental scale,
constituting in itself a tool for understanding what exists. Designing
for Nature and with the Nature, in such a complex context of inter-
scalar relationships, constitutes a vast portion of the scaffolding of
knowledge that enables the development of the theme of resilience.
Resilience is therefore firstly a means of understanding what exists
and then a tool for implementing processes of adaptation and
transformation, in a dual and heterogeneous relationship between
architectural design, technology and the environmental dynamics

at different scales. Therefore, with the aim of understanding the
importance of architectural design on the natural environment and
the urban tissue, especially in the light of continuous environmental
and climatic changes and their tragic consequences, it is important

to question the way in which we make architecture, think about it and
realise it.

In fact, it is believed that the aim of resilience can be achieved, in the
architecture field, not only through new social policies and cutting-
edge technological tools, but also through new design approaches that
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make transformation and interaction as formal features. In fact, with
the advance of time and technologies, different design approaches have
developed, based on the heterogeneous degrees of interaction with the
outside world. The introduction, also in the architectural field, of new
technologies has then allowed the design of architectures capable of
changing partially or totally in their spatial layout, identifying different
levels and types of adaptability, due to the involved components
(Elmokadem et alii, 2016). In an additive sequence of complex systemic
features, interactive architecture and responsive architecture give way
to adaptive architecture, which incorporates the previous features

and makes the temporal component its core element (Fig.1). The fact
that a building or an urban project is able of modifying its constituent
elements through a digital and technological mechanism makes
possible to identify a parallelism with natural ecosystems, which are
innately capable of reforming themselves and adapting to external
adversities. Therefore, it is possible to recognise different types of
adaptive design that consider the natural element in different phases
of the creative process, from the initial conceptual phase to the actual
construction phase.
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2. HOW TO DESIGN WITH NATURE

Within transformable architectures, be they responsive or adaptive,
it is fundamental to consider the role of digital components, as new
tool for the representation of transformative processes, as well as
for understanding and interacting of architecture with the external
environment. The importance of these elements (which appreared
iwith the architectural tool for the first time with the experiments
of the English architect Cedric Price on the Fun Palace or the
Generator Project) is crucial for the understanding of the systemic
feature of these creative processes. In fact, at the core of this process
is future interaction that the project will be able to convey through
its architectural materials. Interaction, which can be active (the two
subjects interact bilaterally) or passive (one subject acts and the other
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Figure 2:

Structure of human mind
in the knowledge process.
From: Ackoff, R. (1989),
“From Data to Wisdom” in
Journal of Applied Systems
Analysis., vol. 16, pp. 3-9
(credit: Andaloro, 2021).

perceives) guarantees, on the one hand the passage from ‘data’ to
‘information’, and on the other, the passage from physical to virtual.

In this frame, the transition from data to information is crucial for the
understanding of the Information Technology Revolution on society
and on architectural design, i.e. the shift of design attention from the
object to the subject (Saggio, 2010). Information technology introduced
the concept of automation, or the possibility of automatically
processing data, according to the rules and principles of computer
science and transforming them into information. From this point of
view, in 1989 Russel Ackoff defined data as a collection of symbols and
signals (the signifier), that is, stimuli, which cannot be used unless they
are discretized and made comprehensible through the establishment
of a reading system of reference that is capable of attributing a

specific meaning. This is where the difference between these two
elements is revealed: data is identified as raw material, without explicit
intentionality, while information is defined as knowledge that is

the result of a description (Fig. 2). 'Data with a purpose’ therefore,
participate in the knowledge process by triggering reflections and
design actions (Ackoff, 1989; Kitchin, 2014).

WISDOM O
%
UNDERSTANDING ‘IO
%
KNOWLEDGE 0
209

INFORMATION
_.3.0 %

DATA 4 O 0/

The conscious use of information for the comprehension of a design
problem is a crucial point in the definition of adaptive architecture,
which elaborates a spatial, temporal and scalar transformation in
response to an external crisis within the architectural system. Through
interaction between users, building and environment, many projects
use the information related to a specific external condition (a risk, a
crisis) in order to com-pose the architectural materials in a unique
relationship that makes the adaptability of the building possible.
This correlation then show the role and the impact of digital elements
and technologies in the process: the building is conceived after a
catastrophic event which, on the one hand, provides the necessary
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information to understand the ongoing current; on the other hand, it
could be used to augment the built environment with an interactive
learning process.

