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RESPONSIVE
CITIES DISRUPTING_THROUGH
CIRCULAR_DESIGN

Responsive Cities is a bi-annual international symposium on the
future of cities organized by the Advanced Architecture Group
of IAAC in Barcelona. The 2019 edition focuses on the topic of
“Disrupting through Circular Design” within the framework of the
Creative Food Cycles (CFC) project, co-funded by the Creative Europe
Programme of the European Union and developed by the Institute
for Advanced Architecture of Catalonia, the Leibniz University of
Hannover and the University of Genoa.
"Disrupting through Circular Design" is organized around the
following topics:
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•

DESIGN & BUILD
Keywords: multi-programming | hybrid simulations | predictive
modelling | non-linear systems | circular construction | on-site
manufacturing | resource recovery

•

LEARN
Keywords: new educational models | applied research | making
| raise awareness

•

PERFORM & SHARE
Keywords: self-organization | circular feedback systems |
autonomous behavior | participatory design | blockchain |
sharing economies

•

ADAPT
Keywords: nature-based solutions | advanced and bio
materials | synthetic ecologies
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FOREWORD
Areti Markopoulou
It is clear that what comes next for our buildings and cities, based
on scientific predictions and research, is a future full of challenges.
With more than half of the world's population currently living in cities
and 70% expected to by 2050, urban areas run a huge environmental
pressure to meet their residents’ needs (Ellen MacArthur Foundation,
2012). The increased urbanisation is sparking the need for more
housing, transportation, energy, food and water availability which
is leading to rising consumption and ultimately growing amounts
of greenhouse gas emissions and waste. Moreover, with buildings
responsible for 40% of energy consumption, 36% of CO2 emissions
(EU Directive 2010) and the building industry being one of the
heaviest waste generators globally [3], architecture urges for an
alternative design and construction model, to the prevailing one of
resources-consuming and contaminating.
As a result of rising environmental awareness, a process of rethinking
and replacing traditional non-adaptive and "linear systems" of
"make, use and dispose" is ongoing; theories and models targeted
at enhancing environmental performance, or taking inspiration from
natural processes, have been developed and consolidated, such as
"cradle to cradle" [1], "blue economy" [2], or "biomimicry [3]".

Figure 1
De Stasio A., Raghu D.,
Ricaurte L., IAAC Digital
Matter Studio, 2020
Circular System
Network of Waste and
Matter in Buildings.

materials in construction derived from natural resources or created
by organic waste streams.
Organic waste from cities and countryside such as rice, peanuts
or potatoes, for instance, are transformed into new resources for
the creation of construction engineering and architecture products
contributing to a new value chain where waste or organic content
is the main resource (Arup, 2017). At the same time local craftsmen
or maker's communities contribute in the creation of a variety of
DIY (Do It Yourself) "recipes" and techniques for producing new
recycled or bio and natural based composites. Empowered by open
source culture and the Internet, individuals and local communities
can customize these new material libraries for building their own
"circular" shelters or products [5].
While circular design strategies emerge in the material sphere,
multidisciplinary actions are required at all stages of design, including
architects, soil engineers, material scientists or biologists to name a
few. Rachel Armstrong’s work is the most representative of a group
of biochemists, architects and synthetic biologists that

The rising of these models present a shift towards more "circular"
metabolic operations, and can be found in different practises
and fields in the city [4], including economy, construction, design
and urban planning, among others. Among these models and
theories, "Circular design”, is similarly based on "non-linear" and
circular systems, aiming to close or limit material and resource loss,
presenting the potential to minimize waste, and using this as a
resource in itself, finally creating new opportunities for design.
The circular design model is already being tested and implemented
in the fields of building design, construction and urban planning. The
development of novel material libraries, for instance, are engineered
often shifting towards more organic, natural, recycled or recyclable
consistencies while technologies of material science or synthetic
biology become crucial for their development. Instead of synthetic,
highly engineered materials, we observe a new paradigm for
12
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merge biological "matter" with building elements to create circular
architecture that metabolize waste, produce energy or filter air and
water by the use of organisms such as protocells, algaes or bacteria
[6].

In part of the IAAC work, for instance, earth based materials are
combined with the potential of 3d printing to produce complex
geometries with climatic and structural performance (algorithmic
design) and the potential of robotic technologies to improve the
construction site (on site robotics). In collaboration with UN Habitat
IAAC developed robotically 3d printed circular housing solutions for
different case studies in remote areas in Africa. The material used
for building can be found on site, while once the building's lifespan
ends, the material can be recycled to use it again in new 3d printed
housing shelters (Dubor et. all, 2018).

The manufacturing and construction processes, additionally, are
revisited with the goal to reduce waste and costs. Construction
processes change, as do final aesthetics and building geometries.

Figure 2
Datta I., Tabassum N.,
Kriki P., Chen Y., IAAC
OTF, 2018
Robotically 3d
Printed earth based
architecture for urban
development in
Yaounde, Cameroon.

Examples include practises revisiting traditional techniques such
as the SuperAdobe -piling filled bags with local mix of earth
(Khalili, 2014)- or even 3d printing earth based architecture and
bio composites. Moreover, advancements in digital design and
fabrication present great potentials for material, structural or
construction optimization enhancing principles of circular design. For
example, manufacturing techniques such as additive manufacturing
can be previously simulated in the design process in order to only
deposit material when needed without the need of any mold or
creating any waste. Automation and the creative use of robots
– industrial, mobile and aerial – play a critical role in this change,
as do on-site, robotic manufacturing technologies and pop-up
factories, as opposed to the expensive and environmentally-costly
modes of transportation needed for off-site construction methods.
(Markopoulou, Yuan, 2020)
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Figure 3
De Stasio A., Raghu D.,
Ricaurte L., IAAC Digital
Matter Studio, 2020
New building systemic
typology to integrate
circular matter and
performance in
housing units.

On top of this, the creation of new building typologies, or new
public space and urban infrastructures promote the production,
optimization and distributed management of resources such as food,
renewable energy, waste or water. Urban scale examples include
the use of big data to identify existing waste production streams
(organic waste from urban agriculture) and overlap them with
neighborhood scale biomass stations that could be fed by this waste
in order to produce back heating for these neighborhoods.
Other building scale examples include green facades that boost
building microclimate while being irrigated by filtered grey water or
even entire buildings that are reprogrammed through time, offering
different uses during day/night or weekday/weekends.
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The notions, therefore, of materialising, managing, and constructing
are changing. Notions of durable and consuming buildings and
cities give way to built spaces that produce, manage and reuse, or
transform, resources, as well as thinking in resonance with their users
and the environment.
Within this context, the Responsive Cities_Disrupting through Circular
Design Symposium has the objective to investigate how innovative
and advanced technologies in the field of design (i.e. biotechnology,
big data analysis, predictive modelling, engineered materials,
digital manufacturing, etc.) can help enhance and strengthen the
implementation of circular processes in the urban environment.
How can circular design disrupt linear patterns of extractive
consumption, towards design scenarios where the urban 		
environment becomes productive in itself?

Architects, urbanists, decision makers or designers, are the main
protagonists in the creation of urban, built and public space; and as
such we can guide decisions towards more circular choices, and work
building local partnerships with businesses, across disciplines, moving
towards a responsive circular city.

ENDNOTES

Which digital technologies have the power to enhance the
performance of and with our urban built environment?
How can architectural design secure circularity in cities and
contribute to the UN SDG goal of ‘’sustainable consumption
and production patterns’’?

Figure 4
FABRICations, Frijters E., Klijn
O., Kennedy R., Wijnakker R.,
2018
Mapping of flows of Energy
for implementing a circular
metabolim in the city of
Rotterdam

The main focus of the Symposium is placed on key concepts such
as designing for flexible uses and systems integration; performing
through circular feedback systems; adapting with nature-based
solutions; building for resource recovery, or learning through
advancements related to technological innovation.

Can the environmental crisis become the appropriate context
for exploring novel possibilities for responsive building 		
solutions that contribute to the energy hungry life and 		
inhabitation style we lead?
And eventually, what will be the next generation of products
and services in architecture and cities?

[1] Cradle to cradle theory emerged from architect William
McDonough and chemist Michael Braungart during the 1990s and
was presented in their book "Cradle to Cradle: Remaking the Way
We Make Things" in 2002. Cradle to cradle theory redefines the way
we design integrating natural principles including (i) eliminate the
concept of waste since everything is a resource for something else,
(ii) use renewable and clean energies and (iii) celebrate diversity of
cultural and natural life.
For more info see:
McDonough W, Braungart M., 2002, Cradle to Cradle:Remaking the
Way We Make Things, North Point Press, New York and
<https://mcdonough.com/cradle-to-cradle/> viewed 04 February
2020
[2] Blue Economy is a term coined by entrepreneur Gunter Pauli
and is based on the ZERI (Zero Emissions Research & Initiative)
philosophy. Blue Economy supports an open source movement that
has the potential to shift society from scarcity to abundance by
using the resources available in cascading systems and ensuring that
product waste is utilised as input to create a new cash flow. The Blue
Economy engages a local system of production and consumption,
which concentrates on working with available local resources and
adapting skills and the existing infrastructure accordingly.
More info see:
Pauli G.A., 2010, The Blue Economy: 10 Years, 100 Innovations, 100
Million Jobs, Paradigm Publications, Taos
[3]Biomimicry is a practice that learns from and mimics the
strategies and the ingenious ways that nature used to thoroughly
mitigate many design problems over its billions of years of
development. During the last decades biomimicry has given rise to
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new technologies and design solutions inspired by biological solutions
at macro and nanoscales.
[4] Ellen MacArthur Foundation describes that "a circular city embeds
the principles of a circular economy across all of its functions,
establishing an urban system that is regenerative, accessible and
abundant by design’’

Markopoulou A., Yuan P. (2020) "Design Integration: Global
Technological Advancement and Local Culture" in Sheil B.,
Ramsgaard Thomsen M., Tamke M, and Hanna S. (eds.) Design
Transactions: Rethinking Information Modelling for a new
Material Age, London, UCL Press, pp. 92-98.

For more info visit: Ellen MacArthur Foundation, 2017, Cities in the
Circular Economy: An initial exploration. Cowes, Isle of Wight, viewed
04 February 2020
<https://www.ellenmacarthurfoundation.org/assets/downloads/
publications/Cities-in-the-CE_An-Initial-Exploration.pdf>
[5] Examples of open source DIY (Do It Yourself) material libraries
include the Materiom or Fab Textiles Platform. For more info access:
https://materiom.org/ and http://fabtextiles.org/bioplastic-cookbook/
[6] Rachel Armstrong introduces ideas of metabolic operations in
architecture that she defines as “synthetic architecture” and “soft
living architecture”. Her work merges biological organisms with
traditional building materials. For more information see
Armstrong R., "How protocells can make ‘Stuff’ much more
interesting", AD Archit Design, No. 81, pp. 68–77 and
Armstrong R. 2018, Soft Living Architecture, An Alternative View of
Bio-informed Practice, Bloomsbury Visual Arts, London
REFERENCES
Arup 2017, The Urban Bio-Loop: Growing, Making and Regenerating.
viewed 04 February 2020 <https://www.arup.com/perspectives/
publications/research/section/the-urban-bio-loop>
Dubor, A, Izard, J. B, Cabay, E, Sollazzo, A, Markopoulou, A, 2018,
"On-Site Robotics for Sustainable Construction", Willmann,
J., Block, P., Hutter, M., Byrne, K., Schork, T. (eds), Robotic
Fabrication in Architecture, Art and Design, Springer, pp.390404
Ellen MacArthur Foundation 2012, Towards the Circular Economy: an
economic and business rationale for an accelerated transition,
Journal of Industrial Ecology, Isle of Wight, viewed 04 February
2020, <https://www.werktrends.nl/app/uploads/2015/06/
Rapport_McKinsey-Towards_A_Circular_Economy.pdf>
EU Directive of the European Parliament and of the Council 2010,
On the energy performance of buildings, Official Journal of
the European Union, viewed 04 February 2020, <https://eur-lex.
europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32010L0031
&from=EN>.
Khalili N. 2012, Emergency Sandbag shelter and eco-village, Cal-Earth
Press, London
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CREATIVE FOOD CYCLES
Creative Food Cycles enhances innovative and creative practices
between food, architecture, and conviviality in a transnational
and European perspective. New devices and rituals in urban
food production, distribution, consumption, and disposition are
designed and implemented, for extended and training and audience
development, fostering the exchange of ideas and creatives in
Europe. The approach merges new ways of design and digital
interaction in a transdisciplinary way, exploring cultural, social, and
economic innovations accelerated through the activities.
With an open and inclusive approach and with targeted
communication, a deeper interconnection among architects,
designers, cultural operators, institutional stakeholders, and active
urban society is stimulated, combining the concept of food resilience
to the cultural sphere.
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CIRCULAR DESIGN AND THE PARADIGM OF
GESTALTUNG IN CREATIVE FOOD CYCLES
Jörg Schröder
Creative Food Cycles is a project co-funded by the Creative Europe
Programme of the European Union in 2018–20, developed by the
Chair for Regional Building and Urban Planning of Leibniz University
Hannover (LUH), with the Institute of Advanced Architecture
of Catalonia (IAAC), and with the Department of Design and
Architecture of the University of Genoa (UNIGE).
www.creativefoodycles.org

designerly thinking and work set in action to “advancing the culture
of the technical age” (HfG Archiv, 2003). Soon advancing to new
dimensions of design methodology (Maldonado, 1970), basing design
on independent thinking, civic inspiration, and social interaction,
on experimenting and prototyping, HfG combined processes of
inventing, making, and using—a prerequisite of the cyclical thinking
we aspire today.

