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“Cradle-to-cradle” architecture. Eco-effectiveness and
quality of life

Arquitectura “cuna-a-cuna”. Ecoeficiencia y calidad de vida

M. J. Agudo-Martinez!

ABSTRACT

In the 2002 book Cradle to Cradle: Remaking the Way We Make Things, the authors, W. McDonough and
M. Braungart, raised the social benefits associated with circular economies geared towards waste disposal.
This proposed a radical revision of the design process based on three principles based on nature itself: the
transformation of waste into raw materials, the use of clean and renewable energies and the commitment to
natural and cultural diversity.

In this sense, today the Cradle to Cradle Certificate (C2C) has an international recognition in relation to the
design and manufacture of products that advocate a Circular Economy. The revision of industrial production
was thus proposed in an improved proposal, since the three Rs (recycle, reuse and reduce) of traditional en-
vironmentalism were insufficient to stop the unstoppable deterioration of the planet. Therefore, the novel
factor was the management of waste and its reuse as raw material.

The objective of the work is to demonstrate the existence of practices related to this revisionism in the field
of architecture, clarifying the existing relationships between sustainable housing and quality of life. Thus,
for example, issues such as the use of natural lighting, cross ventilation, not only mean energy savings and
self-sufficiency, but also require a new approach to the building from the beginning. All this from a new con-
ception of environmental sustainability that brings architecture closer to industry and new technologies, but
also with reuse of resources and use of local materials, and above all considering people and place, with com-
munity participation, community ties and solidarity.

The main conclusion is that this new ecological approach to architectural production is also compatible with
other concepts such as Bioarchitecture and its wide range of possibilities, such as bioluminescence or bam-
boo construction, but also the Internet of Things (IOT), 3D printing or robotics. Architects such as Shigeru Ban
or Simon Vélez adopt alternative forms that open new paths for architecture much more respectful of nature
and landscape.

Rey Words: Bioarchitecture, Cradle to Cradle (C2C), W. McDonough, Shigeru Ban, Simon Vélez. |

(1) ETSA Universidad de Sevilla. Reina Mercedes, 2 - 41012 — SEVILLA
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Fig.1.
Leverage Points.[3]

1.INTRODUCCION

La huella ecolégica de la industria, incluida la indus-
tria de la construccion, tiene grandes repercusiones
ambientales, econdmicas y sociales sobre el planeta.
En ese sentido, cada vez resultan mas preocupantes
las alteraciones a las que es sometido el medio natu-
ral, las cuales vienen siendo evidenciadas por la co-
munidad cientifica desde hace varias décadas. Una
de las primeras voces criticas en relacién con la con-
cienciaambiental fue lainvestigadora Rachel Carson
con su obra Silent Spring [1], una obra clave que sin
duda contribuy6 al desarrollo del actual Ecologismo.

Una década después, en el Informe que el Club de
Roma encarg6 al MIT y que llevaba por titulo The
Limits to Growth (1972), Donella Meadows, autora
principal del mismo, se referia a los recursos limita-
dos del planeta en un estudio que relacionaba eco-
nomia, poblacién, y medio ambiente [2].

Esta misma investigadora, especialista en dinamica
de sistemas, trabajo ademas en varias pruebas pilo-
to para el desarrollo de ecoaldeas! y granjas organi-
cas, poniendo de manifiesto la necesidad de una re-
conciliacién con el medio natural en lo que a formas
de vida se refiere [3] [Fig.1].

Por otro lado, el término Desarrollo Sostenible se
acufid en la Conferencia de la Comisiéon Mundial
sobre el Medio Ambiente y Desarrollo de 1987. Asi,
en el Informe Brundtland? titulado “Nuestro Futuro
Comun”, se hacia una llamada a los gobiernos para
minimizar el impacto negativo de la industria sobre
el medio ambiente.

2. CALIDAD DE VIDA

En base al mencionado informe Brundtland, el pro-
blema principal que nos ocupa a nivel planetario es
resolver la calidad de vida de los actuales habitantes,

1. INTRODUCTION

The ecological footprint of industry, including the
construction industry, has major environmental,
economic and social impacts on the planet. In this
sense, the alterations to which the natural environ-
ment is subjected, which have been evidenced by
the scientific community for several decades, are
increasingly worrying. One of the first critical voices
in relation to environmental awareness was the re-
searcher Rachel Carson with her work Silent Spring
[1] a key work that undoubtedly contributed to the
development of current Environmentalism.

A decade later, in the Report commissioned by the
Club of Rome from MIT entitled The Limits to Grow-
th (1972), Donella Meadows, lead author of the re-
port, referred to the planet’s limited resources in a
study linking the economy, population, and environ-
ment [2].