In this perspective, therefore, it is possible to identify different design
approaches that relate the digital element (mainly identified in the
capture of data from the external environment) to the natural system.
The natural element (as well as data at the beginning of the digital
revolution) can be considered as a real design material (capable,
moreover, of autonomous and specific reactions and behaviours) or as
a pattern of information, whether genetic, parametric or behavioural.

2.1 DESIGNING WITH NATURE: A MORE-THAN-HUMAN DESIGN

Considering Nature as a common design element means widening the
horizon of the project’'s potential, introducing the features of multi-
materiality, multi-scalarity and multi-temporality, all recognisable in
adaptive architecture. After the ideas of the ecologist and philosopher
Dave Adams in the early nineties, many design theories have been
developed about the 'more-than-human' component on a par with

the human one (Abrams, 1997). In parallel with the theories on the
new Anthropocene, the design approach centred on the integration

of the natural element (in the form of animals or plants) is quickly
widespreading, especially in the fields of landscape design and
biotechnology. In the architectural field, instead, as will be shown
below, it is possible to design an integrated complex system where the
natural element participates in the social process that the urban space
puts into place.

2.2 DESIGNING WITH NATURE: A BIOMORPHIC DESIGN
APPROACH

From the inclusion of Nature in architectural design derives the
definition of different currents of thought, developed around the
character that defines them. The three currents, which we can
identify as ‘genetic’, ‘parametric’ or ‘behavioural’ are all related to

a common factor, namely the biomorphic tendency of architecture.
Designing in a biomorphic way therefore implies conceiving a project
that semantically or conceptually simulates the different behaviours
of living beings (animals or plants). This is made possible by the

vast technological range of tools for analysing and implementing
biomorphic mechanisms, as well as by nano-technologies and nano-
materials, capable of reproducing the physical characteristics of
other living organisms. Within the biomorphic macro-category we
therefore find the 'genetic', 'parametric’ and 'behavioural approaches.
The first current, of a 'genetic’ kind, extracts the distinctive elements
of individual species from the natural world in order to transfer their
main characteristics to the component of the architectural project:
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Figure 3:

Francois Roche: (top):
Dustyrelief, Bangkok , 2002;
(bottom left): (Un)Plug, Paris,
2001; (bottom right): Olzweg,
Paris, 2006.

examples of this are some of the projects of the French architect and
artist Francois Roche, who introduced an 'embodied’ conception of the
cognitive aspect (Di Raimo, 2014) (Fig. 3). Among others, Dustyrelief
(designed for Bangkok in 2002), (Un)plug (designed for Paris in 2001)
and Olzweg (designed for Paris in 2006). The ‘parametric’ current,
refers to the connection of parameters from the natural systems to
different (usually technological) components. This approach will be
explored in more detail through the projects developed by the Institute
for Computational Design of the University of Stuttgart. Finally, it is
possible to emphasise ‘behavioural’ traits of animal species or other
living beings that can be reproduced in the form-finding process, as

in the research of the Greek architect Theodore Spyropoulos at the
Architecture Association Design Research Lab (Spyropoulos at al, 2013).

3. AN OYSTER-PARK FOR THE SHORELINE OF NEW YORK

More-than-human' design plays an important role in the definition

of projects that involve other living beings as effective constituent
elements of the entire architectural or urban system. This is then a way
of conceiving architecture in the whole respect of other species and in
order to implement the sustainability and the resilience of different
eco-systems (Orff, 2016). In order to achieve this purpose, a continuous
adaptability of the system is guaranteed, thanks to the inter-scalarity
of its components, which respond to a swarm paradigm (Oosterhuis,
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Figure 4:

Oyster-tecture, general
overview of the project, as
presented for the ‘Rising
Currents’ exhibition in
2010 [Source: https://www.
scapestudio.com/projects/
oyster-tecture/].

2003), in a mutual dialogue between the parts and between the parts
and the whole. Presented as a pilot project for the 'Rising Currents'’
exhibition (hosted at the Museum of Modern Art of New York in 2010),
the Oyster-tecture project by the American studio SCAPE opens up an
unusual and heterogeneous scenario to introduce, yet ten years ago,
the theme of urban resilience through multi-disciplinarity. Far from
being a way of recalling the idea of a New York of the past (in which the
cultivation and sale of oysters was a key element of the city's economy
and the entire ecosystem of the Bay) or even being understood as a
different form of speculation (e-flux architecture, 2010), the Oyster-
tecture project proposes to build an active oyster barrier, capable