Aiming at ecological, economic, and social advancement, the
European target of circular economy is not at least asking for cultural
and technological inventiveness. In fact, this target and even more
the underlying and widespread civic and grassroots movements that
are carrying a deep transformation of how to produce, use, and
recycle material values is already triggering and inspiring innovation.
We can observe a revival of designerly thinking and work, and it
clearly surpasses outdated notions to adapt engineering solutions
to customers. On the contrary, it sees in the social and cultural
interaction with technology the very root of useful creativity.

This understanding of design as mode of research and of research
as part of design, today, can lead to suppose design itself, not is
products, as culture in being for the age of climate change. The
project Creative Food Cycles—initiated and performed by creatives
and researchers in architecture, technology, and design in order to
address food for urban futures—aims to contribute to the coining of
a new “Circular Design”.

With this background, the contribution of the Creative Food Cycles
project to position a concept of “Circular Design” in dialogue with
society can be put forward in three dimensions: first, to use and
understand the topic of food as crosscutting field of innovation
for circular economy; second, to systematically address design as
active and experimental force in larger political, social, and scientific
changes; and third, to discuss implications for the idea and role of
design in research, education, and economy.
For exploring a concept of “Circular Design” probably we have to
extract the term “design” from a common notion of luxury as well
as from the narrow field that the term occupies in many languages,
as for example in Italian or German, where it is related mainly to
product and media design. We can zoom in on the English term
instead that addresses a broad spectrum of thinking and work as a
creative methodology deployed to a specific end, to shape ideas to
become a practical and attractive part of life (Design Council, 2015).
In this sense, design can be defined as “what links creativity and
innovation”. This broad understanding of design—from architecture,
urban issues, products, to communication, etc.—can be inspired by
the circular approach towards a new common mission.
It can refer to the influencing work of Hochschule für Gestaltung, an
innovative design school in Ulm/Germany the 1950ies and 1960ies,
related to the Bauhaus experience. HfG set the range of the school
”from the spoon to the city” and bound the term Gestaltung as
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With its mission is to enhance creative practices between
food, architecture, and conviviality, the project is working in a
transnational and European perspective, setting food in the centre
of cultural discoveries and societal innovation. Food is targeted as a
field that materialises and—at the same time—influences ongoing
deep changes in society and technology, in everyday invention and
shifting routines, in scarceness and abundance: a forefront topic to
explore and shape pathways of cultural creativity in strong links with
society.
Food in terms of food systems regards complex sets not only
of economic activities, but also of cultural actions and human
exchanges that sharply affect Europe’s long-term sustainability
and the living conditions of its cities. We feel that food cycles can
become a driver for positive change: for urban qualities, for cultural
practices, for new urban commons, urban education, as well as
overall for economic development, ecological targets, and social
integration. traditional concepts of city with new metropolitan
scales, regional contexts and urban-rural linkages. In this sense, we
understand the term city as human habitat (Schröder, 2018).
Creative Food Cycles starts from the objective to combine
inventiveness in three fields into a multi-actor and multi-disciplinary
innovation process that is initiated and sustained by a creativecultural approach:
1) to foster Creative Food Cycles as driver of urban resilience.
Resilience is targeted here in a proactive sense: so not only to ensure
the fitness of existing food systems against disturbances as in the
traditional infrastructural paradigm, but to foster novel food cycles
25

as driver for future resilience. The approach of Creative Food Cycles
aims to extend the current initiatives towards a regenerative food
system as part of circular economy (Ellen MacArthur Foundation,
2019) into a creative paradigm aiming at adaptive food cycles as
process of change. What originated from the ecological thinking
since the 1970ies and has been coined as “cradle to cradle” and
“closed loops” principles in production processes is already leading
to initiating technologies and knowledge towards a “performance
economy” (Stahel, 2006) with impact on job creation, economic
competitiveness, resource savings, and waste prevention.

the innovation process, “Circular Design” can be defined as bound to
a new ability how to combine social and technological inventiveness
with artisan and vernacular knowledge and cultural outreach.
For this, Creative Food Cycles aims to envision a new figure of
“Circular Designer” that is necessarily also a cultural actor and an
active citizen.
REFERENCES
Maurizio Carta (2017) The Augmented City. A Paradigm Shift. Trento/
Barcelona, ListLab.

Towards Creative Food Cycles, the concept of circular economy can
be understood as accelerator of transformation towards resilience,
in streams and flows not only of materials, but also of energy,
knowledge, behaviour, and abilities, as generator of sustainable
futures in economy, society, and culture (Schröder, 2016).
2) to enhance Creative Food Cycles as social innovation.
As contributor sustainable urban futures, Creative Food Cycles
extends civic participation towards active engagement in codesign, involvement, and sharing and combine it with new models
of collaborative and social entrepreneurship. Creative Food Cycles
aims at showing how individual engagement can be developed
towards new urban communities, bound to a revision of concepts of
urban rituals in the city (Sennett, 2012). In this context, the manifest
change in social aggregation and its further opportunities based on
digitisation are considered of high influence.
Furthermore, the project target digitisation not only in terms
of community-building through communication, monitoring,
knowledge-provision, and new entrepreneurial and financing models,
but also in interaction with innovative models of urban governance
for a “responsive city” (Goldsmith&Crawford, 2014).
3) to develop Creative Food Cycles through digital-technological
innovation.
With the aim to design interactive protocols and prototypes that are
linking ICT with digital production and cultural practices, Creative
Food Cycles can provide devices with strong cultural and societal
impact. The potential of digital manufacturing towards open
innovation and co-design is seen as a major background for the
project. Furthermore, digital-technological innovations are on the
forefront to strengthen and initiate urban practices that can bridge
the gap between strategic frameworks and bottom-up initiatives.

Design Council (2015) The Design Economy. The value of design to
the UK. Available online at: https://www.designcouncil.org.uk/
sites/default/files/asset/document/Design%20Economy%20
report%20web%20Final%20-%20140217%20Yea%201.pdf
(20.10.2019).
Ellen MacArthur Foundation (2019) Cities and Circular
Economy for Food. Available online at: https://www.
ellenmacarthurfoundation.org/assets/downloads/Cities-andCircular-Economy-for-Food_280119.pdf (20.10.2019).
Stephen Goldsmith, Susan Crawford (2014) The Responsive City:
Engaging Communities Through Data-Smart Governance. San
Francisco, Jossey-Bass.
HfG-Archiv ed. (2003) Ulmer Modelle. Hochschule für Gestaltung /
School of Design Ulm 1953–1968. Ostfildern, Hatje Cantz.
Tomás Maldonado (1970) La speranza progettuale. Torino, Einaudi.
Jörg Schröder (2016) “Flujos, culturas y espacios alimentarios. Hacia
el futuro diseño de metrópolis”. In: Sordi J. ed. (2016) Ecologías
emergentes. Conceptos e visiones más alla del urbanismo.
Santiago de Chile, Sa Cabana Editorial. pp. 51–70.
Jörg Schröder (2018) “Open Habitat”. In: Jörg Schröder, Maurizio
Carta, Maddalena Ferretti, Barbara Lino eds. (2018) Dynamics
of Periphery. Atlas for Emerging Creative Resilient Habitats.
Berlin, Jovis. pp. 10–29.
Richard Sennett (2012) Together: The Rituals, Pleasures and Politics of
Cooperation. Yale, Yale University Press.
Walter Stahel (2006) The Performance Economy. New York, Palgrave
Macmillan.

The concept of “augmented city” (Carta, 2017) in this context can
be seen as a framework how digital inventions in combination with
cultural and social inventions change the paradigms and practices of
urban research, design, planning, and policies.
Supported by the vision of Creative Food Cycles and its declination in
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CREATIVE FOOD CYCLES.
FROM PRODUCTION TO DISTRIBUTION

Cities occupy only 2% of the global land area, but account for 70% of
GDP, 60% of energy consumption, 70% of greenhouse gas emissions
and 70% of solid waste (UN-Habitat, 2018). The urban population
by 2015 had reached 3.96 billion (54% of the world population), it is
expected to total 5.06 billion by 2030 (60% of the world population)
(UN-Habitat, 2015), and 6.3 billion (66% of the world population) by
2050 (Angel et.al., 2016).

Chiara Farinea
KEYWORDS: Food production, Integrated approach, Digital
technologies

The world population is rapidly increasing and the World Bank says
the world needs to produce 50% more food to feed its population
by 2050, but climate change could cut crop yields by over 25%
(Financial Times, 2017).

SESSION: Creative Food Cycles
ABSTRACT
From Production to Distribution is one of the tree focus areas part of
the Creative Food Cycle project, co-financed by the Creative Europe
Programme of the European Union. Several actions as a workshop,
an installation and exhibitions were developed, aiming to enhance
food production systems integration in urban environment, through
the use of computation design, digital fabrication and ICT. The
actions developed had the objective of fostering the integration of
nature in cities, transforming buildings and public space in systems
to live, produce and rest, restoring the environment at the same
time.
INTRODUCTION
Today, we have accessibility to food products coming from anywhere
in the world, all year round. However, it is questionable whether
the quality of these products is healthy, and whether the food
chain is sustainable, like food production, distribution and disposal
involve a complex set of economic activities, exchanges and human
behaviours that all sharply affect the living conditions of the planet
and its inhabitants.
Aiming at supporting initiatives targeted to enhance food
sustainability through circular design, the Creative Europe
Programme of the European Union has co-financed the Creative
Food Cycles Project, which focus on three phases of food cycle,
namely: Phase 1 - Production to Distribution, Phase 2 - Distribution
to Consumption, Phase 3 - Consumption to Disposal. Each phase
is curated by a project partner: Phase 1 – Institute for Advanced
Architecture of Catalonia, Phase 2 – Leibniz Universität Hannover,
Phase 3 – Università degli Studi di Genova.

These data reflect the need to find innovative urban development
paradigms, decreasing the pollution generated by cities and ensuring
healthy food availability for all.
The New Urban Agenda (UN-Habitat, 2018) points to the need
to use urban spatial frameworks, urban planning and design to
strengthen food system planning and urban resilience. It calls for
an integrated approach to urban food policies, connecting the
economic, social and environmental aspects locally. In particular, it
notes the scope for urban and peri-urban agriculture to protect and
integrate biodiversity into city region landscapes and food systems,
thereby contributing to synergies across food and nutrition security,
ecosystem services and human well-being.
As stated by Bonanno (2015), agricultural areas should no longer
be conceived as primary space but as complex ones: green
infrastructures, ecological corridors, natural matrix, eco-systems
services, and production scenarios. They become “eco-system of
systems in plural interaction”.
Moreover, Gausa (2018) underlines the need to integrate agriculture
in cities generating multifunctional spaces, and developing the
existing neighbouring residential, commercial, industrial zones to
promote new positive interactions between agriculture, recreation
and production.
Unpredictability and conditions control
As noticed by Cruz (2019, p.80) “our environmental conditions and
what we still call nature are unpredictable. If we are integrating this
mutating nature into our design systems, then we have to accept
that there is unpredictability, with or without any benefits”.
With regards to the minimization of the undesirable effects of nature
unpredictability Cruz (2019, p.88) argues that advanced software
has the potential to help us “to predict very complex growing and
emerging systems, and it is starting to open the doors to a type of
design sophistication that we didn’t deal before”.

The project main objective is capacity building through training
and education in the field of architecture; at this aim different
activities have been performed, as the development of workshops,
installations and project mock-ups, exhibitions and conferences.
This paper focus on the workshop and the installation related to the
Production to Distribution phase.
Integrated approach to food production in cities
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Especially computation design, coupled with environmental
simulation systems, can help us to simulate environmental and
growth conditions and implement them in a responsive design,
aimed at the control of natural systems evolution in urban
environment.
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Production to Distribution phase
Production to Distribution phase applies the use of technology
in order to facilitate and control plants growth in cities, creating
physical environments that can passively control the parameters
that affects plant growth (e.g. temperature, humidity and solar
radiations), enhancing the quality and quantity of ecosystem services
provided and developing multifunctional urban areas.
The technologies used are computation design and digital
fabrication: computation design allows to simulate the
environmental conditions affecting plant growth (e.g. shading during
different hours of the day, surface temperature, water flow along the
surfaces) and to optimize the design of the cultivation systems (as
for example vertical gardening elements), while digital fabrication
allows the production of non-standard elements, customized for
specific environmental or social needs. Moreover, sensors and apps
are used to monitor the system evolution and eventually inform
citizens about the actions that can be carried out to maintain the
system and share the products that it is generating.
These concepts and methodologies for the development of food
production projects for cities have been applied to the Creative
Urban Farming Workshop and the Mycoscape Installation.
Creative Urban Farming Workshop
The Creative Urban Farming Workshop was held on the 4th, 5th
and 6th of May 2019 at the Institute of Advanced Architecture of
Catalonia in Barcelona and hosted 20 students. The educational
methodology applied was “learning by doing”: the students were
requested to produce a 1:1 scale functioning prototype (Image 1) in
order to test the project performances.