This same researcher, a specialist in systems dyna-
mics, also worked on several pilot tests for the de-
velopment of ecovillages® and organic farms, highli-
ghting the need for reconciliation with the natural
environment in terms of life forms [3] [Fig.1].

On the other hand, the term Sustainable Develo-
pment was coined at the 1987 Conference of the
World Commission on Environment and Develop-
ment. Thus, in the Brundtland? Report entitled “Our
Common Future”, a call was made to governments
to minimise the negative impact of industry on the
environment.

2. QUALITY OF LIFE

On the basis of the Brundtland report, the main pro-
blem facing us at global level is to resolve the quality
of life of the current inhabitants, without compromi-
sing that of future generations. The circular econo-

(1) A precursor of peaceful and collaborative communities can be cited as Moro with his Utopia (1516) (Moro, 2016). Utopian
socialism also raised criticisms with proposals such as Robert Owen’s New Harmony (1825), considered a pioneer of management,
or Charles Fourier’s The Falanstery (1870), an agricultural community of 300 families without wages or private property (Fourier,

2008).

(2) The proposal was built in Guise (1859-76) by Jean-Baptiste Godin.
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sin comprometer la de las generaciones futuras. Las
economias circulares orientadas a la eliminacion de
residuos planteadas en el libro De la cuna a la cuna:
Redisefiando la forma en que hacemos las cosas
[4] implican, sin lugar a dudas, beneficios sociales,
econdmicos y medioambientales. Esto supone la
necesidad de un enfoque interdisciplinar a fin de po-
sibilitar la consecucién de la consabida y anhelada
sostenibilidad planetaria.

La principal aportaciéon de McDonough y Braungart
al postular el Cradle to Cradle supone el paso de la
Ecoeficiencia (reduccion de residuos) a la Ecoefec-
tividad (reutilizacion de residuos). En ese sentido, el
Certificado Cradle to Cradle (C2C) [5] cuenta con re-
conocimiento internacional, como garantia de que
es posible la mejora de la regla de las tres R’s de la
Ecologia (reciclar, reutilizar y reducir) considerando la
interdependencia de las tres E's (Ecologia, Economia,
Equidad [8, 9].

En el &ambito de la arquitectura, el concepto de “ciclo
de vida” implicaria, por lo tanto, la reutilizacion de los
materiales empleados en un edificio tras la vida atil
del mismo, es decir, convertir el residuo en materia
prima. Asi sucede en el ciclo biolégico y asi deberia
suceder, segun los mencionados autores, en el ciclo
tecnoldgico con la reutilizacion y reciclaje de mate-
riales.

Por otro lado, el problema de la vivienda y la con-
servacion del patrimonio construido pasan a ser
asuntos de primera magnitud y que por ello deben
ser abordados desde la perspectiva de la sostenibi-
lidad. Asi lo defienden autores como Albert Cuchi
[10], quien, por otra parte, relaciona ademas la recu-
peracion del patrimonio cultural en relacion con el
sistema hidrico tradicional, habida cuenta de que el
propio patrimonio edificado puede devolver al suelo
nutrientes a partir del ciclo hidrico.

En la misma linea Felipe Pich-Aguileray Teresa Batlle
[11] ponen de manifiesto la deficiencia de la manua-
lidad en la puesta en obra, en relacion con los oficios
tradicionales sin entramado artesanal y la necesidad
de industrializacién de los sistemas constructivos, en
aras, sobre todo, de una mayor innovacion y soste-
nibilidad.

En el caso de viviendas sociales, asociadas siempre
a la consecucioén de equidad [12], se busca ademas
participacion en el proceso constructivo, en la toma
de decisiones e incluso en la capacitacion técnica,
ademas de en la mejora del entorno y el habitat con
huertas colectivas de participacion comunitaria que
ayudan a fortalecer a la comunidad con beneficios
comunes [13].

En este sentido procede mencionar a arquitectos
como el chileno Alejandro Aravena, con su Quinta
Monroy (2004), su obra més reconocida, o Solano Be-
nitez, éste Ultimo discipulo de Eladio Dieste, apuesta

mies oriented towards waste disposal raised in the
book Cradle to cradle: Redesigning the way we do
things [4] undoubtedly imply social, economic and
environmental benefits. This implies the need for an
interdisciplinary approach in order to make it possi-
ble to achieve the well-known and desired planetary
sustainability.

The main contribution of McDonough and Braungart
in postulating the Cradle to Cradle is the transition
from Eco-efficiency (waste reduction) to Eco-effecti-
veness (waste reuse). In this sense, [5] it is possible to
improve the rule of the three R’'s of Ecology (Reduce,
Recycle and Reuse) considering the interdependen-
ce of the three E's (Ecology, Economy, Equity) [8, 9].