of reinvigorating the marine life and the playful potential of New
York harbour and waterfront (99percentinvisible, 2017). The project,
initially designed in 2010 and subsequently developed and presented
at the Rebuild-by-Design competition in 2012 under the name of
Living Breakwaters, proposes a solution based on a full and profound
understanding of the biotope in which oysters live and which they help
to modify. The installation of a sub-layer of rope on the seabed of the
New York Bay is in fact functional to the implantation of new oysters,
which otherwise could not survive the level of pollution of the current
seabed (Fig. 4). Similarly, the oysters are instrumental in helping new
species of fish to populate the marine environment and in purifying
the water of the waterfront, thanks to the biotic filtration processes of
the oysters themselves (Figg. 5,6). Furthermore, with their 3D texture,
they are able to break large tsunami waves before they reach the
shore, thus also slowing down sea currents and ensuring a climate-
proof environment. Oyster-tecture first and Living Breakwaters later
(Fig. 7) provide a model for eco-based adaptive design, which places
all living beings at the centre of the project to modify the existing
environment and once again demonstrates the great potential offered
by the constant and continuous interaction between architecture, the
external environment and its users.
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Figure 5:

(top)

Reef building and
attenuation, Oyster-tecture,
SCAPE, Exhibition project,
2010 [Source: https://www.
scapestudio.com/projects/
oyster-tecture/].

Figure 6:

(center)

The filtering system of the
oysters shown between the
submission documents of
the project. This underlies
the importance of ‘More-
than-human’ components
in the whole project. Oyster-
tecture, SCAPE, Exhibition
project, 2010 [Source: https://
www.scapestudio.com/
projects/oyster-tecture/].

Figure 7:

(bottom)

Living Breakwater, SCAPE,
New York, 2012. General
overview of the project
[Source: https://www.
scapestudio.com/projects/
living-breakwaters-design-
implementation/].
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Figure 8:

Hygroscope, ICD (Menges
Achim, Steffen Reichert,
with Transsolar Climate
Engineering GmbH),
Centre Pompidou, 2012
[Source: https://www.
icd.uni-stuttgart.de/
projects/hygroscope-
meteorosensitive-
morphology/].

4. HYGROSCOPE AND HYGROSKIN: TWO WAYS OF DESIGNING
WITH NATURE AND GEOMETRY

Another way of approaching adaptive design through the complexity
of nature is through the discretization of the properties of natural
elements into geometric compositions. The abstraction that

derives from geometry allows to design from a rule by defining the
relationships between different elements. In other words, natural
elements with complex geometry provide the basis for parametric
adaptive architectural design. Two projects developed between 2012
and 2013 by the Institute for Computational Design, University of
Stuttgart) can demonstrate it: 'Hygroscope' (Menges Achim, Steffen
Reichert, in collaboration with Transsolar Climate Engineering
GmbH) and 'Hygroskin' (Menges Achim, Oliver David Krieg and Steffen
Reichert). The first, 'Hygroscope', consists of a first attempt to create

a metereosensitive architectural element on a medium scale, capable
of changing (according to opening and closing mechanisms) based on
external environmental variations in humidity (Fig. 8). The second,
'Hygroskin) is the realisation of a meteorosensitive pavilion that opens
and closes autonomously in response to external meteorological
changes (mainly related to the humidity level of the air) without any
kind of mechanical intervention (Fig. 9).

Both promote a kind of 'metero-existential architecture’, which is
achieved through the use of design strategies that do not require
mechanical or electronic controls to function (Menges et al., 2015).

In particular, these two examples are sensitive to external climatic
conditions and are able to change their characteristics (shape, position)
to provide better comfort. Furthermore, they are realised as prototypes
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Figure 9:

Hygroskin, ICD (Menges
Achim, Oliver David Krieg

e Steffen Reichert), FRAC
Centre Orleans, 2013
[Source: https://www.icd.
uni-stuttgart.de/projects/
hygroskin-meteorosensitive-
pavilion/].

at different scales, through automated construction methods derived
from computational design. In particular, the computational process
integrates the ability of the material to physically calculate the

shape in the elastic bending process, the structure of the resulting
building components, the computational detailing of all joints and
the generation of the machine code required for fabrication with

a 7-axis industrial robot. Motion operation is fully automated and
made possible by the same material that defines the structure of the
architectural element, namely wood. Its ability to change its shape in
relation to the perceived humidity rate has made it possible to predict,
calculate, simulate and implement the spatial transformation of the
shading elements, so that they can be opened and closed: in essence,
the structure of the material itself is the machine.

