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Paolo Cascone, architect and
graduate of the Architectural
Association School of Architecture
in London, is furthering research
with a view to drawing up a
cross-cutting design method in

the field of environmental design.
In 2007, he founded CodesignlLab
in Paris, an architectural firm and
laboratory that has gained sound
experience in the "performance-
oriented” architecture of parametric
environmental design. He speaks to
'"A’'A' about the guiding principles of
environmental design.

"Hewe doss & surrounding element, with

it= various specific characteristics, affecl
the general form we have been siudying?
Howr does the form, both determmed and

a determinanl, assert idself against these
elements? What manner of hard parts, soft
parts, interior paris-and exterior parls are
created in the form by this effect? And what
5 wiough! by the elements throwgh all their
diversity of height and depth, regwon and
climate? Johann Wolfgang von Goethe (1)

Structural

ecosystems :
Ecology as a
paradigm for design
and sustainability

wen the envirenmenial crisis

and the effects of globalization,

architeciure 15 confronted with

the guestion af haw 1o recancile
hurnanity with its-cultural, social and
erwironmenial milieus. With the aim of
defining new relations between nature and
artifica, the new geperations of designers
have the responsibility of investigating
innovative strategies of transformation and
regeneration of environmental milieus without
pufting nature and technology in opposibion
io-each other but-also of loaking for away
1z unify the twa, This arlicle argues that
ernvironmentsl dynamics:and consiramn!s can
play the role of design drivers in-ecclogical
design exploration through the analyss and
camprehension of ecasysiems.

Looking towards
The emergence of ecelogicsl design as an
established discipline reguires an adequate
architectural advance that operatively bridges
" biology and the information-based design
process in order to-approach problems and
lo evaluale solutions at different scates.
Surpassing the graen notion of sustainable
architecture, this approach is inspired by
the anabdical studies of the morphology,
physiology and evalution of biological systems
Their ecological relations are analyzed with
the aim of deriving insights and melhods for
the architectural design and sustainability of
the built enyiranment.
As in nalural morphogenesis, the process

of evolutionary development and growth in
ecological design generates material systerms.
that abtain ther complex organization and
shape from the interaction of system-
infrinsic material capacities and external
environmental forces. This sugeests a design
technique that utilizes the self-oreanization
of matarial systems under the influence of
axtrinsic forces. The resulting differentiated
sysiem of these cause-and-effect
relationships; in morphology and struciural
organization, provides material optimization
and energy efficiency through the gradient of
correlated responsiveness.

In order o achieve such ambition, architects
are asked to explore the muili-parametric
design approach using compuiationat (ools
ina generaive way, developing cause-ang-
effect relationships betwean forms (geomeiry |
structure, material) and performances ]
(environmental, ergonomic; sociall.

This dynamic system of relationships needs
an interdisciplinary approach 1o architectura,
imtroducing data-processing techniguesin &
order lo develop site-specific generative
diagrams. Generative diagrams inform the
design strategy driving a parametric and
evolutionery approach to design.

Composing with natural vectors

The use of computationsl toals {such us a
weather tool, cadna, ansys multi-physics,
ete ) for environmenial analysis and mapping
will hielp to define and localize the intensily
and the interactions of 1he different vaniables




=oie flow, wind fiow, solar radiation.

r fiow, etc.). This analytical spproach will

up new decision-making stralegies for

Sgners recognizing imbalances, lendencies

2 slle-speelic lypes of developrmental

sortunities. In Whis phase of Lhe design

wess, [he architects are asked to collect,

=iate and Interpre! information in arder

dafing the parformance criteria of the

o prolotype. The performance crileria

inform the sysiems of relationships

=211 Ihe programmiatic needs (in terms of

‘penamics, energy, waler, thermal comfort,

 comfort, eic) of the project and its

| organization (geamelry, structural

& phology. materiality) through a sel of

= and consiraints,

srder to achieve such anambilion of a
rmance-oriented fecological} archileclure,

mers are asked o generate new modals

will respond to site-specific dynamics

" differentiated sofutions accerding fo

afferent intensity of the 2pvironmental

v (in lime and space). In this sense, &

simulaiion of solar radiation on a

ihic architeciural envelope could inform

didferentialed confiuration of porosily

smension and distribution of the openings,

wath the aim of 1aking sdvantage of

2 lighting oplimizing lechnology

wnarmy) and reducing energy consumplion,

| S dynamic {wind) simulation of a specific

layout could shape the fulure urbizn

#hology (mass, spacing, directionality) with

sy of implementing wind chanreling a0d

thermal comiort taking advantage of passive
vertiation, eic.