In the field of architecture, the concept of “life cycle”
would therefore imply the reuse of the materials
used in a building after the useful life of the building,
that is, converting the waste into raw material. This
is the case in the life cycle and this should happen,
according to the aforementioned authors, in the
technological cycle with the reuse and recycling of
materials.

On the other hand, the problem of housing and the
conservation of the built heritage become issues of
the first magnitude and must therefore be addres-
sed from the perspective of sustainability. This is de-
fended by authors such as Albert Cuchi [10], who, on
the other hand, also relates the recovery of cultural
heritage in relation to the traditional water system,
given that the built heritage itself can return nu-
trients to the soil from the water cycle.

In the same vein Felipe Pich-Aguilera and Teresa
Batlle [11] highlight the deficiency of craftsmanship
in the commissioning in relation to traditional tra-
des without artisanal network and the need for in-
dustrialization of construction systems, for the sake,
above all, of greater innovation and sustainability.

In the case of social housing, always associated with
the achievement of equity [12], participation is also
sought in the construction process, in decision-ma-
king and even in technical training, as well as in the
improvement of the environment and habitat with
collective gardens of community participation that
help to strengthen the community with common
benefits [13] .

In this sense it is appropriate to mention architects
such as the Chilean Alejandro Aravena, with his
Quinta Monroy (2004), his most recognized work, or
Solano Benitez, the latter disciple of Eladio Dieste,
bets on social commitment, respecting the cultural
heritage of Paraguay, through an experimentation
that aims to respond to social needs from a collecti-
ve architecture [14].

3.SUSTAINABLE ARCHITECTURE
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por el compromiso social, respetando la herencia
cultural de Paraguay, mediante una experimenta-
cion que pretende dar respuesta a necesidades so-
ciales a partir de una arquitectura colectiva [14] .

3. ARQUITECTURA SOSTENIBLE

El principal problema para la consecucién de una
arquitectura sostenible radica en el control exhaus-
tivo del ciclo de vida de los materiales y todo ello en
un tipo de construccion cada vez mas tecnoldgica.
El impacto ambiental de un edificio guarda una es-
trecha relacién con los materiales empleados en su
construccion, si bien también esta asociado al con-
sumo energético del edificio. En ese sentido, mate-
riales como el hormigén, la piedra y el ladrillo, junto
con otros naturales como la madera o el bambd,
tienen un minimo impacto si los comparamos con
otros materiales como metales y aleaciones.

Otro punto interesante es determinar la optimiza-
cion de dichos materiales, no tan solo a lo largo de
lavida util del edificio sino ademas considerando sus
posibilidades de reutilizaciéon futura para responder
a nuevos usos. Los conceptos de optimizacion y efi-
ciencia parecen entonces ser relativos al depender
de una temporalidad funcional, ya que, con la pre-
fabricacion e industrializacion de los sistemas cons-
tructivos se posibilita la reutilizacion de un material
que puede ser desmontado si se aplica un concepto
de reversibilidad.

De esta manera, la durabilidad de un edificio pasa
a ser un factor clave en la sostenibilidad del mismo,
ademas de determinante en relacién con su uso.
Este novedoso planteamiento supone apostar por
edificios cada vez mas efimeros, cuya vida est4 aso-
ciada a su utilidad y re-utilidad funcional.

Por otro lado, el agotamiento de recursos naturales,
junto con el impacto ambiental de los edificios, con-
ducen a tener en cuenta la opcibn mencionada del
desmontaje desde el proyecto original, contemplan-
do también la opcidn del alquiler desde el sector de
la construccién industrializada.

La trayectoria que sigue la arquitectura hacia la in-
dustrializaciéon parte de la Revolucion Industrial, la
cual tuvo lugar en la segunda mitad del siglo XVIil y
supuso cambios radicales en la sociedad de la épo-
ca. Dichos cambios conllevaron que se alzasen vo-
ces criticas como la de John Ruskin, el autor de “Siete
Lamparas de la Arquitectura” (1849) y “Piedras de
Venecia” (1853), o la de artistas como William Morris.
En este contexto hay que situar el movimiento Arts
and Crafts en Reino Unido y Estados Unidos a media-
dos del siglo XIX, apostando por las artes y los oficios
y rechazando la produccién industrial por pérdida de
calidad.