Image 1. Workshop
Prototypes (Pictures:
Federica Ciccone)

Un-Earth aims to integrate plants in cities exploiting all their
production possibilities: it consists of a roof gardening structure
allowing to generate food and textiles using plant roots. It is a
modular digitally fabricated system including different layers: the
bottom part is a mold aimed at control the root growth while
shaping specific patterns; the upper part hosts a layer of soil to allow
the growth of vegetables and herbs. As a result, the system produces
food and a natural digitally designed textile that functions as a noise
and pollution filter to replace the existing architectural balustrade/
facade. Computation design is used to control the textile design and
to shape the roots mold, in order to create a product responding to
specific local conditions, thus enhancing its efficiency.
Parasitizing Urban Voids - students: Lara Del Valle, Melina Pekholtz,
Nikoleta Mougkasi

The projects developed by the students are:
Playponics - students: Fabiana Cerruti Rossetti, Giulia Bertoldo, Demi
Pradolin, Matias Gatti, Emily Whyman.
Food production is integrated in a public space installation aimed at
production, leisure and education, creating multifunctional urban
areas. The word PlayPonic derives from a crash between the words
playground and hydroponic. It is a multilevel structure that can be
used by neighbours to grow and cultivate vegetables and herbs and
by children to climb and play in contact with nature. The system
is thought to be implemented in Barcelona, a city characterized
by scarce water availability, therefore it is based on hydroponic
cultivation which allows water savings. The prototype was fabricated
using digital tools, eco-friendly materials and sensors to monitor the
plant growth.
un-EARTH - students: Oana Taut, Elvin Demiri, Michel Grandörf
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Parasitizing urban voids is a green urban design solution that
provides insect connectivity exploiting and reusing urban voids, thus
enhancing biodiversity in cities and helping to increase ecosystem
productivity. It is a façade system made from digitally fabricated
modular hexagons that function as insect hotels. Each module
consists of multiple hole patterns depending on the type of insects
to be hosted. It is used to activate abandoned urban spaces:
Parasitizing Urban Voids provides pollination hubs in the cities
allowing communities to engage with biodiversity by raising their
awareness and introducing new farming habits.
The Algae of Everything - students: Cecilia Gonzales Torres,
Emmanouli Vermisso, Janine Philippe, Nadina Iona Jurat
The Algae of Everything is installation that consists of an algae
bioreactor to be installed on building facades, generating supernutrients (Algae Spirulina) and energy through a bio photovoltaic
system. The installation is equipped with sensors detecting the
algae conditions and sending data to citizens through an app. It is
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aimed at activating public space: people are involved in the system
maintenance (they are required to touch the structure bags in order
to mix the algae that tend to deposit on the bottom part of the
system) and in change they obtain food and energy. The structure
design uses computation design to maximize solar exposure.
Mutualism - students: Giovanna Bartoleschi, Evanthia Beristianou,
Paula López Barba, Maher Mansour
The word Mutualism refers to the ecological interaction between two
or more species where they both benefit from each other. The aim
of the project is to create a modular system aimed at production of
herbs, mushrooms and mycelium acoustic panels, where the system
design, herbs and mushrooms cooperates to create in hostile urban
environments a microclimate where mushrooms and herbs can grow.
As mushrooms need low temperatures to grow each module of the
system is made of two different surfaces: the external surface, which
is exposed to sunlight, is targeted at the growth of edible plants,
in order to mitigate the city heat island effect and to narrow down
the temperature, while the internal surface, which is shadowed, is
targeted at the growth of mushrooms. When mushrooms fruit, they
are harvested and the substrate which is left is removed, baked and
used as an acoustic panel.
Mycoscape Installation
The Mutualism project has been scaled creating the façade mock-up
installation Mycoscape (Image 2). It consists of modules to locate the
mushroom substrate (straw and mycelium) and an external surface,
parametrically designed, tailored to control the environmental
conditions supporting mushrooms growth.
The implementation of Mutualism allows for urban landscape
enhancement in neglected urban areas while creating new products

and value that local population can benefit from. As agriculture
is a labour-intensive sector, it can provide employment to groups
who find it hard to access conventional jobs. Therefore, Mycoscape
regards urban agriculture as a potential resource for creating urban
prosperity and employment in situations where significant value
added can be achieved, adapting urban surfaces, in this case
facades, to agriculture production.
Conclusions
The outputs of the Creative Urban Farming workshop and the
Mycoscape installation have been disseminated through conferences
and an itinerant exhibition, in order to contribute to the creation of
a body of knowledge related to the optimization of urban cultivation
systems, in order to integrate nature in cities, transforming buildings
and public space in systems to live, produce and rest restoring the
environment at the same time.
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CREATIVE FOOD CYCLES.
FROM DISTRIBUTION TO CONSUMPTION
Emanuele Sommariva, Sabrina Sposito.
1. FOOD AS URBAN MATERIAL FOR SUSTAINABLE RENEWAL OF CITIES
The relations between food and city has always been fundamental
in everyday life, even if today they occur in the far end of distribution
chains. Tracing the complex and non-transparent trajectories that
food cycles need to take in order to reach our plates is generally
impossible, taking for granted that the supply of food market will be
endlessly replenished, every time we go shopping in a supermarket
or dining into a restaurant. A broad range of urban activities, indeed,
links to food: to package, store, transport, deliver, offer, exchange,
conserve, cook, prepare and serve. However, understanding how
the current daily consume habits widely affect the market level of
production, distribution and consumption, is a topic about which
not everybody is completely aware. In fact, one of the great ironies
of contemporary food systems is that big distribution chains and
specialized places for trade in home products (e.g., shopping
malls) or in fake-diversities (e.g., discount-stores and mini-stores),
have dramatically transformed the domestic economies with the
tempting promise of providing a higher level of food security. This
resulted in a progressively relocation of food tastes and of food
heritage at the expense of a diffuse urban metabolic imbalance,
making us more and more dependent on intensive commodification
and standardization process. In this, cities are playing a major role:
“catalyzers of parasitic forms of collective consumption” (Merrifield,
2014, p. 38) and “producers of socio-economic inequalities known as
‘food deserts’ or ‘obesogenic environments’” (Townshend, Lake, 2017,
p. 102).
The figures are staggering. Every day, in a city the size of London,
Paris or Berlin 30 million meals are consumed; 47% of the global daily
production of solid waste consist of discarded food; just to figure out
the nutritional values: it takes about 10 calories of fossil-fuel energy
to produce a single calorie of modern supermarket food (Pollan,
2006; Steel, 2009; Newman, Cepeda-Márquez, 2018). This change of
paradigm regarding food as an urban commodity is linked to a series
of factors (e.g., price formation and accessibility, environmental
impacts, nutritional aspects, health security, territorial justice) which
see the city as the strategic context of future action.
The scale of this agri-business revolution, promoting a perceptive
separation from the place of agricultural production compared to
the urban society, is a sensitive topic also in the European market of
daily food provision. In Germany, for instance, the four biggest supply
chains—Aldi, Edeka, Rewe, and Schwarz Group (Lidl and Kaufland)—
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control 85% of the retail food market. In addition, these companies
operate on an international level, acting as gatekeepers for the
global trade in food products (German Federal Cartel Authority,
2015, p. 18). In this framework, a particular case is represented by
the State of Lower Saxony, one of the leading agricultural regions
in Germany, home to a high-performing agro-food sector: second
economic driver after the automotive Volkswagen industry. In fact,
despite many famous food brands (e.g., Bahlsen and Wiesenhof) are
based here, more than 2/3 of food production is exported abroad.
For this reason, Hannover region is crossed by different streams of
goods directed to Northern Europe, without an historical influence in
culinary or conviviality traditions and inventions.
Today Hannover, as international Fair city (in the legacy of the
EXPO 2000), aims at social inclusion and economic innovation,
as well as at ecological balancing. It is discovering the theme of
quality food and organic productions as overall incentive force, and
as creative sphere and space of pleasure. In the last years, many
innovations in all parts of food cycles have been connected to
spatial manifestations (temporary, moving, stable) in the whole city,
extending food awareness and food safety in a renewed way also
to the Metropolitan Region ‘Hannover-Braunschweig-GöttingenWolfsburg’ with over 3.7 million people.
2. FOODSHED AS CREATIVE GROUND FOR URBAN-RURAL
NETWORKS
Formulated by Hedden in 1929, the notion of foodshed has described
the flows of foodstuffs to feed a market of consumption, being its
barriers mostly economic rather than geographic. Thus, since the
Nineties, the focus of scholarships on the processual aspects of food
has highlighted the limits of globalised supply chains in providing
a democratic and ecological access to food. Despite this, the food
systems have entered the spheres of architecture and urban studies
only recently, in an attempt to overtake a longstanding schism
with the city and its consumptive regime (Wiskerke, 2015; Morgan,
2010). Literature has further examined an ambivalence of the urban
contexts, as simultaneously primary vehicles of depletions and
inequalities (to be decreased) in the food setups and as reservoirs
of innovative potentials (to be enhanced) towards healthy and
regenerative spatial settings. Urban food planning has emerged to
negotiate a “political space” in the urban agendas of metropolitan
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and municipal governments (Morgan, 2010, p. 347), ultimately
recognising the relevance of urban food policies to confront climate
change and poverty in the vulnerable areas of the planet. As Sonnino
(2019, p. 16) argues, governance has been reshaped in the forms of
food councils or food city networks: “[b]y harnessing and recognizing
their social and political ability to act, cities are beginning to relate
their food systems to wider sets of public goods. In the process,
new spaces of solidarity are shaping up.” In what Kloppenburg et
al. (1996, p. 34) have defined as “oppositional elements”, indeed,
cites have already witnessed transformations that embed the urban
dimension in a particular regional productivity combined with urbanrural links in their supply area, stating that “while a system can
be anywhere, the foodshed is a continuous reminder that we are
standing in a particular place; not anywhere, but here” (Kloppenburg
et al., 1996, p. 41).
The ‘National Integrated Regional Food System’ (2007) in New York
has conceived a framework of regional foodsheds with a strong
systemic and design impulse to improve the nutritional aspects
of food through “hubs” as urban drivers of change. This relates to
the idea that a foodshed approach could help in entrenching the
qualities of foodstuffs and food processing into a common interregional frame (see, Conard, Ackerman, 2010).
However, the necessity of tracing and systematically experimenting
with materialisations of regional scales and local values in the food
infrastructures is still little discussed and piloted in daily routines.
The collection of best practices (Markoupoulou et al., 2019) of the
‘Creative Food Cycles’ project and the actions described in the
following sections show that food culture must be prompted beyond
its established limits, as an everyday expression of public urban
rituals and sustainable habits.
3. URBAN FOOD HOTSPOTS: PROTOTYPES FOR AN INSTANT
URBANISM
The complexities and contradictions of the urban food systems ought
to solicit strategic forces in their regional settings yet to be tiedup with assortments of material experimentations in the cultural
and creative fields of cities. Exactly in terms of resilience, circular
economies and sustainable urban futures, a key asset for the food
sector consists in binding research and policy’s agendas with the
empowerment of communities of artists, cultural professionals
and civic society towards pro-activeness and engagement. The
establishment of food as a spatial, economic and cultural devise for
better urban qualities builds, therefore, on the capacity of catalysing
and reinforcing a cohesive positive change in everyday life of cities.
Hence, novel food practices to be tested and set in motion in the
interchanges between architecture, art, technology and culture
could offer daily contributions to sustainable food cycles (Schröder,
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2017). In this, the cycle that addresses foodstuffs movements and
regional metabolism from the scale/category of markets (supply) to
that of kitchens (processing) and tables (consumption) highlights
manifold spatial opportunities to innovate into the foodsheds. As
such, the invention of multi-purpose stages to materialise urban-rural
networks, to experience conviviality and activate food rituals in cities
has been central to the actions of ‘Creative Food Cycles’ led by the
Leibniz University Hannover (Chair of Regional Building and Urban
Planning) in the phase from food distribution to consumption.
As the first action of an intense working programme, a three-day
creative workshop ‘Food Cycles Pop-Up’ has, indeed, prototyped
various concepts of an urban food hotspot as a stage for codesigning, collectively performing and communicating alternatives
in the food setups and trends of the city of Hannover. The
methodological steps engage with a research-by-design approach
and instant urbanism techniques combined with thematic lectures,
experts’ reviews, open debates and interactions with performing arts
and local initiatives of sustainable food marketing.
Five main lines of inquiry have served as critical inputs to the
prototyping sessions, thus resulting in situated responses to
diversified food challenges . The line food culture has experimented
with two sub-strategies: on the one hand, the idea of stimulating
both a subjective (intimate) and a shared (exhibited) sensorial
discovery of food through the design of rotating panels, testing
rooms and experiential pathways (1). On the other, the idea of
introducing a social mobility of food: customised boxes that
transport tools and utensils for initiating food interactions in public
spaces (2). The line conviviality has proposed spaces for social
workshops linked to the self-manufacturing of plates as a way to
tackle the impacts of contemporary dining and build healthy eating
styles (3). Moreover, it has conceived a new urban furniture for a
restful food consumption that users can rotate in accordance to
the desired amount of sunlight, air, shadow, view and company
(4). In the line digitisation, two streams have emerged to creatively
integrate advanced technologies and a vernacular knowledge:
movable wooden frames—enhanced by sensors—whose architectural
shape changes in accordance to subjective choices of ingredients
for a meal (5) and pavilions—based on a parametric design—that
stimulate unexpected food perceptions by colourful and interactive
actions (6). Considering the line circular economy, proposals have
contributed to food-waste reduction through: a leftover kitchen that
includes storage, sharing and cooking spots designed with recycled
materials (7) and food ‘totems’ as transitory/playful structures for
cross-cultural exchanges, public crafting and dining (8). Finally, the
line sustainability has dealt with a necessary transition towards
greener city by designing an unfolding movable table for unused
parking slots that structurally integrates a community green rooftop
with herbs (9).
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Modular, flexible and pop-up have been the basic attributes required
for the entirety of proof-of-concepts: these attributes reflect the
agency of architecture and design to orient positive changes in
the daily attitudes of people toward food and its socio-cultural
geographies.
4. PORTABLE: UNFOLDING PUBLIC LIVING ROOMS FOR FOOD
RITUALS
Of the outcomes designed during the ‘Food Cycles Pop-Up’
workshop (described in section 3), ‘PorTable’ has been further
analysed, scaled-up and finally built as a pop-up installation. The
project aims at raising the power of transformative civic actions to
promote a place-making effect and to create attractive spaces in
cities. PorTable has developed the concept of a mobile urban food
hotspot able to aggregate rituals of conviviality and to transform
urban streetscapes. The necessity to put again at the centre of our
urban agenda the role of open public space—as a real aggregator of
socio-cultural manifestations—is inherently linked to the challenges
posed by a rapid changing urban society towards sustainable
transportation models. Less traffic and fewer cars, indeed, denote
more unused (parking) spaces and this could open a broad range
of micro initiatives, which recall the idea of a tactical urbanism
empowered by local residents in an effort to turn derelict space into
new community hubs.
With this meaning, the installation pushes forward the social
awareness of sustainable foodshed, by materializing everyday simple
rituals, by recollecting them in a new conceptual narrative: the care
of a garden spot, the laying of a shared table, the occupation of a
space linked to food festival, a pop-up market, a stage for music
and artistic performances. Advocating the ‘right to use’ principle,
Portable is a modular and movable unfolding table covered by a
raised cultivating bed in which culinary or wild herbs can grow. The
project, in detail, consists of two interrelated parts.
•
A folding table consists of a stall containing 15 wooden
modules (160x65 centimetres each) with W-legs that fold up against
the tabletop. The modules are connected to each other with ad hoc
manufactured metal hinges. In its closed configuration, the stall
occupies the size of a normal parking lot (2,3x5 metres); for a small
event the table can be unfold just a few meters; when completely
unfolded the table reaches about 22 metres of total length.
•
A raised bed covers the table stall by mimicking a
freestanding crop bed (300x80 centimetres) of 15 centimetres depth
where is possible to densely cultivate a selection of culinary herbs
(Thyme, Basil, Rosemary, Parsley, Chives, Dill, Sage) or eventually
edible wild herbs, while providing a splendid variegated display.
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Anyone who wants to join can bring a chair, so that PorTable creates
a public living room, where you can meet, eat together by promoting
the idea that shared public space needs the attention and care
of everyone. The installation can be reproduced and customized
according to different colours, communication needs and openair uses; it is able to shape different spatial configuration in a line
and becoming a real multipurpose stage for displaying, sharing,
distributing, cooking and marketing Food-Art-Creative events,
supporting neighbourhood’s social life.
CONCLUSIONS
How can food cycles create a novel conviviality, thus enabling a
proactive transformation of cities? When exploring the cycle from
distribution to consumption, the invention of food rituals can be
pointed out as pivotal. Rituals are based on knowledge and practice,
on cross-fertilisations and exchanges: through their direct and
manifest force in cities, they offer contributions to the reshaping
of food flows in terms of catalytic materialisations. The influx of
artistic intentions into architecture and design has clearly provided
stimulating entry points for creative interventions. The concept
behind is that innovative modelling of tables, kitchen utensils,
cooking processes and market setups can form living theatres’
elements and active public spaces for new urban experiences.
Unfolding urban spaces for conviviality and social rituals is viewed as
a means to raise communities’ interests in local cultivations, regional
foodsheds and territorial biodiversity, as a way to build urban-rural
narratives for cultural food systems and circular economies. From
the architectural object to the city and the regions, they design
alternatives to what globalised food chains dictate in terms of
products and processes, by offering a sensorial and performative
rediscovery of tastes and values. Therein, it is arguably apparent
the new roles of architects, designers and cultural professionals
as creative agents of sustainable urban futures. Hence, as priority
actions of Creative Food Cycles, ‘training and education’, ‘audience
development’ and ‘transnational mobility’ tackle with the various
implications for learning, practise and scholarship of these envisaged
roles. The formula of a co-designed workshop based on five lines
of inquiry and a pop-up installation aims at building capacity to
systematically experiment in transitioning urban foodscapes, by
giving prominence to the city as experiential ground of positive acts
and resilient behaviours.
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CREATIVE FOOD CYCLES.
FROM CONSUMPTION TO DISPOSITION
Manuel Gausa, Raffaella Fagnoni, Silvia Pericu, Giorgia Tucci, Chiara
Olivastri.
The unit of Genova, within the Creative Food Cycles project, has its
focus on the last phase of food from consumption to disposition.
The research, at a general level, addresses the topic of food not
only as cross-cutting factor, but as accelerator of desired change
towards co-designing sustainability in cities. In this direction different
activities are proposed to explore new ways, not only targeting
design innovations of food as an industrial product, but also trying to
move the levers of cultural innovation. A culture-based approach to
food cycles, i.e. production, consumption and disposal, can provide
a deeper understanding, as well as new models, and practical tools
to enhance circular economy in everyday life and a driver for positive
change. Food is increasingly more important after the disruptive crisis
of 2008; it has more than ever become the new land of conquest of
speculative capital.
The world population growth together with the diet’s change in
developing countries and the land’s scarcity makes the investment in
the sector particularly attractive. It is not anything new, as the food
industry has developed and designed over time a fool proof way to
subvert the relationship between food, territory and people. From
the wheat bread revolution to the invention of refrigeration, and the
food globalization process, culminating in our times, food has turned
out to be an industrial product strongly subjected to profit. Just as
the food industry has progressively and systematically designed over
time the products that support the distribution and consumption
of goods in our daily lives, design cultures today have begun to
rethink and question new production, distribution and recycle models
of food cycles. It has to be taken into account that designing on
the topic of food has the “ability to work on the functions of the
emotional process, which is closely linked to the cognitive process,
or rather to the aesthetic emotion that objects trigger” (Di Lucchio,
2010). Food is a powerful medium to convey these issues to a
wider audience, as a tool for reflection, and to expand the field of
investigation to the solutions in response to the challenges of the
future: functional ones, above all, linked to the availability of food,
to our consumption habits, to the production and distribution chain,
to the environmental impact of supply chains and food waste
through a creative approach. The mandatory radical change for the
pursuit of sustainable development goals requires a positive and
creative attitude to reinterpret the reality that surrounds us and
the objects of everyday life. Among those, food waste represents a
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fertile field either for experimentation either for fully understanding
the relationship between ethical elements and the new aesthetic
dimension. Considering food waste as an opportunity to develop
new products and materials is a revolutionary action and, like all
revolutions, must be illustrated and made acceptable by an audience
as wide as possible. Today, the role of food has become central in
everyday life, entering strongly into the cultural and entertainment
system, just think of the growing number of festivals related to food,
especially the quality festival or the rediscovered local tradition,
or the disproportionate increase in television broadcasts related
to cooking, arriving at the creation of channels dedicated to the
subject. The city has included markets in its transformation, putting
food in the showcase in a preponderant way and this was also clear
in Milan during Expo2015 markets can be new centralities. This follows
very much the trend lines that large cities are pursuing in the logic
of urban food policies that generally include: guaranteeing access to
healthy food for all; promoting a sustainable food system; promoting
a culture oriented towards conscious consumption; reducing waste;
supporting and promoting scientific research in the agri-food field.
The theme of food, in fact, is a fundamental lever for the new
development mechanisms, as well as the understanding by all
citizens of the entire supply chain and of all the potentials involved in
urban and territorial transformation.
In the coming years there will be many actions and proposals to
achieve the objectives of the food policy, including initiatives aimed
at ensuring that even the most vulnerable groups can access
healthy food. All this has however activated different degrees of
awareness on the quality and origin of food (Km0, BIO, DOC, DOP,
etc..), linking more and more the concept of food to the concept of
sustainability. However, the increasing attention to sustainability
and the environment has led start-ups and research centres to
investigate new methods and uses of materials derived from the
cycles of production, processing, storage and distribution of food,
in order to reapply them within the food system as an alternative
or in other areas of application. Nowadays, there are three main
products derived from innovative processes related to the world
of food: bioplastics, ecotextiles, green paper. These products are
mainly applied in the world of industrial design, mainly because of
the difficulty of processing large quantities of organic waste, but
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this should not limit the creative possibility of their use, if we think
of a different field as that of solar energy, until a few years ago
this was only detectable through rectangular and rigid panels and
products from highly polluting material, today accumulators can
be rolls, transparent paints, road surfaces and also from the point
of view of materials the introduction of graphene is changing ideas
on production processes. This the Creative Food Cycles research,
according to the sense of urgency and adopting a radical approach,
is therefore aimed at creating an international multidisciplinary
platform that displays simultaneously a recursive set of thematic
actions as workshops, art-installations and itinerant exhibition,
related to the three different creative food cycles phases: the first,
from production to distribution, works on the intersection of digital
technologies, bio-technologies and innovative zero-miles design and
scattered food production.