5. CONCLUSIONS

In conclusion, it is believed that the examples shown and the
approaches identified provide a broad overview of the way to conceive
the relationship between natural elements and architecture, especially
adaptive architecture. Indeed, this should be explored in its several
facets, involving in different ways the digital component, as a means
of interaction between architecture, its users and the external
environment. Designing "with nature, for nature" is therefore possible,
in an attempt to identify a possible resilient response to the needs of
the ecosystem in which we live. Thus, even beyond the use of the most
modern sensor technologies (which also constitute an important
strand of adaptive and responsive architecture), it is possible to
construct systems, buildings and architectural components capable of
responding adaptively to external changes, exploiting the performative
capacities of the natural elements themselves.
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Universita degli Studi di Palermo
bianca.andaloro@unipa.it

ORDERS OF MAGNITUDE
Marantha Dawkins & Nicolas Azel
University of Virginia, KPFui
mmd5mk@virginia.edu

ELECTRICAL ECOLOGIES

Firas Safieddine

NeuroTechX, Guallart Architects
firas.safieddine@icac.net

BUILD

CFD DESIGN SOLUTION IN DRAINAGE OF YAN-
GON, MYANMAR

Nyan Linn Aung

Blue Temple

godd.mornee@gmail.com

THE OTHER FOREST

Kevin Matar
theOtherDada
kevin@theotherdada.com

INTEGRATED URBAN-WETLAND SYSTEMS
loana Corina Giurgiu & Prof. Dr.-Ing. Joerg
Baumeister

Griffith University
loana.giurgiu@griffithuni.edu.au

AMBER LUMINARIA

llaena Napier', Marcos Cruz?, Kunaljit Chadha?®
Institute for Advanced Architecture of Catalonia,
’The Bartlett School of Architecture, UCL, SETH
Zurich

ilaena.napier@iaac.net

HYBRID ENVIRONMENTS

Raquel Lopes & Dr. Maria Jodo Moreira Soares
ISCTE-IUL & CITAD - Universidade Lusiada de
Lisboa

rmgls@iscte-iul.pt

NOW Al

Felipe Romero Vargas', Jonathan Hernandez
Lopez', Gabriella Rossi?, David Andres Leon'
Institute for Advanced Architecture of Catalonia,
2CITA

felipe.romero@students.iaac.net
jonathan.hernandez.lopez@students.iaac.net

BEYOND BIOMIMICRY

Kaitlin Reed

Designer of wearable technology
kate4mayor@gmail.com

NATURE-BASED RETROFITTING SOLUTIONS TO
PROVIDE ECOSYSTEM SERVICES

Fiona Demeur’, Mathilde Marengo', Eugenio
Bettucchi'?

Institute for Advanced Architecture of Catalonia,
ZNoumena

fiona.demeur@iaac.net

SHARE & LEARN

TEACHING COMPUTATIONAL APPROACHES IN
BAUBOTANIK

Qiguan Shu, Wilfrid Middleton, Ferdinand Ludwig
Technical University of Munich
giguan.shu@tum.de



2050 SCENARIOS FOR CITIES

Marcos Antonio Leite Frandoloso & Sidnei Matana
Junior

University of Passo Fundo, Brazil
frandoloso@upf.br

A HOLISTIC TRANSDISCIPLINARY ECOFEMINIST
FRAMEWORK

Sander van Leusden

University of the Free State
slvanleusden@gmail.com

REWILDING LUXEMBOURG

Stefania-Maria Kousould', Dongxuan Zhu', Alvaro
Cerezo Carrizo', Arina Novikova', Mathilde
Marengo!, lacopo Neri', Eduardo Rico'?

Institute for Advanced Architecture of Catalonia,
2Architectural Association
stefania-maria.kousoula@students.iaac.net

EXPERIMENTAL PARTICIPATORY DESIGN
Covadonga Lorenzo Cueva

Universidad CEU

clorenzo@ceu.es

HEALING FLOWS

Adriana Aguirre Such', Diana Roussi', Dong Xuan
Zhu', Hebah Qatanany', Tugdual Sarazin',
Angelos Chronis?, lacopo Neri', Mahsa Nikoufar?,
Androniki Pappa*

'Institute for Advanced Architecture of
Catalonia, ?Austrian Institute of Technology,
*Edinburgh Napier University, “Instituto
Universitdrio de Lisboa
adriana.aguirre.such@students.iaac.net

URBAN (Al)D

2Angelos Chronis, David Andres Leon!, Keshava
Narayan', Pedro Manuel Arrozeiro Ribeiro'
Institute for Advanced Architecture of Catalonia,
ZAustrian Institute of Technology
karthikeyan.keshava.narayan@students.iaac.net