Para el caso concreto de la vivienda social, existio
una preocupacion clara por la misma por parte del

The main problem for the achievement of a sustai-
nable architecture lies in the exhaustive control of
the life cycle of the materials and all this in an increa-
singly technological type of construction. The envi-
ronmental impact of a building is closely related to
the materials used in its construction, although it is
also associated with the energy consumption of the
building. In that sense, materials such as concrete,
stone and brick, along with other natural ones such
as wood or bamboo, have a minimal impact if we
compare them with other materials such as metals
and alloys.

Another interesting point is to determine the opti-
mization of these materials, not only throughout
the useful life of the building but also considering
their possibilities of future reuse to respond to new
uses. The concepts of optimization and efficiency
then seem to be relative to depend on a functional
temporality, since, with the prefabrication and indus-
trialization of the construction systems, the reuse of
a material that can be disassembled is possible if a
concept of reversibility is applied.

In this way, the durability of a building becomes a key
factor in its sustainability, as well as a determining
factor in relation to its use. This novel approach in-
volves betting on increasingly ephemeral buildings,
whose life is associated with their usefulness and
functional re-utility.

On the other hand, the depletion of natural resour-
ces, together with the environmental impact of the
buildings, lead to take into account the aforementio-
ned option of disassembly from the original project,
also contemplating the option of renting from the
industrialized construction sector.

The trajectory that architecture follows towards in-
dustrialization is part of the Industrial Revolution,
which took place in the second half of the eighteen-
th century and meant radical changes in society at
the time. These changes led to critical voices such as
that of John Ruskin, the author of “Seven Lamps of
Architecture” (1849) and “Stones of Venice” (1853), or
that of artists such as William Morris. In this context
we must place the Arts and Crafts movement in the
United Kingdom and the United States in the mid-ni-
neteenth century, betting on the arts and crafts and
rejecting industrial production for loss of quality.

For the specific case of social housing, there was a
clear concern for it on the part of the Modern Mo-
vement, from the First International Congress of
Modern Architecture (CIAM) held in La Sarraz, Swit-
zerland (1928), to the XI CIAM Congress in Otterlo,
The Netherlands (1959) [Fig. 2 and 3]. The origin and
raison d'étre of these congresses was none other
than to try to find solutions to the problems gene-
rated in the cities by the Industrial Revolution, hen-
ce the issues of urban legislation, historical heritage,
restoration, environment and regional planning. The
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Movimiento Moderno, desde el | Congreso Interna-
cional de Arquitectura Moderna (CIAM) celebrado
en La Sarraz, Suiza (1928), hasta XI Congreso CIAM
de Otterlo, Paises Bajos (1959) [Fig. 2 y 3]. El origen
y razon de ser de dichos congresos no fue otro que
tratar de encontrar soluciones a los problemas ge-
nerados en las ciudades por la Revolucion Industrial,
de ahi que se abordaran cuestiones de legislacion ur-
banistica, patrimonio histérico, restauracion, medio
ambiente y ordenacion del territorio. EIl Movimiento
Moderno trato, por ello, de conciliar, las ventajas de
la industrializacién con el respeto a la naturaleza y
al medio ambiente, buscando principios basicos de
mejora de la calidad de vida® de las personas.

Asi, en la Carta de Atenas del IV CIAM de 1933 se re-
cogian las “perturbaciones” del advenimiento de la
era de la maquina, para las cuales habia que encon-
trar soluciones con una actitud critica y revisionista
con mejoras que hoy nos parecen normales: ciuda-
des con zonas residenciales de densidades razona-
bles, nuevas superficies verdes, sectores industriales
independizados de las zonas de habitacion, clasifica-
cion de las vias de circulacion, etc. Se sentaban asi
las bases del urbanismo con las conocidas cuatro
funciones: habitar, trabajar, recrearse y circular, bus-
cando la aplicacion de unos criterios normativos de
ordeny equilibrio.

4. ARQUITECTURA BIOCLIMATICA

La eficiencia energética es un planteamiento que
persigue hacer un uso racional de la energia, hasta
llegar a un consumo energético cero, lo que se con-
sigue con disefios no convencionales y mediante el
andlisis del ciclo de vida del edificio. En el caso de la
arquitectura bioclimatica se utilizan exclusivamente
elementos arquitecténicos y los sistemas mecanicos

Modern Movement tried, therefore, to reconcile the
advantages of industrialization with respect for na-
ture and the environment, seeking basic principles
to improve the quality of life® of people.

Thus, the Athens Charter of the FOURTH CIAM of
1933 included the “disturbances” of the advent
of the machine age, for which solutions had to be
found with a critical and revisionist attitude with
improvements that today seem normal: cities with
residential areas of reasonable densities, new green
surfaces, industrial sectors independent of the li-
ving areas, classification of traffic routes, etc. Thus
the foundations of urbanism were laid with the we-
ll-known four functions: to inhabit, work, recreate
and circulate, seeking the application of normative
criteria of order and balance.