both for industrial products and for applications in architecture. A
development model that is anything but new, which uses new tools
and new opportunities allowed by technology to recover a peasant
tradition based on the culture of reuse that produced no waste
whatsoever. A philosophy that is contextualized within the circular
economy, using the material energy of food, but also conceptual, for
a better safeguard of resources.

The following step, distribution to consumption, designs sensorial
experiences and cultural events able to enhance circular economy
in everyday life activities with special attention to new models of
distributing, marketing, processing and consuming food. In the
end the consumption to disposal phase highlights new ways of
recycling and reusing food waste as a resource for the creation of
new ecological materials or prototypes. The aim is to persuade users
to change their behaviours about food waste, exploring the links
between food, design, creativity and space.
The objective of the activities organized by the Genoa unit is to
explore the process that brings food from consumption to disposal,
by offering new potentials meaning and spatial combination in
design reinterpretation. In this regard, one of the main urgencies
that architects, designers and artists are called to respond is how
to configure new design and creative experiences from discarded
products (from waste to resources) and include a wider public as
possible in the process, making sustainable more compelling and
more attractive.
Our Food Shakers | Food Remakers Workshop has investigated the
after consumption phase of food cycles and how design based
on creativity and conviviality can express new interactive ways to
enhance circular economy in everyday life activities, by means of
experimentation about food waste as new material: i.e. from organic
food waste to the creation of new industrial materials, or food waste
and food packaging for new products, or even from organic food
waste to real product for consumers.
The aim of this study is therefore to present a series of experiences,
materials and products derived from domestic and industrial
food waste that, properly transformed, become a new resource
44
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OILANDSCAPES

1. INTRODUCTION
The energy crisis of 1973 represented an epoch-making moment of
radical changes in the global economic model because, for the first
time since the first industrial revolution, the productive and energy
system based on fossil fuels’ dependency revealed its structural
instability. It is not a coincidence if an ecological awareness spread
in the 1970s, questioning the simulacra of the industrial growth and
opening up to “ecology” as an interdisciplinary domain which should
play a fundamental role in social and economic sciences for the
pursuit of a sustainable development.

“Up-sourcing” as a renewed
socio-ecological narrative for oil
infrastructure
Alberto Verde
University of Ferrara, Department of Architecture
vrdlrt@unife.it

Oil industry has established a contradictory relationship with
territories: if, on the one hand, it represented for decades a working
opportunity for local communities, on the other it exploited immense
amounts of territorial resources, causing serious environmental
damages. In view of the energetic transition towards renewable
energies foreshadowed by Rifkin’s third industrial revolution
(2011), we have to question about the role which existing energy
infrastructure could play in a territorial restructuring perspective
which envisages unhinging the technical territorial hierarchies of
second industrial revolution’s fossil fuel infrastructure.

KEYWORDS

oil, landscape, energy transition, research by design, circular economy

ABSTRACT
The debate about “energy and landscape” is at the centre of the
attention as we are witnessing an epochal change in energy
production, moving from a centralized system to a distributed
territorial one. Fossil fuel infrastructure is seeing its functional and
territorial role completely compromised.
In view of the energetic transition foreshadowed by Rifkin’s “third
industrial revolution”, the paper looks at the widespread physical
connections among upstream, midstream and downstream activities
as the real potential that an oil infrastructure’s reconversion
could share for the forthcoming territorial restructuring. It will be
necessary to overcome the notion of “oil infrastructure” and embrace
the systemic vision of “oil meshes” in order to outline innovative
development scenarios which integrate socio-ecological dimensions
to the infrastructural design domain and define new OILANDSCAPES.
The paper wonders about how the oil mesh of the North-Eastern Po
valley in Italy could be de-engineered and could enter the domain of
green infrastructure planning. “Up-sourcing” consists of a neologism
describing the new narrative proposed for reinventing their new
territorial role as “green energy backbone”, imagining that CO2
capture and re-use could allow to picture out new business models
better responding to the circular economy and a carbon neutral
territorial development vision.
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The necessity of starting an energy transition based on an “ecological
thinking” would completely disengage energy production from the
vertical and linear economic model imposed by the first and second
industrial revolution, boosting a more democratic, horizontal and
distributed energetic production system on which the third industrial
revolution’s circular economic model should lie.
The transition from a centralized energy production model to a
territorially distributed and extensive model opens up to a field
of research that is still unexplored and to an immense design
opportunity in the field of infrastructure, looking more at the design
of “energy landscapes” rather than “energy infrastructure”, where,
according to Bélanger (2017), “infrastructure” responds to purely
engineering, functional and technical needs, while “landscape” meets
a complexity that accommodate life and integrates in a systemic and
circular way multiple domains and scales.
Considering that energy infrastructure, and in particular those
belonging to oil industry, defined deep territorial transformations
and redesigned the hierarchies among the principal territorial
components (water, nature, industry, inhabited centres) and in
view of the “circularity” notion which prefers reconversion and
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reuse of existing heritage to a “tabula rasa” approach, the role of
architects, landscape architects and urban planners is to imagine
how integrating the existing technical energy artefacts to a territorial
restructuring process which looks at combining socio-ecological
dimensions to the infrastructural design domain.

Figure 1:
North-Eastern Po Valley fossil
fuel mesh (elaborated by the
author).
Figure 2:
The dichotomous proximity
of the NE Po valley mesh
(elaborated
by the author).