In thiz design process, (he potentialily of (he
ordjects to be able 1o resisl homogenaity
and to be specific lo the exlernal forces

will define their degrees of sustainability

in lerms of material optimization (densily,
parosity. rigidity, etc.) and energy efficlency
(minimizing energy consumplion, using
renewahle resources).

Parametric tools

Computationally advanced techmgues such

25 parametric rmodelling twilh tools such as
Grasshopper, Generallve Componen! or Digital
Project’ and scripting techniques tin Mel-script
or Rhiro script) will help he desigrer generate
and ¢ontral the cause-and-effect relationship
between information, form and performancas.
In Ihis case, the geomeiny becames a cultural,
sacid] and generative medium for nonlinear
shapes and complex architeciural configurations,
The use of such parameinc tools opens up the
passibility of cresting an svolutionary way of
form-finding in architeciure in which complexity
deesn’t respond to 2 formal capricoio but to

ine aimot developing aiferentiated &nd inter-
arniculated systems (ervelope, siruciure, internal
sUbdwvision): The differentiation of one system is
correlated wilh variations in the other systems.
Cullurally speaking, the possibllily of using
compulational tools, E=king inspiration from
hiolagy and biomimelic engirssring o generate
cztalneues of configurations (phenolypes) ol
@ an inftial profolype {genolype) willinject a

new aspect inlo ihe ecological design sgends.
In this process; additional environmental
simulations will support architects im evaluatng
and selecling their generaiions of differentiated
micdels informing (he decison-maung process
acoortding to he initial performance criera
The stage of developmenl ol SLCh & parametne
approach within ecoloisl desasn & negted &
the continuous adyancemen) of lhe mdusrs
process in the fisld of carstrlction Dess
fabrication and mamulaciurinis tehragees 50
printing, laser cutker, 30 miling, =i | o e
fre opportumily of exploring 2 resy Sem o
synthetic handicrafl. With the ides of oswee ¢
mass repraduction of non-standan! sstere
reducing production fime and smerovers
accuracy and performances.

Further developrrents of such a disticline
will be related 1o the use of the parameli <
approach 1o high-tech design/low-tech
constraclion as well as for large-scals
sustainable projects, If m the first cass
designers will be confronted with the
guestion of how lo reconcile advanced design
techniques with local low-lechnologies for
the sustainabte hatital in less developea
countries, in the second, they will beasked o
explore an-associalive spproach o large-scaie
projecls generaling new urban ecologies,
integrating suslairable infrastructural systems
and urbenization solulions.

PADLO CASCONE
wiwweco-tesign-latnel
esa-aleliercascane Hogspel.com




« L'utilisation d’outils
paramétriques fait
naitre la possibilité

de créer un mode
évolutif d'invention de
formes architecturales,
ou la complexité n'est
pas le fruit d'un caprice
formel mais procede

d une demarche
d'elaboration de
systemes différenciés
et articules a plusieurs
niveaux (enveloppe,
structure, subdivisions
internes). »

pRints DCCpads Exsinu die walea

S
capaciiés infrinséou
forces environner

conceplan gu

des systemes de matz

Vinfluence de farces exirinsagus 2 3Y¥3 :
différencié des relalions de cause & effe e
résulte, dams la morphoiogie &1 | grgznisation
siructurelle. assure 'oplimisahon des

.= airavers le

matériaux el |'efhicacilé énergetio

aradianl de reacty
gradiert de réacty

ite carréles.

Faur se donner les moyens de ctle ambifion,
les architectes dovent explorer un mode de
conceplion multiparaméirique, en se servanl
d'outils comoutatinnnels sur un mode généralif,
pour definr des relations de cause 4 effet
entre formes (géoméirie, struciure, matériaux)
el performances wervironnementass,
ergunomigues, soclales).
Ce sysiéme dynamrgue de relations doit
tre sous-tendu par une conceplion
infercisciplinaire de l'architeciure, qui
s'approorie les technigues de traitement de
données, de facon & définir des schémas
géraraiifs propres au contexle. Ces
schemas générailfs informent la stratégie de

~=plion, en ouvrani la voie & une approche
parameirigue el évolutive du design.