4. BIOCLIMATIC ARCHITECTURE

Energy efficiency is an approach that seeks to make
a rational use of energy, until reaching a zero energy
consumption, which is achieved with unconventio-
nal designs and through the analysis of the life cycle
of the building. In the case of bioclimatic architectu-
re, architectural elements are used exclusively and
mechanical systems become support systems*.

(3) Inrelation to rurality, apart from any kind of political ideology, it is also worth mentioning the pragmatism of the Spanish
colonisation settlements of the post-war National Colonisation Institute, associated with a socio-economic reform of the land.

Fig.2.
IV CIAM Congress of Athens,
Greece (1933).

Fig.3.
XI CIAM Congress of Otterlo,
The Netherlands (1959).
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Fig.4.

Jean Marie Tjibaou Cultural
Center. Renzo Piano.
Nouméa, 1991-98.

pasan a ser sistemas de apoyo®.

La adecuacion del edificio al clima supone adapta-
cion al entorno, lo cual se traduce en ahorro y efi-
ciencia energeética, asi como en mejora de la calidad
de vida mediante sistemas pasivos de captacion,
proteccién, ventilacién e inercia térmica. Todo ello
partiendo de unas adecuadas estrategias de disefio
arquitectoénico relativa exclusivamente a elementos
constructivos, tales como orientacion, sol e ilumina-
cién [15], vientos, eleccion adecuada de materiales o
tipologia, las cuales dan prioridad al confort higrotér-
mico verano-invierno, en aras de generar, almacenar
o transferir calor o frio, esto Gltimo en relacién con la
trayectoria solar.

En este sentido, es importante valorar estrategias
tradicionales de las viviendas vernaculas o de arqui-
tecturas histéricas, tales como laislamica en relacion
con el clima Mediterraneo, que se agrupan para ge-
nerar sombras, con patios, vegetacion y laminas de
agua, sobre todo si se comparan con otra anti-arqui-
tectura.

Siguiendo a Rafael Serra [16] , existen 5 temas de
disefio: ubicacién, entorno, forma, piel e interior. Sin
duda, el proyecto depende del lugar, pero también
de las actuaciones en el entorno para propiciar dife-
rencias térmicas, por ejemplo, con laminas de agua
0 con vegetacion. La existencia de patios permite
porosidad y ventilacion, y el adosamiento impide
ventilar e iluminar, si bien a cambio de proteger.
También es importante diferenciar las cualidades
de la piel del edificio en relacion con la transparencia
(iluminacion) y la perforacion (ventilacion), al igual
que sus atributos de color, texturay peso. En relacién
con los sistemas pasivos, en el interior del edificio
son determinantes tanto las compartimentaciones
como las conexiones.

Retomando el tema que nos ocupa, relativo a la con-

The adaptation of the building to the climate implies
adaptation to the environment, which translates
into energy saving and efficiency, as well as in im-
provement of the quality of life through passive sys-
tems of capture, protection, ventilation and thermal
inertia. All this starting from adequate architectural
design strategies relating exclusively to constructive
elements, such as orientation, sun and lighting [15],
winds, appropriate choice of materials or typology,
which give priority to summer-winter hygrothermal
comfort, in order to generate, store or transfer heat
or cold, the latter in relation to the solar trajectory.

In this sense, it is important to value traditional stra-
tegies of vernacular dwellings or historical archi-
tectures, such as the Islamic one in relation to the
Mediterranean climate, which are grouped together
to generate shadows, with patios, vegetation and
sheets of water, especially if compared to other an-
ti-architecture.

Following Rafael Serra [16], there are 5 design the-
mes: location, environment, shape, skin and interior.
Undoubtedly, the project depends on the place, but
also on the actions in the environment to promo-
te thermal differences, for example, with sheets of
water or vegetation. The existence of patios allows
porosity and ventilation, and the attached prevents
ventilation and lighting, although in exchange for
protecting. It is also important to differentiate the
qualities of the building’s skin in relation to transpa-
rency (lighting) and perforation (ventilation), as well
as its attributes of color, texture and weight. In rela-
tion to passive systems, both compartmentalations
and connections are decisive inside the building.

Returning to the issue at hand, relating to the achie-
vement of a sustainable architecture, there is a dua-
lity, only apparent, between positions that advocate
an industrialized architecture versus another that
proposes the recovery and use of traditional techni-

(4) However, home automation involves home automation by means of energy control.
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secucion de una arquitectura sostenible, se plantea
una dualidad, tan sélo aparente, entre posturas que
abogan por una arquitectura industrializada frente a
otra que propone la recuperacion y uso de técnicas
tradicionales, una arquitectura vernacula, adaptada
alatopografia, al clima[17] yalaidiosincrasia cultu-
ral, si bien con frecuencia conviviendo con la primera
postura.