It is evident that the widespread territorial network of physical
and functional connections among upstream, midstream and
downstream sectors represents the real potential for reframing oil
infrastructures. Questioning their role in the light of the energetic
transition signifies to consider them as a whole, as territorial “oil
meshes”, in order to “de-engineer” (Bélanger, 2017) their original
technical function and to establish new hierarchies with territories
and local development processes, which cannot escape from a deep
restructuring of energy production system based on renewable
energies’ exploitation.

2. METHODOLOGY
2.1 DESIGN AS A METHOD OF INQUIRY
Research by design is the methodology chosen to investigate
territories, using “mapping” and “scenario-building tools” in order to
imagine spatial futures:
- Mapping is the principal tool used during the analysis phase. It
consists in the activity of construction of new cartographies through
the use of GIS tools (QGis 2.10.1 Pisa).
Metadata containing geographical information and statistical data
have been intertwined and superimposed in order to give unexpected
interpretations of the territory;
- Scenarios are a narrative form of spatial futures which are the
result of an experimentation process directly applied on case studies,
based on the use of reasoning and design tools, that must work
within a previously defined set of limitations and assumptions.
Scenarios contain, manipulate and create concepts. They discern the
peculiarities of situations, and speculate on their possibilities with a
disruptive potential.
That is why scenarios are used to open up debates and not to define a
unique future development in a closed way.
2.2 A TERRITORIAL CASE STUDY
Among the oil meshes of the Adriatic-Ionian region, the North-eastern
Po Valley oil district was chosen as the main case study, thanks to
the rich sample of types of fossil fuel infrastructure (gas extraction,
oil and gas pipelines, refineries, petrochemicals and thermoelectric
power plants) and thanks to its wide range of different states of use or
abandonment of this infrastructure.
The cartographical mapping merged some GIS metadata, in
particular geographical information extrapolated from Corine Land
Cover 2012 database, with underground fossil fuel infrastructure
information, thus giving life to unprecedented maps showing a
widespread underground network of strategic connections between
infrastructural nodes of the oil industry that indiscriminately crosses
vast territories and ecologically sensitive areas. Indeed, refineries,
petrochemical infrastructure and power plants were often located in
proximity of water courses for functional reasons, but it resulted that
they affected very fragile and protected natural environments (i.e.
Natura 2000 sites or Emerald areas), or even important archaeological
or cultural heritage sites.
In the light of a wider reconversion of oil infrastructure towards
the territorial restructuring of the third industrial revolution, that
dichotomous proximity could turn in a real territorial opportunity
which could integrate oil infrastructure into the green infrastructure
network’s notion.
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of the territories, thus transforming the landscape not just in a
support for energy infrastructure, but in the infrastructure itself
Thus, the widespread network of fossil fuel infrastructure, given
its pervasive diffusion on the territory, could become the “energy
backbone” (Verde and Massarente, 2017) for a territorial distributed
energetic production and storage. The new narrative could see the
traditional oil industry’s linear and centralizing role completely
overturned and oil meshes could rediscover themselves as a circular
support for a process of democratization of energy production and
distribution that could also have significant environmental benefits.
The narrative of “up-sourcing” (Verde, 2018a) could represent a
plausible scenario for reinventing oil meshes territorial role in the
light of the third industrial revolution and of the circular economy.
“Up-sourcing” is a neologism that refers to some theoretical
inspirations of the recent literature that can be summarized as
follows:
- “up-cycling” notion (McDonough and Braungart, 2002);
- “re-wiring” scale (Bhatia, 2016);
- rejects as “new sources” (Berger, 2007).
In the framework of an economic model that is still heavily dependent
on fossil fuels, we must unhinge the classical system and turn the
problem into a solution on which to base a new circular design
approach. Thus, industrial CO2 emissions are a condition that must be
valorised by making them from rejects to a new source for innovative
production processes or services, whether related to energy or not.
2.4 CO2 FEEDERS AND CO2 EATERS: A CIRCULAR DESIGN
EXPERIENCE
Fossil fuel meshes could be thought as territorial energetic backbones
for the CO2 recovery and H2 storage to which other distributed
territorial energetic networks could hook up.

Figure 3:
The up-sourcing narrative of
oil meshes as green energy
backbones (elaborated by the
author).

2.3 A NEW NARRATIVE FOR THE CIRCULAR ECONOMY
A local development programme cannot avoid relying on a new oil
mesh narrative. The renewed role of fossil fuel infrastructures can
lie on its original energy dimension, but incorporating that socioecological dimension that architecture and landscape disciplines can
bring in their “de-engineering” process.
The energy transition towards distributed models of energy
production opens up to new scenarios, including those of exploiting
the energy potential that comes from the process of metropolisation
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Carbon dioxide recovery must be fed by activities producing
CO2 emissions, as downstream oil activities are (refineries and
petrochemical sites). The extremely diverse situation of the state
of use of downstream sites in the area of the North-eastern Po
Valley suggests a further step in the reflection: those refineries and
petrochemical plants still in operation could play the role of CO2
feeders, while the dismissed ones could be considered as CO2 eaters.
The main technological improvement needed to make the synergic
functioning between feeders and eaters effective should be the use
of Carbon Capture and Use (CCU) technology. Carbon dioxide can be
intercepted by exhaust industrial fumes, purified and stabilized in a
supercritical stage and then conveyed to the “digester” site through
the use of the former oil pipeline. In this way, it will be necessary to
set up activities capable of absorbing large quantities of CO2 on the
receiving site, looking at a global carbon neutral footprint.
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It is well known that plants devour large amounts of carbon dioxide
during the photosynthesis process. In particular, algae can improve
their biomass production absorbing large amounts of carbon dioxide.
Micro-algae for energy purposes is a fairly recent field of research,
but their cultivation in closed photobioreactors pumped with carbon
dioxide seems to be a promising technology. But even hydroponics
cultivations in greenhouses, even though they are less efficient in
terms of carbon dioxide absorption, can also be considered as CO2
eaters activities that could also integrate a R&D programme in the
field of agriculture for energy or food purposes.
The research focused on the oil mesh case study between the oil
downstream site of the industrial port of Ravenna and the Polesine
Camerini thermal power plant, in the very middle of the Po delta
valley, connected by a 90 km underground oil pipeline. If the Ravenna
site, being still operational, is considered the CO2 feeder of the system,
Polesine Camerini should play the role of the CO2 eater, making
necessary to define innovative CO2 absorbing programme in order to
be integrated into the green energy backbones narrative and boost
new circular business models based on transforming rejects into
sources.
The future development of the two intertwined sites cannot be
considered separately, since their territorial potential precisely lies in
considering them as a unique system. In this way, the programme of
the two areas has to be thought in synergic dependency, looking at
our territorial “up-sourcing” narrative.
The trans-regional potential of our mesh case study made the project
for converting activities in Polesine Camerini dependent on the supply
of CO2 from downstream activities settled in the Ravenna industrial
harbour, thus proposing a conversion per phases of the previous
thermal power plant as an innovative energy productive CO2 eater,
based on the energetic potential of micro-algae cultivation in open
raceway ponds or in photobioreactors (Verde, 2018b).
The circular economic and productive model for energetic purposes
would be completed, in a first phase, by the implementation of microalgae cultivations in raceway open ponds. Here, micro-algae should
be enriched by the collected carbon dioxide in order to make their
growth faster and more efficient. After flocculation and dehydration
processes, micro-algae biomass can be harvested and treated via
pyrolysis in order to obtain “syngas” and “bio-char”. The two byproducts are exploitable for different purposes:
– syngas is a renewable combustible, which could represent an
alternative to natural gas and be used as fuel for electricity generation;
– bio-char is a selenium-rich natural fertilizer which is used in
agriculture to improve soil quality and which seems to have
remarkable properties in carbon sequestration.
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Figure 4:
Phase I – Polesine Camerini
thermal power plant as a CO2
eater for sustainable energy
production (elaborated
by the author).

The electricity produced using the renewable syngas will be entered
in the national power grid and CO2 emissions will be captured again,
stored and then used to feed micro-algae cultivations, thus closing the
circular system and giving the start to another carbon neutral energy
productive cycle. Moreover, before being returned into the delta, the
huge water quantities taken from the river for energy production
could be used as the broth for microalgae cultivation in raceway open
ponds and, thanks to microalgae’s phytoextractive properties, could
be reclaimed before their release into the Po delta.
In a second phase, the implementation of hydrogen technology for
energy production could be envisaged. Developments in research for
the cultivation of algae in photobioreactors will make this technology
more cost-effective, less energy-intensive and therefore scalable for
a large industrial production. The recovered carbon dioxide will
be conveyed inside the cultivation broth of photobioreactors in
order to speed up the growth process of algal biomass. Hydrogen
production during the photosynthesis process will be recovered from
photobioreactors and stored as a clean renewable source of electricity.
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At the same time, algae biomass can be used for the implementation
of biochemical processes for energy transformation, such as anaerobic
digestion, which will allow to obtain biogas rich in methane,
hydrogen and carbon dioxide.
In this case, upgrading processes of biogas in biomethane involve
the capture of hydrogen and CO2, in order to use biomethane as a
renewable fuel for the local energy production or even to inject it into
the national natural gas pipeline network for heating energy needs.

The implementation of hydrogen technology would contribute to
the consolidation of a further step towards a circular economic and
productive model, which allows the production of renewable fuels and
biogas through local algae cultivations and disrupts the historical
dependence on those geographical areas rich in hydrocarbons.
Taking advantage of the synergic relationship between CO2 feeders
and eaters recovery backbone, it is possible to imagine that a further
evolution of the system could be the implementation of an “Agroenergy park”, because the ecological-sensitive energy production
would allow to couple social inclusive activities, such as R&D activities
in the agro-energetic, agro-food and phytoreclamation domains, so
boosting the creation of new green jobs. The synergies between the
agro-food and the agro-energetic industry could arouse a renewed
vigour to ecological tourism, thus contributing in the development
of new widespread ecologic corridors, which will merge with the
Natura2000 protected areas network.
CONCLUSIONS
The construction of the scenario for the “up-sourcing” of the oil mesh
between Ravenna and Polesine Camerini for a sustainable energy
production which uses CO2 as the primary source for micro-algae’s
biomass growth teaches us that for the implementation of a “circular
design” like the one exposed, it is necessary the occurrence of some
synergic conditions which lie on the following observations:

Figure 5:
Phase II – Polesine Camerini
thermal power plant as a CO2
eater for sustainable energy
production (elaborated

– OILANDSCAPES have a trans-regional territorial development
influence: a circular strategic design could be reached if it were
to be implemented some trans-regional planning tools capable
of transforming the informative use of the design activities in
programming strategies to be incorporated by subordinate planning
instruments, in order not to lose the synergic potential of a systemic
conversion of oil meshes;

by the author).

– A circular design experience should even lie on a circular economic
model: the establishment of an “eco-industrial park” which includes
all the pollutant properties lying on CO2 feeder site would contribute
for a collaborative synergy in the financing of the necessary
infrastructure for the Carbon Capture and Use technology.
The eco-industrial park’s partners would not only share infrastructure
costs, but could also benefit from sale or valorisation of their polluting
rejects to CO2 eater activities, actively contributing to a significant
reduction in atmospheric emissions and looking at a global carbon
neutral production footprint.
A hypothetical scenario could also envisage the “eco-industrial park”
partners as active stakeholders for the settlement and exploitation of
the CO2 eater’s activities, in order to diversify their market production
and to develop high value added by-products from the rejects of their
main industrial activities;
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– The boundaries between nature, intended as untouchable areas
only suitable for recreational purposes and as biodiversity reservoirs,
and industry, intended as impenetrable and polluting activities, will
fade, so as those between “oil” and “landscape”. Accepting their transregional scale, OILANDSCAPES should enter the Green Infrastructure
network, intended as a multifunctional and mixed environment
which hosts life and which is both part of an ecological network and
of green energy backbones.
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1. INTRODUCTION
“We live in an age of neo-mechanism, in which technical objects
are becoming organic” (Hui, 2019). Today’s omnipresent, systemic
and intelligent technologies are forming an ecosystem we live in.
Algorithms that reconstruct 3d space from cameras and lidars, neural
networks for object and obstacle recognition, segmentation and
tracking – are the senses of the intelligent agents that are getting out
of the laboratories and onto the streets of our cities.
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KEYWORDS

Progress in genetic engineering and synthetic biology enables a
complex physiological platform along which (in)organic robotic and
ecological agents are symmetrical and whose symbiosis is no longer
metaphorical or narrative, but indeed performative.

ABSTRACT
In the last decade, the proliferation of machine learning, the adoption
of multi-scalar robotization protocols, the progress in genetic
engineering and synthetic biology, all have conjured the evolution
of novel synthetic fabrication strategies in architecture. These are
now actualizing cybernertic design methods and embedding biocomputational intelligence which changes our understanding of the
relationship between the human and the machinic bodies as well as
the relationship between the architectural and the natural landscape.