Composer avec les vecteurs naturels
' 7S aur oulls compuiationnels (lels
reren Ladna au Mulliphysque
Jheund tanslyse el la carlogranhie
mertgles permetirent de définir
2 gl dae Incaliser les nleraclions enlre
anles varables {flux humain, direction
Ju went, rayons solaires, écoulement de
‘ed.. £lc,. Celle approche analyligue rendra

performance géferminz-
systémes de relalinns -~
des charges du projel =
gaul. canfori therrmigue, -
el son arganisation ma
marphologie siruclure: =
DI2is o'une série de réz
Pour satisfaire |'amhbiiiz
performanie {écologigL
conceptaurs domveni eni
madéles apportant des =~
en réponse a des dyna~
qui frennent campte de
forces envirannemeniales
el l'espace). Ainsi, la s
des rayons du soe
enveloppe architeciuran o
orienter la configuration -
sa gorpsité {dimension =i -
ouverlures, elc.} pour me
technaologies doptimisation =
nalurel (économie) el récurs
dénergie. La simulation de
fluides Lverits d'un site urban
orienter sa marpholegie ur
espacement, orienlations, &
courarts d'ar el d’'amélivrer
inermgue grace & la veniiat
AU COLrS Ge Ce Drocessus o
capacié des projels & résisier
ef & fare place a la spécificite
externes delerminera leurs ce
du paint de vue de 'opiimisatior
malériaux (densiie, porosité, ri
de Jefficacie érergéligue (rédy
de la consarmmation d'énergle. |
ressources rencuvelabies).

Pour un contréle paramétrique a:
Les lechnigues computationnell
nouvelle géneranion telles gue |5
parameétrigue (avec des oullls
Grasshooper, Generative Comou
Projecil et l2s technigues de sci
scripl ou Riinascriot! aideront le »
4 générer et melinser les relali
effet enlre infarmation, forme el par
Dans celle perspective, la géoma
un medium culturel, social et ggner
formes non lindaires &1 de canfigur
architeclurales compexes. L'ulilisal
outils paramétrigues fail nafire la po
de créer un mode évailtif dinventio
formes architeclurates, ol la comple
e frui d'un caprice formel mais

= e semarche d'élaboration de sy
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"ciés et articulés & plusisurs niveaux
ooe, structure, subdivisions inlernes).
‘=renciation présenle dans un sysiéme est
= gux variations existant dans les autres
=3, Culturellement parlant, la possibilité

« ces outils computationnels puisant
tiologie et lingénierie biomimétique pour
irer des inventaires de configurations
iypes) procédant d'un prototype initial
e} permeltra a l'éco-conception
iir un nouveau champ d'action.
£ rouvement, les simulations
mementales nouvelles aideront les
cles & évaluer et sélectionner les
tions de modeles différenciés qui
=ni la prise de décision sur la base des
== de sélection initiaux. Le stade de
Joement alteint dans le champ de I'éco-
2lion par cette approche paramétrique
ux progrés constants du processus
"2l intervenant dans le secteur de la
Jction, Les techniques de construction
ahrication numerique (impression 30,
szge au laser, usinage 30, etc) ouvrent
& l'exploration d'une nouvelle forme
“nat de synthése, guidée par [1dée
iopper la reproduction en masse ce

solutions non standards, réduisant les délais
de production et optimisant précision et
performances.

Les évolutions & venir dans cette discipline

sa joueront dans |'application de i'aparoche
paramétrique au couple high-tech design /
low-tech construction ainsi qu'a des projels de
développement durable de grande échelle. Si,
dans le premier cas, les concepteurs seront
mis devant ia nécessité de concilier techniques
de conception sophistiquées el technigues
locales élérmeniaires pour construire un habitat
durable dans les pays les moins développés,
s devront, dans le second cas, explorer une
approche unitaire pour aborder des projets

de grande échelle engendrant de nouvelles
ecologles urbaines, qui intégreront systémes
d'infrastructures et solutions d'urbanisation.

PADLO CASCONE

wrew.co-design-lab.net
esa-ateliercascone.blogspot.com
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(1) Noture's Open Secre! .
Introductions to Goelhe's
Scientific Writings (Classics n
Anlhroposaphy? - Hardcove:
par Rudolf Steiner, Joharir
Wolfgang Von Goelhe, uchn
Barnes, el Mado Spiegier,
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