Es el caso de arquitectos como Renzo Piano en el
Centro Cultural Jean Marie Tjibaou (1991-98) en Nou-
méa (Nueva Caledonia), en el cual se emplean mate-
riales y técnicas constructivas del Pacifico, como la
madera de iroko, si bien el interior tiene un plantea-
miento tecnoldgico [Fig.4]. El proyecto adquiere un
especial interés por esa hibridacion cultural y en un
emplazamiento natural singular y de enorme valor
ecoldgico, se respetaba ademas la sensibilidad de
las tradiciones de las culturas indigenas y se buscaba
ademas dar respuesta al clima himedo de la zona
poniendo especial énfasis en la ventilacion mediante
corrientes ascendentes.

Asi, retomando el tema de la ventilacion natural, ha
sido una constante histérica en los sistemas de ven-
tilacion de la arquitectura tradicional y popular [18],
mediante estrategias pasivas para renovar el aire
interior y siempre con una estrecha relacion entre el
disefio y las condiciones ambientales.

Se trata de un planteamiento que, sin duda, es desa-
rrollado con la High Technology, que tiene exponen-
tes claves como Norman Foster y obras emblemati-
cas como su terminal del aeropuerto Stansted® de
Londres, caracterizada por recorridos fluidos y un sis-
tema de transito automatizado, todo ello abogando
por la simplicidad y la comodidad. La luz natural y la
ventilacién de los lucernarios del gran vestibulo, sus-
tentados por una estructura desmaterializada, son
las dos grandes protagonistas del edificio [Fig.5]. Por
otro lado, es también modélica la insercion del edifi-
cio en el paisaje. Este edificio es una de las grandes
obras de Foster, al responder a necesidades tanto
materiales como espirituales y por ello comparable
alaNueva Galeria Nacional de Berlin de Mies van der
Rohe.

Por otro lado, otra arquitecta que trabaja con la luz
natural de manera magistral es Zaha Hadid, con
ejemplos como el Centro de Ciencias Phaeno de
Wolfsburgo, de una extraordinaria plasticidad sen-
sorial [Fig.6].

5. CIUDAD URBOTICA.

La urbética se ocupa de la gestién urbana, el control
y el disefio inteligente, a partir de ciudades virtuales
superpuestas a las ciudades fisicas, asociado todo
ello a un laboratorio de innovaciones o Living-Lab
urbano que persigue la automatizacion de servicios
urbanos tales como gestion energética, seguridad,
trafico rodado o comunicacién [19]. Otros ambitos

ques, avernacular architecture, adapted to the topo-
graphy, the climate [17] and the cultural idiosyncrasy,
although often coexisting with the first position.

This is the case of architects such as Renzo Piano at
the Jean Marie Tjibaou Cultural Centre (1991-98) in
Nouméa (New Caledonia), in which materials and
construction techniques from the Pacific, such as
iroko wood, are used, although the interior has a te-
chnological approach [Fig.4]. The project acquires a
special interest in this cultural hybridization and in a
unique natural location of enormous ecological va-
lue it also respected the sensitivity of the traditions
of indigenous cultures and also sought to respond to
the humid climate of the area with special emphasis
on ventilation by updrafts.

Thus, returning to the theme of natural ventilation,
it has been a historical constant in the ventilation
systems of traditional and popular architecture [18],
through passive strategies to renew the indoor air
and always with a close relationship between design
and environmental conditions.

Itis an approach that is undoubtedly developed with
High Technology, which has key exponents such as
Norman Foster and emblematic works such as its
terminal at Stansted Airport in London®, characteri-
zed by smooth routes and an automated transit sys-
tem, all advocating simplicity and comfort. The natu-
ral light and ventilation of the skylights of the great
vestibule, supported by a dematerialized structure,
are the two main protagonists of the building [Fig.5].
On the other hand, it is also exemplary the insertion
of the building in the landscape. This building is one
of Foster's great works, responding to both material
and spiritual needs and therefore comparable to
Mies van der Rohe’s New National Gallery in Berlin.

Fig.5.

Stansted Airport. Norman
Foster. London, 1981-91.
(Photo by the author).
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Fig.6.

Phaeno Science Center. Zaha
Hadid. Wolfsburg, Germany,
1999-2005. (Photo by the
author).

de aplicacién serian la atencion de emergencias sa-
nitarias, el control de la polucién ambiental o la opti-
mizacion de la movilidad y la vigilancia [20].