These intelligent technologies require colossal amount of resources
and produce tons of waste, emissions, and toxic e-waste. At the
same time, intelligent systems are observing and protecting our
ecosystems. Sensors monitor climatic data, changes in the ocean
temperatures, contamination, and become immanent parts of our
ecosystems. Increasingly intelligent technologies act as organisms
and become companions of our daily activities. Robotic and machinic
agents are no longer mere allopoietic automates but are evolving into
autopoietic systems: they are enabling a new cybernetic design logic
merging biologic, human and digital systems.

bio-computation, aesthetics, cybernetics, synthetic landscape, ecology

This paper presents a novel theoretical approach, discussing the
aesthetical dimension in cybernetic design. The following paragraphs
illustrate how bio-computational aesthetics are now being deployed to
re-define architecture’s design strategies.
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2. SYNTHETIC ECOLOGIES
The reading of technical systems is accompanied by a change in the
concept of nature, which evolves its meaning from a romantic first
nature to a second “standing-reserve”(Heidegger, 1977) nature, and
a third nature understood through the concept of “cosmotechnics”
(Hui, 2019). The concept of “Mother nature” (Zizek, 2016), understood
as a harmonious, cyclic and balanced system only perturbed by
human activities, no longer exists. We now recognize nature as
a “twelve-thousand-year-old human product” (Morton, 2014) catastrophic, imperfect, transformative and holistic. There is no way
back to nature but there is a new concept of ecology emerged. The
milieu is co-designed by the agents that inhabit it.
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From today’s perspective, we differentiate between more species than
just humans and animals. Sensory perception of the environment
applies just as much to intelligent technologies equipped with
artificial sensorial systems and to the artificial intelligence agents.
Today, when the machines and technical systems are becoming
organic, how should we rethink human-machine relations? What if
the machines are no longer simply organized inorganic entities, but
rather intelligent systems? Architecture, as one of the principal agents
in modelling the interaction between bodies and space, must now
actualize this morphing relationship by dissolving the boundaries
between human and non-human systems. The interaction of these
heterogeneous systems becomes an ecology itself, which is based on
the concept of the organism.

Intelligent mechanical agents are no longer a mere mechanism in
the Cartesian sense, they take part in the milieu by playing the role
of perception organs (scanning and monitoring), organs of analysis
(based on calculation and existing data), and organs of synthesis
(constitution and manipulation of the synthetic landscape). A swarm
of machinic agents acts on site in a systematic way constantly
interacting with an organic form (landscape). The organic form does
not just give form as such, but also organizes matter conditioned by
a recursive algorithm, environmental conditions and crystallization
process, which computes material formation. Human agents become
inherent part of a Synthetic Landscape development (Figure 1)
through a complex system of relationships with organic and machinic
agents. In this research two different types of machinic agents are
employed to autonomously execute different tasks: aerial surveying
and aerial material deposition (Figure 2). Drones for aerial surveying
are small and lightweight, equipped with a camera which is used to
constantly scan/monitor the landscape. Agents for aerial material
deposition are larger and more powerful, equipped with a water
tank, an air compressor, and an air atomizing nozzle. The photos
taken by the aerial surveying agents are transferred to a computer
and used to extrapolate geo-referenced 3D point cloud data through
photogrammetry. Generative algorithms process the 3D point cloud
calculating the flow of water across the scanned environment.

2.1. DRONE ECOLOGIES
The project “Drone Ecologies” presented here proposes a spatial
learning system, which enhances human-landscape interaction
through machinic protocols. The project explores the behaviour of
self-organizing multi-agent organizations to simultaneously read
and decode a winter landscape, using snow and ice as construction
material. It aims at creating a temporal dynamic architecture
proposing new ways of reading, exploring and interacting with an
otherwise inaccessible landscape.
Figure 1:
“Drone Ecologies”. Synthetic
landscape formation. Project
by: M.Vinatzer. Supervisor:
Prof. C.Pasquero.
Co-supervisor: M.Kuptsova.
Synthetic Landscale lab,
IOUD, UIBK.
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Figure 2:
“Drone Ecologies”.
Aerial material deposition
strategy. Project by:
M.Vinatzer. Supervisor: Prof.
C.Pasquero.
Co-supervisor: M.Kuptsova.
Synthetic Landscale lab,
IOUD, UIBK.
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and human agents. The design process is now fully automatized
with data analysis, machine learning, material programming, biofabrication and smartification protocols. Such automatization is
aiming to be ecological and sustainable, which implies the realization
of a complex cybernetic systems. The landscape itself thus into turns
to be a constantly changing bio-synthetic ecosystem, where machinic,
biological and human agents are paired in their actions.

Figure 3:
“S. ALT [Crystallizations]”.
Simmulation of
crystallization process.
Project by: I Lien, Y.Liu,
Y.Kang. Faculty: Prof.
C.Pasquero, F.Nassetti,
T.Casucci, E.Zaroukas
Urban Morphogenesis Lab,
The Bartlett.

An aesthetical dimension is defined by this system of interactions
now taking place between biological, human and machinic agents.
In the context of architecture this dimension is closely related to
the cybernetic concept of autopoiesis, which in turn, relates to selforganization and self-creation in biological and social systems. There
is an important implication worth underlining here: “the architect
is no longer a designer of discrete objects, matter and space, but a
designer of systems with complex components and multi-layered
relationships” (Foerster, 1984).

These “Flowlines” are converted to “Waypoints” and transferred to
the drones employed for aerial material deposition. These agents
autonomously fly the trajectories. The air atomizing nozzle mounted
underneath the drone and pointing vertically towards the ground,
uses compressed air to break water down into fine droplets. As soon
as the finely atomized mixture of water and compressed air is sprayed
into the cold air, it freezes and builds snow crystals before touching
the ground (Figure 3 and 4). The drones fly every single trajectory
several times accumulating multiple layers of snow.
While drones employed for material deposition continue to
transform/recode the winter landscape creating more and more “Flow
paths”, drones employed for aerial (survelliance) constantly scan/
monitor the landscape. The whole process is repeated in a “positive
feedback loop” (Wiener, 1948). Being computer-controlled, drones
can execute most tasks autonomously, individually or in cooperation
with other human and non-human agents, biological and artificial.
Integrated navigation systems and sensors confer to drones a grain of
artificial intelligence, enabling them to sense and avoid obstacles and
navigate safely. “Drone ecologies” project investigates parametric and
generative methodologies of computational design to create dynamic
transformation processes of a landscape. The design catalogue
(Figure 1) illustrates the dynamic creation of “Flowlines” through
agents behaving like water drops flowing down a surface attracted by
gravitational force. Initially a set of 32 agents is employed to observe
the flow behaviour. Consequently, the study is repeated multiplying
the set of agents four and sixteen times. Further studies are made
to observe the transformation of the complete area over time using
different parameters for the generation of mathematical patterns.

This notion has stimulated the emergence of new fabrication
strategies and new design methods, suggesting that it is necessary to
think about not only design for humans, but about complex design
systems, which includes human, machinic and biological agents.
2.2 BIO RECLAIM
Within the conceptual framework discussed above, the project
“Bio ReClaim” (Irawan, Wong, Keyvan, Staples, Ibrahim, Bonila,
2016) aims to investigate the procedures of bio-design, exploring
the incorporation of bio-computation and biological/biochemical
processes into the morphological proposals for an urban space.
Figure 4:
“S. ALT [Crystallizations]”.
Simmulation of
crystallization process.
Project by: I Lien, Y.Liu,
Y.Kang. Faculty: Prof.
C.Pasquero, F.Nassetti,
T.Casucci, E.Zaroukas
Urban Morphogenesis Lab,
The Bartlett.

The design logic becomes an emergent property of a cybernetic
process or conversation. The mathematical landscape pattern is
formed as a result of organo-mechanical operations – an outcome of
collaborative design process between organic form, environmental
factors, material programming (crystallization), mechanical (drones)
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used the electro-accumulation of minerals in the restoration of
coral reefs and revitalisation of sea life (Hilbertz, 1979). BioReClaim
project bases its research on these experiments and aims to establish
an active urban application for the bio-material formation. A series
of investigational streams have been developed to provide a rigid
structure of the project, control the accumulation process and devise
a physical system which can be bio-computationally manipulated to
suit specific purpose. As in human bones, Biorock matter is a dynamic
system that is able to repair itself after functional failures.

Figure 5:
Bio ReClaim. Biorock
material formation. Project
by: L.Bonilla, A.Ibrahim,
J.Irawan, L.Keyvan,
R.Staples, C.Wong. Faculty:
C.Pasquero, C.Zappulla,
M.Kuptsova IaaC.
Figure 6 (bottom):
Bio ReClaim. Controlled
experiments with this
mineral content.
Project by: L.Bonilla,
A.Ibrahim, J.Irawan,
L.Keyvan, R.Staples, C.Wong.
Faculty: C.Pasquero,
C.Zappulla, M.Kuptsova
IaaC.

The project adopts the biorock material technology as a pretext for
investigating the capacities of biomaterial to construct a growing
system in order to transform potential brownfield urban domains
into healthy inhabitable landscapes.
The biological organism forms a physical system, that provides a
source of tangibility to the public, educating and quantifying the
direct extent of disturbance caused by polluting the environment. The
by-product is the harmonious cleansing of toxic chemicals from the
waters generating a source of energy and promoting the emergence
of aquatic organic life. In a previous experiments Wolf H. Hilbertz

A set of controlled experiments (Figure 6) with this mineral content
and bone substratum were conducted, carefully varying the control
parameters to produce the optimum growth suitable for full scale
urban recovery and activation. The first experiment was conducted to
verify whether it is possible to replicate similar results to Hilbert in
his early experiments. As second experiment investigated the resulte
structural properties with a matrix of varying amounts of calcium
and phosphate concentrations. The analysis of the effects in the
modulation of electric current in the rock’s growth patterns was the
aim of the third experiment. The fourth experiment dealt with briding
distance thresholds. The fifth and final experiment combined the
derivation in the formulation of bone structures acting upon different
stress stimulus. A simulation of the conversion of stress lines to
inform the configuration in the densification of Voronoi shapes were
executed to inform the final design of the structure.
By establishing a low voltage current between electrodes in seawater,
calcium carbonates, magnesium hydroxides, and hydrogen are
precipitated at the cathode (a positive charge), while the anode (a
negative charge) produces oxygen and chlorine. Experiments with
calcium and phosphates have demonstrated the feasibility of targeting
minerals polluting seawater to create the required mineralised
building material. Material properties, limits, and economies of
scale were also investigated in the controlled experiments. The
expertise developed in these experiments has pushed the project to
an immediate application of an accreted substance in specific areas
of Barcelona. Especially, with the Mediterranean climate, occurrences
of torrential rains will cause the breach of flood plains of riparian
corridors such as the Besos River. During these phenomenon, toxic
materials pass the threshold capacity contained within the water
body. The outlet for the accumulation of these materials through
the water path of the river to the Mediterranean Sea is through the
mouth of the river in Barcelona. At this location, the concentration of
pollutants are at their highest point. This provides an excellent basis
for a potential case study for a life scale prototype of this technology.
This apparatus, in its architectural actualisation has also a clear
educational value for the local communities. The level of accretion
and calcification of the minerals acts almost as an indicator of the
pollution levels within the water, which may trigger a mobilisation
within the communities to change their modes of behaviour towards
reducing the production of pollutants.
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drastically transformed by their trans-scalar exchanges with both
human and machinic systems, by capturing the effects of these
transformations in a catalogue of high-resolution mathematical
drawings. The drawings are capable of creating inter-objective
relations between different layers and ensembles, compressing time
and space. These depictions also systematize these ensembles in such
a way that they can be easily submitted to calculation. Each line is a
simulation describing bacterial, environmental and informational
exchanges. Each drawing becomes a decoded data-scape unfolding
the anthropogenic dimension of the Alpine region.

Figure 7:
Bio ReClaim. Final material
model.
Project by: L.Bonilla,
A.Ibrahim, J.Irawan,
L.Keyvan, R.Staples, C.Wong.
Faculty: C.Pasquero,
C.Zappulla, M.Kuptsova
IaaC.

Figure 8 (left):
“Synthetic landscape”
project. Mathematical
drawing Synthetic Landscale
lab, IOUD, UIBK. Course
Faculty: Dr. Marco Poletto,
M. Kuptsova, Chair:
Prof.C.Pasquero.

2.3 SYNTHETIC LANDSCAPE PROJECT
While engendering a new concept of ecology, our new understanding
of bio-computational intelligence also implies a change in human
nature. The postmodern concept of corporeality and physicality is
expanded and rethought, considering the symbiotic processes that
are now occurring across previously segregated realms. Among them
analog/digital, biological/technological, intimate/social, natural/
artificial processes.

Figure 9 (right): “Synthetic
landscape” project.
Mathematical drawing.
Synthetic Landscale lab,
IOUD, UIBK. Course
Faculty: Dr. Marco Poletto,
M. Kuptsova, Chair:
Prof.C.Pasquero.

The mathematical data-scapes become input for a bio-synthetic
design process. The “Synthethic Landscape” project proposes a 3d
printing technique deploying a proprietary bio-plastic material.
Data from the mathematical simulations becomes an input to
organic intelligence, material transformation and biotechnological
morphogenesis.
Data-Driven Material Modelling techniques vary the physical
properties of matter thus influencing biological prolifiration. In this
research the authors have experimented discontinuous data types
such as point cloud data, curve and graph data, image-based data
and volumetric data. Ultimately, all data sets consistently inform biomaterial deposition protocols. Material intelligence, bio-synthetic
programming and bio-digital fabrication are used to implement
synthetic design and fabrication processes that integrate material and
biological intelligence into (in)organic body with an aim to create a
bio-synthetic environment.

The procedural biotechnological expansion of human embodiment
brings it to a new round of hybridity, progressively absorbing the
ambience. The human body is perceived as a set of organo-machinical
processes, regulated via bacterial and informational exchanges with
the surrounding environment. Thus, the embodiment is reorganized
and dispersed within the boundaries of nature, technology and
environment, which become an immanent component of the body.
Consequently, (in)organic body turns to be an elastic material for
further transformations. Borders between the human body, the
architectural body and the territorial body are dissolved. All are now
described as an “assemblage” (Deleuze, 1980) of information rather
then a collage of separate entities. Design becomes a transcalar
instrument for reading and decoding these sets of data. In the words
of Gregory Bateson, our minds are now ecologically extended, and
the aesthetic dimension is “responsiveness to the pattern which
connects” (Bateson, 1972).
Within this conceptual framework the project “Synthetic landscape”,
developed over the course of two years at the Chair of Landscape
Architecture leaded by Prof. Claudia Pasquero at the University of
Innsbruck, is looking at alpine glaciers as architectures of climate
change. It aims to redescribe the territorial bodies, whose nature is
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CONCLUSIONS

Figure 11:
“Synthetic landscape”
project. Bioplastic
Biocomputational
Pattern. Course Faculty:
Dr. Marco Poletto,
M. Kuptsova, Chair:
Prof.C.Pasquero.
Synthetic Landscale lab,
IOUD, UIBK.