TREEHOPPER

lason Giraud', Viktoriya Tudzharova?, Serjoscha
Daring?®, Nariddh Khean?®, Anna Erdi®, Theresa
Fink?®, Angelos Chronis®

'"The Cyprus Institute, 2University of Applied Arts
Vienna, *Austrian Institute of Technology
angelos.chronis@ait.ac.at

PERFORM

TOWARDS THE IMMUNOLOGICAL CITY
Rachel Armstrong

KU Leuven
Rachel.armstrong@kuleuven.be

FLOWERPOWDER

Adriana Aguirre Such', Simone Grasso', Riccardo
Palazzolo Henkes', Mathilde Marengo', lacopo
Neril, Matteo Murat!, Eduardo Rico?

Institute for Advanced Architecture of Catalonia,
’Architectural Association
adriana.aguirre.such@students.iaac.net

FARMSCAPES

Hesham Shawqy', German Bodenbender',
Angelos Chronis!

'Institute for Advanced Architecture of Catalonia
hesham.shawqgy@students.iaac.net
german.bodenbender@students.iaac.net

THE ADAPTATION OF A COASTAL COMMUNITY IN
COSTA RICA TO CLIMATE CHANGE

Antonio Tadeo Turanzas Bernard

Universidad Veritas Costa Rica
tadturanzas@gmail.com

ECOLOPES

Katia Perini', Shany Barath?, Maria Canepd’,
Michael Hensel®, Anne Mimet4, Francesca Mosca',
Enrica Roccotiello’, Tina Selami®, Defne
Sunguroglu Hensel*, Jakub Tyc?, Surayyn Uthaya
Selvan?, Verena Vogler®, Wolfgang W Weisser*
'Universita degli Studi di Genova, ?Technion -
Israel Institute of Technology, *Technical
University of Vienna, *Technical University of
Munich, SMcNeel Europe

katia.perini@unige.it

WATER YOU TALKING ABOUT?

Eve Nnaji', Mathilde Marengo'!, Gonzalo
Delacdmard'

Institute for Advanced Architecture of Catalonia
eve.nanji@student.iaac.net



POSTERS

PLANT & EDUCATE IN PORTO ALEGRE
Yasmin Feijo Jaskulski

Federal University of Rio Grande do Sul
yasmin.fjas@gmail.com

REMODELLING AND SYMBIOSIS
Jiawei Liang, Siyuan Tan
Teammate
wei@liangjiawei.site

LIVING ARCHITECTURE: FORMULATING URBAN
FARM SYSTEMS THROUGH NATURE BASED SOLU-
TIONS

Orlagh Casey

Queen’s University, Belfast
orlaghcasey@hotmail.co.uk

SVA: A VISION OF SELF SUSTENANCE
Dharan Koruduvar
koruduvar@gmail.com

BAIRA - FLOATING GARDENS

Anahita Jafar Abadi & Florian Opitz
Norwegian University of Life Science (NMBU)
mail@florianopitz.com

LA CEIBA

Lucila Aguilar de la Lama, Daniela Lujan Men-
chaca, Raul de Villafranca Andrade
arielle@lucilaaguilar.com

URBAN OASIS
Suléni Kurtz
sulaniktz@gmail.com

IXUA - PALENQUE VILLAGE

Lucila Aguilar, Miguel Ruiz Velasco, Miguel Angel
Vargas, Cassandra Esteve, Fabidn Tron
arielle@lucilaaguilar.com

META DELTA _ BOTANICAL GARDEN 2.0
Calina Bogasiu

UAUIM University of Architecture and Urban
Planning lon Mincu
calina.bogasiu@gmail.com

JELI- JELI

Byron Esteban Cadena Campos, Carlos Andrés
Valverde Arias, Kevin Rafael Guerrero Valenciq,
Carlos Eduardo Larios Tepe
byron.cadena@on-a.es

PELLIS
Abd Al Qader Al Jaafari
ABD.ALJAAFARI@GMAIL.COM

REWILDING THE URBAN FABRIC
Kelly Curl

Colorado State University
Kelly.curl@colostate.edu

TO DA LOO

Zoe Roane-Hopkins
Benjamin Chronister

Larix Underground
zroanehopkins@gmail.com

RIBS OF CYPRESS
LvJingging
1102904172@qgq.com

BOOK BOKK

Byron Esteban Cadena Campos, Sergio Daniel
Calderon Taipe, Orlando Tomds Vdsquez Pérez,
Andrea José Cuesta Tabares, Rafael Fernando
Sudrez Molina

byron.cadena@on-a.es
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