El primer ejemplo de automatismo en la gestion
urbana del trafico es el semaforo. Sin embargo, la
red urbodtica coordina un sistema integrado de in-
formacion con servicios capaces de dar respuesta
a inconvenientes impredecibles, como los sistemas
IPS (Intelligent Parking System) [21]. Por otro lado,
la inteligencia computacional permite ademas el
aprendizaje autbnomo de los microsistemas de la
red urbdtica, si bien la integracién en un Unico ma-
crosistema, resulta méas complicada desde un punto
de vista politico.

Jeremy Rifkin, en su libro La tercera Revolucién in-
dustrial [22] habla de la actual era poscarbonica y
justifica el cambio climatico asociado a la actividad
industrial con combustibles fosiles. Plantea por ello
la democratizacion de la energia con la sustitucion
de energias fésiles por energias verdes o renovables,
con el empleo de hidrégeno para almacenaje ener-
gético por el flujo intermitente de las renovables.
Este autor se refiere también a edificios con produc-
cién de energia propia solar y edlica, con microcen-
trales eléctricas in situ y una red de energia compar-
tida, con una transiciéon hacia vehiculos de motor
eléctrico.

En la misma linea de automatizacion e interaccion
entre usuarios, se incluyen los jardines verticales,
las cubiertas ajardinadas y los huertos tecnificados,
buscando optimizar la eficiencia energética y el res-
peto al medio ambiente [23].

Por otro lado, en el ambito de la construccion, la In-
dustria 4.0 o cuarta Revolucién industrial esta aso-
ciada a automatizacion y robética avanzada en la

On the other hand, another architect who works
with natural light in a masterful way is Zaha Hadid,
with examples such as the Phaeno Science Center
in Wolfsburg, of an extraordinary sensory plasticity

[Fig.6].

6. URBOTIC CITY.

Urbotics deals with urban management, control and
intelligent design, from virtual cities superimposed
on physical cities, all associated with an innovation
laboratory or urban Living-Lab that pursues the au-
tomation of urban services such as energy manage-
ment, security, road traffic or communication [19].
Other areas of application would be the attention
of health emergencies, the control of environmental
pollution or the optimization of mobility and survei-
llance [20].

The first example of automatism in urban traffic ma-
nagement is the traffic light. However, the urbotic
network coordinates an integrated information sys-
tem with services capable of responding to unpre-
dictable problems, such as IPS (Intelligent Parking
System) systems [21]. On the other hand, compu-
tational intelligence also allows the autonomous
learning of the microsystems of the urbotic network,
although the integration into a single macrosystem
is more complicated from a political point of view.

Jeremy Rifkin, in his book The Third Industrial Revo-
lution [22] talks about the current post-carbon era
and justifies the climate change associated with in-
dustrial activity with fossil fuels. It therefore proposes
the democratization of energy with the replacement
of fossil energies by green or renewable energies,
with the use of hydrogen for energy storage by the
intermittent flow of renewables. This author also
refers to buildings with their own solar and wind
energy production, with on-site power plants and a
shared energy network, with a transition to electric
motor vehicles.

In the same line of automation and interaction be-
tween users, vertical gardens, landscaped roofs and
technified orchards are included, seeking to optimi-
ze energy efficiency and respect for the environment
[23]. On the other hand, in the field of construction,
Industry 4.0 or fourth Industrial Revolution is asso-
ciated with automation and advanced robotics in
construction, which entails digital manufacturing
processes and 3D Printing [24], but also addressing
other issues such as cybersecurity or connectivity,
that is, it involves a profound transformation of the
means of production.

All this in an unstoppable process of digitization, in-
terconnectivity, interoperability, standardization and
globalization, with the use of cloud computing, big
data and project management, as well as new re-
sources of the Internet of Things (IoT) [25] or connec-
tion of everyday objects to the Internet; the latter is
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construccion, lo cual conlleva procesos de fabrica-
cion digital e Impresién 3D [24], pero también abor-
dar otras cuestiones como ciberseguridad o conecti-
vidad, es decir, supone una transformacion profunda
de los medios de produccion.

Todo ello en un proceso imparable de digitalizacion,
interconectividad, interoperabilidad, estandariza-
ciony globalizacién, con la utilizacién de cloud com-
puting, big data y gestion de proyectos, asi como
nuevos recursos de la internet de las cosas (loT) [25]
0 conexidn de objetos cotidianos a internet; éste Ul-
timo se trata de un término acufiado por Kevin As-
hton y basado en la idea de ubicuidad que posibilita
un seguimiento en tiempo real [26] y con una mini-
ma intervencion humana [27].