This paper traces a new horizon for the discipline of Landscape
Architecture by introducing the notion of Synthetic Landscape. This
notion encompasses urban, sub-urban as well as wild landscapes
and develops a design method that looks at “patterns of growth and
shrinkage that recall natural formations” (Pasquero, 2019) at very
different scales. With the implementation of bio-computational
intelligence in novel design protocols, synthetic landscape design
becomes a model of interaction between human, machinic and
biological agents and contributes to the dissolution of the conceptual
boundaries between these systems.
At the territorial scale, cybernetic design morphs natural and
artificial landscapes, proposing an emergent bio-machinic aesthetics.
From within this milieu the object of design cannot be limited to
assemblages of discrete parts with homogeneous properties, like
in modular systems, or to continuous gradient fields of material
articulation, as in parametricism. Rather it engenders biosynthetically programmed systems that are materially heterogeneous,
morphologically convoluted and functionally opportunistic.
The apparent beauty of these systems is a measure of their “biocomputational intelligence” (Pasquero, Poletto, 2019).
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ABSTRACT
In the light of climate change, cities are looking for new solutions
to make their urban systems more resilient. In this article, I develop
ten implications for a low carbon perspective on urban planning and
design by exploring two concepts: urban metabolism and circular
cities. I propose a vision of Circular Urban Systems (CUS) as a new
conceptual framework for urban planning and design to tackle the
question of how resources can be used more sustainably in urban
areas. The idea of CUS is inspired by the Greenhous Gas (GHG) debate
and incorporates looping actions at the level of urban systems as
a central parameter. CUS are characterised by an implementationoriented angle, a socio-technical innovation approach and a systems
integration position. The purpose of this article is to challenge
the current logic of urban development emphasizing on urban
metabolism and closed loops as a reaction to wicked environmental
problems. Most importantly, I aim to provide a contribution to bridge
the gap between conceptual debates and local realisation, which up
to this point is identified as a barrier. The findings provide guidance
for a new way of designing cities that responds to the impacts of
the Anthropocene highlighting the inclusion of bottom-up aspects,
the usefulness of inter- and transdisciplinary approaches and the
importance of local data, amongst others.
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Urbanisation and climate change are two of the major concerns
for city administrations today. Between 1950 and 2000, the global
population in urban areas grew from 30% to 50% and keeps on
growing strongly with a prediction of around 68% by 2050 (UN
DESA, 2018). Cities became the focal points of development in the
context of ‘The Great Acceleration’, which summarises the increased
human impacts on the earth after the Second World War. This
includes a number of socioeconomic and earth system parameters
that all accelerated at unprecedented rates (See Fig. 1). Examples are
total real GDP, damming of rivers, water usage, food production,
motor vehicles, greenhouse gases, and surface temperature. The
consumption of Petroleum has grown by a factor of 3,5 and the
number of motorised vehicles skyrocketed from about 40 million
in 1945 to nearly 700 million by 1996 (Steffen et al., 2007). At the
same time, environmental degradation and the increase of extreme
weather events have become key challenges that impact ecosystems,
economies and communities around the world (Trenberth et al., 2015;
IPCC, 2018; Lehmann et al., 2018). There are new record highs of
Greenhouse Gas (GHG) concentrations in the atmosphere and there
has been a 41% increase in the radiative forcing of the long-lived GHG
from 1990 to 2017. Of the five most important GHG, CO2 (Carbon
Dioxide) is by far the largest contributor to direct warming. Alongside
with N2O (Methane), it is the only one that continues to increase at
regular rates over decades (Butler/Montzka, 2018). In other words, the
Earth’s energy budget is significantly out of balance. The escalation of
human’s effects on the global environment has led to the proposition
of the Anthropocene as a new geological epoch (Crutzen/Stoermer,
2000; Crutzen, 2002). This now widely accepted suggestion2 indicates
that since the mid 20th century, substantial and globally synchronous
changes to the Earth System were observed that have been significant
enough for the global climate to depart from natural behaviour
(Zalasiewicz et al., 2017). Depending on whether a consumption- or
a production-based attribution is used, cities consume up to 80%
of the total global energy production and account for 71 to 76%
of the world’s CO2 emissions (Satterthwaite, 2008; Hoornweg et
al., 2011; Marcotullio et al., 2013). Urban form, infrastructure and
supply systems significantly affect direct (operational) and indirect
(embedded) GHG emissions and are strongly linked to the throughput
of materials and energy, waste generation, and system efficiencies of
a city (Seto et al., 2014). Accordingly, cities and their systems play a
key role in the sustainability challenge and in affecting the pathway
towards limiting the increase of the global average temperature to 1.5
degrees compared to preindustrial levels3.
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Figure 1:
The Great
Acceleration, adapted from
International GeosphereBiosphere Programme, 2015.

In summary, I argue that cities are both contributing significantly
to climate change and are highly vulnerable to the environmental
impacts caused by increased amounts of GHG emissions in the
atmosphere. For example, urban climate phenomena such as heat
islands or air pollution are strongly related to the built environment
and its technologies (Rösler/Kobi, 2018). Out of this logic, the intrinsic
link between the nature of urban resource flows and the production
of urban space (Flander, 2017) needs to be taken into account when
addressing climate change.
Thus, I reason that the way resources are used, for example the largescale combustion of coal, oil and gas (see Fig. 2) is linked to how
cities are designed. This opens up the following questions: how can
resources be used more sustainably in urban areas? And what are the
implications for low carbon design approaches?
In this article, I assert that urban planning and design have a critical
role to play in the global response to climate change because as
noted by Lehmann, the fundamental principles of how to shape our
cities are barely featured in the GHG debate (Lehmann, 2008). Thus,
I believe that actions that simultaneously reduce GHG emissions
and build resilience to climate risks should be prioritised at all
urban scales – metropolitan region, city, district/neighbourhood,
block, and building. Further, I claim that specific attention should
be given to operational aspects and the integration of urban systems
including energy, water, and building materials, amongst others.
For example, the connection between water and energy in cities is
poorly investigated (Kenway et al., 2011). The topics energy, water, and
building materials together have by far the largest environmental
footprint and can therefore be associated with the urban primary
energy consumption, which causes up to 69% of the CO2 emissions
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Figure 2:
Global Primary Energy
Consumption, Source: Smil
2017 & BP Statistical World
Energy Review.

in the European Union, 80% in the United States, and even 86% in
China (Seto et al., 2014). These figures confirm the importance of my
focus on urban resource management. To get a better understanding
about the multi-facetted relationships between climate change and
urbanisation, I will firstly consult the existing literature regarding
theoretical standpoints.
Then, I will critically review the concepts of urban metabolism and
circular cities using criteria that are related to the GHG debate.
Secondly, based on the literature review, I will formulate ten
implications for a low carbon urban planning and design perspective
and briefly discuss them. Finally, the outlook section develops a vision
of Circular Urban Systems (CUS) taking into consideration the ten
implications before ending with concluding remarks.
METHODOLOGICAL IMPLICATIONS
By focusing on urban systems, I take an implementation-oriented
perspective that considers the meso scale – between the conceptual
macro scale discussion and micro-scale interventions, which
addresses a gap in the literature (Pomponi/Moncaster, 2017).
Methodologically, I will be critically examining two relevant
approaches to urban resource management (urban metabolism and
circular cities) and consequently, I will draw conclusions for a new
integrative conceptual framework. My aim is to build on existing
approaches and to address their shortcomings with a new concept for
urban planning and design that is strongly focused on the inclusion
of climate change as a key design parameter. The main contribution
to the existing literature consists of providing a perspective from
an implementation angle, which to this point is largely ignored
(Prendeville et al., 2018).
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In order to systematise the analysis, I chose three criteria that relate
to the key categories of energy, water, and construction materials.
The criteria are strategies used by urban planners and designers to
facilitate integrated climate mitigation and adaptation in cities.4
1) ‘Efficiency of urban systems’ addresses infrastructure systems
including buildings, transportation and industry where potentials lie
in reducing urban waste heat and GHG emissions. 2) ‘Vegetative cover
in a city’ refers to urban green spaces that are critical for increasing
the moisture level in the atmosphere to lower outdoor temperatures,
building cooling demand, runoff, and pollution, while sequestering
carbon. 3) ‘Managing heat exchange at the surface’ refers to the
selection of construction materials and reflective coatings that can
improve the building performance. The use of systematic criteria
that are informed by the GHG debate, allows for an evaluation of the
two concepts urban metabolism and circular cities regarding the
usefulness for an urban planning and design approach (See Table 1).

Category

Criteria

Urban Metabolism

Circular Cities

Energy

Efficiency of urban
systems

High relevance

High relevance

Water

Vegetative cover in a
city

Low relevance

Medium relevance

Construction
Materials

Managing heat
exchange at the surface

Low relevance

Medium relevance

Table 1:
Evaluating the
relevance for a climate
change informed approach
to urban planning and
design.

CRITICAL ASSESSMENT OF EXISTING LITERATURE
Climate change agendas have been recognised as significant drivers
of change for urban areas while requiring substantial shifts in
planning, designing, operating and using cities (Pinnegar, et al.,
2008). According to Swyngedouw, the concepts of metabolism and
circulation firstly give an understanding about the complexity of cities
and secondly can explain the requirements of a just and sustainable
transformation process. He suggests examining the complexity of
cities including the interwoven socio-ecological processes through the
lens of metabolism.
This includes the physical, discursive, cultural, material, and
organic flows that are moving in and out of the city. Accordingly, the
metabolism of cities brings together the physical dynamics and the
social regulatory conditions that continuously transform and produce
the urban as socio-ecological landscape. Furthermore, a sustainable
urbanisation is only possible if the transformation includes
circulation in the sense that nature is viewed as a political process
and is combined with an empowering urban development in order to
return the city and its environment to the citizens.5
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In that view, natural resources are equipped with a strong agency and
environmental change is framed as fundamentally interconnected
with urban change (Swyngedouw, 2006). I argue that metabolism
and circulation are useful starting points in the endeavour to define
a conceptual framework that is based on the GHG debate because
focusing on materials and substances and the corresponding
actor-networks is intrinsically linked to the sustainability of a city
(Brunner, 2007). Accordingly, for the metabolism metaphor, the urban
metabolism concept will be further investigated as both an analytical
and theoretical framework. And in place of circulation, the emerging
circular cities concept will be reviewed.
URBAN METABOLISM
The concept of urban metabolism (UM) has re-emerged after being
overlooked for many years, yet there is no consensus in the literature
on the foundations of the concept. The most cited definition is
provided by Kennedy. He defines UM as the “sum of the technical
and socio-economic processes that occur within the cities, resulting
in growth, production of energy, and elimination of waste” (Kennedy
et al., 2007, pp. 44). The application of UM is dominant in the field of
industrial ecology but being an inter- and transdisciplinary concept,
it has extended to political ecology, urban geography, and urban
planning, amongst other fields (Lin et al., 2012).
Under the concept of UM, quantitative approaches to urban resource
flows assessment have emerged, especially regarding resource
consumption and waste generation. This has inspired ideas about
designing sustainable cities with the challenge being to transform
cities’ metabolisms from linear to circular (Castan Broto et al.,
2012; Zhang, 2013). At the core of UM studies are several methods
to quantify resource flows using local data: accounting approaches,
input-output analysis, ecological footprint analysis, life cycle analysis
and simulation methods. But there is no consensus on which of these
assessment tools is best used to analyse the sustainability of cities’
complex systems (Musango et al., 2017). In my view, the application of
UM methods allows for the identification of leverage points regarding
resource-efficiency interventions but practical implementation in
urban design and planning is limited. Various authors have identified
the potential of UM in urban planning (Kennedy et al., 2011;
Hoornweg et al., 2012).
However, the actual utilisation of UM assessment methods in city
planning processes is limited for the following reasons: 1) results
are not well translated or detailed enough for urban planners and
decision makers (Beloin-Saint-Pierre et al., 2016), 2) metabolism
studies overlook or exclude the impact of urban policies on resources
(Zhang et al., 2015), and 3) there is a lack of standardisation of
methods and minimal guidelines for how to shape a sustainable UM
(Musango et al., 2017).
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CIRCULAR CITIES
Initially proposed as an approach to improve product design and to
promote new business models through effective resource use, the
definition of Circular Economy (CE) has undergone a transformation
towards system thinking addressing complex socio-technical systems
(Kirchherr et al., 2017). Confirming this trend, others argue that
CE is about a fundamental system change that should emphasize
societal production and consumption systems (Korhonen et al.,
2018). CE as an approach to urban resource management – referred
to as circular cities – is gaining momentum but various authors have
identified shortcomings of this concept. For example, the unclarity of
what constitutes a circular city or the lack of citizen and community
engagement (Prendeville et al., 2018).
One of the most urgent research gaps is the question whether the
implementation of CE principles at urban scale actually contributes to
a sustainable society (Geissdörfer et al., 2017; Petit-Boix/Leipold, 2018).
However, municipalities have started to adopt the concept of CE as an
opportunity for resource efficiency – combining both sustainability
and economic ambitions. Additionally, several frameworks were
developed that give guidance for implementation (e.g. RESOLVE
framework by the Ellen MacArthur Foundation, the Circular City
approach by Williams, 2019).
According to an overview developed by Petit-Boix/Leipold that
indicates 21 different local strategies that are implemented by 83
municipalities under the umbrella of CE, it becomes clear that the
efficiency of urban systems is predominantly addressed. Specific
priority is given to efficient waste management infrastructure and
energy production, recovery and efficiency.
Green construction and materials are also a high priority while urban
planning including climate-friendly districts is less of a priority. The
authors note that it is a very complex task for cities to evaluate which
combination of CE initiatives will help to achieve environmental
sustainability goals (Petit-Boix/Leipold, 2018). By defining generic
principles in an attempt to propose a circular city approach,
Williams puts emphasis on three circular actions: looping, adapt and
regeneration. Those cover a wide range of topics including closed-loop
systems and sustainable urban landcover but focus less explicitly
on sustainable construction materials (Williams, 2019). Thus, while
the circular cities concept addresses territorial aspects that might be
more closely associated with urban planning and design, it still lacks
an integrated implementation perspective.
DISCUSSION: TOWARDS A NEW CONCEPTUAL FRAMEWORK
The critical assessment of the two concepts urban metabolism and
circular cities give useful insights for a new conceptual framework
that incorporates the analytical strength of the former and the

RESPONSIVE CITIES_DESIGN & BUILD

78

normative advantages of the latter. Altogether, I identified ten
implications that are relevant for a proposition of an urban planning
and design framework, which is strongly driven by a climate change
perspective:
•

Creating a strong definition. Both analysed concepts struggle with
a consensus on their definition despite their partly long-standing
research history.