Este nuevo tipo de construccién altamente digita-
lizada esta basado en el disefio generativo y la op-
timizacion paramétrica y supone ademas automa-
tizacion de procesos. Se emplea modelado BIM y
simulacion mediante realidad virtual (VR) o realidad
mixta (MR).

En relacién con la ciudad urbética, algunos &mbitos
de aplicacion del internet de las cosas (I0T) serian in-
fraestructuras (alumbrado publico o trafico rodado),
seguridad (video vigilancia y prevencion de acciden-
tes)o

Interaccion informativa con la poblacién. Por otro
lado, todo ello asociado ademas a dar respuesta a
la problematica ambiental de la sostenibilidad me-
diante el control de la contaminacién o el ciclo hidri-
co.

7. CONCLUSIONES

La arquitectura actual requiere un enfoque interdis-
ciplinar al contemplar, bajo el prisma de la sosteni-
bilidad o ecoeficiencia, aspectos econdmicos, ecolo-
gicos y éticos. El ciclo de vida de un edificio implica
siempre impacto ambiental, ademas de residuos y
desechos toxicos. Se busca por ello la consecucion
de la minimizacién de dicho impacto ambiental, jun-
to a la mejora de la calidad de vida, especialmente
en relacion con la calidad social de las viviendas, en
base sobre todo a su planificacion y disefio.

El desarrollo tecnolégico y la investigacion cientifi-
ca deben apostar por una toma de decisiones res-
ponsable, en base a un imperativo ético en el cual
se fundamenten el disefio y la planificacion de una
arquitectura sostenible, sin efectos colaterales, ni
consecuencias imprevisibles. Solo asi podremos as-
pirar a mejorar la calidad de vida y el bienestar de la
poblacién: resolviendo los problemas de vivienda,
recuperando y conservando el patrimonio construi-
do, reduciendo la vulnerabilidad de los asentamien-
tos més pobres, rehabilitando los espacios urbanos,
reduciendo la huella ecolégica y los recursos y apli-
cando una mayor racionalidad energética. Todo ello

a term coined by Kevin Ashton and based on the
idea of ubiquity that enables real-time monitoring
[26] and with minimal human intervention [27]. This
new type of highly digitized construction is based on
generative design and parametric optimization and
also involves process automation. BIM modeling and
simulation using virtual reality (VR) or mixed reality
(MR) is used.

In relation to the urban city, some areas of applica-
tion of the Internet of Things (loT) would be infras-
tructure (public lighting or road traffic), security (vi-
deo surveillance and accident prevention) or

Information interaction with the population. On the
other hand, all this is also associated with respon-
ding to the environmental problem of sustainability
through the control of pollution or the water cycle.

7. CONCLUSIONS.

Today's architecture requires an interdisciplinary
approach when contemplating, under the prism of
sustainability or eco-efficiency, economic, ecological
and ethical aspects. The life cycle of a building always
involves environmental impact, in addition to waste
and toxic waste. It seeks to achieve the minimization
of this environmental impact, along with the impro-
vement of the quality of life, especially in relation to
the social quality of housing, based above all on its
planning and design.

Technological development and scientific research
must bet on responsible decision-making, based on
an ethical imperative on which the design and plan-
ning of a sustainable architecture are based, without
side effects or unforeseeable consequences. Only
in this way can we aspire to improve the quality of
life and well-being of the population: solving hou-
sing problems, recovering and conserving the built
heritage, reducing the vulnerability of the poorest
settlements, rehabilitating urban spaces, reducing
the ecological footprint and resources and applying
greater energy rationality. All this considering with a
new consideration of the waste as raw material. The
main conclusion is that this new ecological approach
to architectural production is also compatible with
other concepts such as Bioarchitecture and its
wide range of possibilities, such as bioluminescen-
ce or bamboo construction, but also the Internet of
Things (IOT), 3D printing or robotics. Architects such
as Shigeru Ban or Simon Vélez adopt alternative for-
ms that open new paths for architecture much more
respectful of nature and landscape.
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considerando con una nueva consideracion del resi-
duo como materia prima.

La principal conclusién es que este nuevo enfo-
que ecologico de la produccién arquitectonica es
compatible ademas con otros conceptos como la
Bioarquitectura y su amplio abanico de posibilida-
des, como la bioluminiscencia o la construccion de
bambd, pero también a la Internet de las Cosas (I0T),
laimpresién 3D o la robética. Arquitectos como Shi-
geru Ban o Simon Vélez adoptan formas alternativas
que abren nuevos caminos para la arquitectura mu-
cho més respetuosos con la naturaleza y el paisaje.
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