•

Developing a more useful urban planning perspective. While urban
metabolism studies fail to provide accurate translation of the
results and insufficient guidelines for how to shape a sustainable
UM, the circular cities concept includes territorial components but
stays generic in its recommendations.

•

Demonstrating positive impacts on the environmental
performance of the city. This key entailment implies the
development of effective monitoring mechanisms to actually
demonstrate that proposed actions contribute to the
environmental sustainability of urban areas.

•

Integrating the bottom-up dimension. Citizen and community
engagement are largely absent in the circular cities concept,
whereas the inclusion of the bottom-up level could result in the
access to data that is otherwise restricted or could generate relevant
socio-economic data.

•

Developing a holistic framework. Both concepts have developed
an inter-disciplinary approach, however it is crucial to avoid silo
thinking and to also focus on co-benefits by integrating different
domains, which seems to be largely ignored.

•

Using existing tools. UM studies have developed a wide range of
quantitative approaches to urban resource flows assessment that
might be useful to adapt.

•

Local data is key. Cities are complex entities with varying local
parameters and most likely inconsistencies in data; thus, a flexible
approach needs to be developed that takes into account variations
in local data provision.

•

Keeping close connection to policy development. This accounts for
both analysing the state of the art of cities and their systems as well
as for the development of results.

•

Creating an openness towards future-oriented transition thinking.
The aim of both concepts is to turn cities into sustainable circular
systems, which will require a significant transformation in
behaviours, planning strategies and the use of cities.

•

Focusing on implementation-oriented guidelines. The production
of clearly structured handbooks and toolkits as well as empirical
materials are helpful for an urban planning and design perspective.
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OUTLOOK: CIRCULAR URBAN SYSTEMS
I argue that from a transition perspective, a tangible starting point
for a climate change informed urban planning and design framework
are the city’s urban systems. This addresses the largely ignored meso
scale – between the conceptual macro scale at city level and micro
scale interventions, which are particularly focused on materials and
building components (Pomponi and Moncaster, 2017). Further, I claim
that the notion of circularity including the principle ‘regenerative by
design’ is unavoidable for low carbon developments. Thus, Circular
Urban Systems (CUS) provide an implementation-oriented urban
planning and design perspective that focuses on the circulation and
integration of systems (e.g. water, energy, waste, social, regulatory)
rather than on generic principles.
Central to CUS is the creation of symbiotic local capital that contains
natural, social, financial, human and physical flows, which are
interdependent and self-reinforcing (Curtis, 2003). Taking this
argument into consideration, I develop a vision how CUS could
operate as vehicles for low carbon developments. I propose that in a
first step, UM methods are borrowed to analyse, model and prioritise
relevant resource flows based on the availability of local data. Then,
local configurations are evaluated by both bottom-up and topdown processes incorporating diverse stakeholders and disciplines.
Solutions are chosen and implemented with a priority for the highest
possible environmental impact. Through co-benefits and an openness
to a holistic framework, innovation and unexpected results become
possible. Standardised processes and parameters are used to ensure
scalability and to provide monitoring tools for implemented actions.
Finally, guidance for planners and policy makers is provided to
guarantee capacity building and a potential replicability of the results.
Possible barriers such as the physical or spatial preconditions, the
lack of data as well as the absence of a supra-local vision are taken
into account. Of course, further substantiation and detailing is
required to fully develop the CUS concept taking into consideration
the proposed implications.
CONCLUSION
In this paper, I have come closer to defining a new conceptual
framework for urban planning and design with climate change
mitigation and adaptation measures at its core. Through an analysis
of two relevant concepts (urban metabolism and circular cities), ten
implications were derived that are useful for giving an outlook on
a new logic of urban planning and design in the context of wicked
global environmental problems. I conclude with a brief delineation of
Circular Urban Systems, a concept that has the potential to serve as a
vehicle for low carbon urban developments.
In my view, there is an urgent need to integrate climate change
parameters in urban planning and design practice since decisions on
these levels have far-reaching consequences for the sustainability of
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cities. Perhaps, the most significant finding of this paper is the lack
of usefulness of the concepts urban metabolism and circular cities
for urban planning and design processes. It is surprising that despite
having an explicit focus on the urban sphere, both concepts have
remarkable weaknesses to give useful guidance for urban planning
and design. Arguably, this is also reflected by the evaluation of the
outlined criteria in Table 1. The more spatial planning topics are
under scrutiny (vegetative cover in a city, managing heat exchange at
the surface), the less relevant seem both concepts. Thus, I argue for
the development of a new concept that makes use of the combination
of the quantitative analytical approach of urban metabolism and the
qualitative normative approach of circular cities. Most importantly,
this concept should bridge the gap between conceptual debates and
local realisation and provide an implementation-oriented perspective.
I propose that further research should address the relationship
between cities and climate change, specifically the capacity of urban
planning and design to address the environmental sustainability
of urban areas. To advance the CUS concept, useful dimensions of
research could be the social construction of CUS, the requirements
and dynamics regarding the transformation of space and the
engagement with innovation conditions or the development of
indicators for CUS to ensure broad use and replicability.
END NOTES
[1] Radiative forcing is a direct measure of the energy balance of the
Earth and includes all forces that are cooling or warming the planet.
[2] For a detailed account, see Smith/Zeder, 2013.
[3] As stated in the Paris Agreement that was signed by 174 states and
the European Union in 2015.
[4] The development of these criteria was inspired by Rosenzweig et
al., 2015.
[5] This is comparable with the strong concept of sustainability, which
assumes that there are certain functions of the environment that
cannot be substituted by human made capital. Thus, economic and
environmental capital is complementary, but not interchangeable.
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JAZZ URBANISM

behavioural pattern, akin to the musical instrument reference, those
hidden relations can be translated into observable behaviours, which
would correspond to “performing” within the virtual space. Some
results of this research are presented and discussed, and future
investigation directions are explored.

Employing Jazz-inspired urban filters
in conjunction with Machine Learning
techniques to reveal potential
intricate city patterns
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1. INTRODUCTION
Artificial Intelligence (AI) is rapidly becoming the new hot topic in
many fields, reaching even realms that were until recently considered
“safe” from its direct influence, such as the creative and conceptual
jobs of designers, architects, and urban planners. Using Machine
Learning (ML) techniques based on Deep Reinforced Learning (DRL),
tools that can automatically analyse, classify or even create new forms
and spatial layouts have emerged, and we are just at the very dawn of
a new paradigm shift in architectural and urban design.
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ABSTRACT
The research proposed in this paper investigates the prospective
usage of methods inspired by the jazz logic of improvisation used
in conjunction with the latest Machine Learning (ML) techniques to
potentially reveal hidden, non-linear patterns within the complex
urban systems. New mediums and technologies such as Virtual
Reality Environments (VREs) and Game Engines (GEs) provide the
ideal cradle for exploration and integration of these jazz-inspired,
artificial intelligence-driven approaches. By combining the
designers’ particular sensitivities and intuitions with the ability of
deep learning systems to react to the intricate informational layers
resulting from the processing and learning stages, a hybrid system
of human-computer collaboration is introduced. Similar to musical
instruments, each endowed with the capacity to play within a subset
of sound frequencies and ranges, the current investigation proposes
hybrid virtual morphological entities that, in response to different
filters chosen by the designers, can identify hidden, complex relations
within the input data, relations that are not apparent to the human
mind. By creating perturbations within different systems of machine
learning-driven agents, each with a specific and unique trained

RESPONSIVE CITIES_DESIGN & BUILD

86

However, more important than the fear that machines will match,
eventually surpass and replace us as designers, we should look
into ways of collaborating with the AIs and proving that such a
hybrid approach can yield far superior results than either humans
or machines working independently of each other would. Paul
Tudor Jones nicely phrases this aspiration: “No man is better than a
machine, and no machine is better than a man with a machine.” This
hybrid human-machine modus operandi, borrowing its fundamentals
from the Cyborg philosophy (Clark, 2003), forms the base of the new
paradigm of Extended Intelligence (EI).
The collaborative process involved in Jazz improvisation, where a
so-called “Fantastic Harmony” is continuously sought by the band
performers which constantly alter leadership roles as to infuse novelty
and creativity or play together as to reinforce the base, underlying
harmonic structure, perfectly illustrates this principle and it is one
of the core ideas of this paper’s exploration. Imagine an AI joining
this fanciful Jazz band, first trying to grasp the essence and not the
process of improvisation, learning by imitating the other players while
also developing its own, novel strategies and tactics to help in the end
the entire band get closer and closer to their shared goal of reaching
the fantastic harmonic state (Figure 1).
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rhythms, proposes a way to investigate phenomena that occur in
this multiple-tempo states (politemplia). This method of hierarchical
structuring of pulsations, seen as events occurrences, will be
inspirational for this paper as a means to analyse and potentially
identify relevant urban temporal and rhythmical patterns.

Figure 1:
Jazz Improvisation
Structural Schematic build
on the Melodic Backbone.

While all the methods presented above use pure human intuition or
deterministic methods of approaching the architectural and urban
design and analysis problem, the recent advancements in Machine
Learning techniques, specifically the development of Reinforced
Deep Learning methods (Richard Sutton, 2017) open a new way to
tackle the problem of identifying complex, relevant harmonic or
dissonant structures within the urban tissue. Game Engines allow
the immersive exploration of interactive virtual environments
and have recently begun incorporating ML libraries such as Unity
ML-Agents (Juliani, et al., 2018) that allow training of complex DL
networks supporting both vector and visual observations that in turn
drive reward-based agent actions. By combining the power of DL to
potentially recognise intricate patterns that may not seem evident
to the human mind, using designer mitigated filtered inputs and by
finding ways to convey those findings in a human-readable form, the
current work aims to explore a potentially new approach in probing
the complexity of the city.

1.1 RESEARCH BACKGROUND
According to French philosopher Henri Lefebvre, everyday life in the
city should be understood in terms of rhythms. Jazz, too, is made
up of rhythms forever mutating and changing against a background
condition. Looking at ways in which Jazz Improvisation can be
relevant to architectural and urban design, similarities between
rhythms of architectural forms or spaces and the improvisational
jazz logic have been identified (Heathcott, 2007). The approach that
attempts a dialectic pairing of examples from the jazz world and the
architectural one is unfortunately not useful as an urban analytic
tool, as shown by (Panabaker, 2007). In (Riad, 2009), an attempt
to use music, including Jazz, as a way to visualise architectonic
spaces via a musical deconstruction and reconstruction processes
is investigated, highlighting five ways in which architects have
been using music in their design approach. Taking, for example,
Le Corbusier collaboration with Iannis Xenakis, he shows how the
relationship between architecture and music has been used as a
mathematical bijective function, enabling a two-way understanding
of space and sound. Another approach that assimilates Jazz to a
form of deconstructivist process, or even a disassembly logic is
explored by (Kelley & Blankenbaker, 2012), where the decomposition
of structure and in extenso, of harmonies, yields a back-traceable
process of continuous distortion. In (Ham, et al., 2016), jazz musical
improvisation is used to drive parametric spatial designs in
architecture, looking at the potential of music and design to be intertranslatable, but also highlights the information blur (or loss) that
occurs during this conversion process. (Brediceanu, 2002), postulating
that events, including urban ones, unfold at different tempos and
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2. METHODOLOGY
2.1 RESEARCH MOTIVATION
As cities grow exponentially in size and complexity, new AI-driven
methods for urban analysis and development based on advanced
simulations are needed. Questions about urban identity and city
landmarks are often superseded by more acute and more pragmatic
social-driven factors that take us further and further away from the
utopian, top-down urban visions of Cerdà or Baron Haussmann, as
our human comprehension and inherent limitations become more
and more apparent.
But this is also the perfect opportunity to look into our own anthropic
and natural neighbourhoods, to find innovative approaches that,
when combined with the computational power of the latest DL
systems, can output innovative and meaningful results.
Departing from the above statements, this research proposes to
investigate how the latest advances in ML can be understood and used
by designers in conjunction with another fertile field that has grown
exponentially in recent years, as it became democratised: Gaming
Technologies (GT). The need for sophisticated, photo-realistic,
real-time graphics, physics-based and interactive applications
found a perfect answer in these new game engines that empower
and accelerate the iterative processes associated with conceptual
architectural or urban design. Figure 2 shows a schematic view of the
proposed process and its main constituents.
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Figure 2 (previous page):
Schematic Process Overview
(top) and city footage used
to train the DL system
(bottom).

2.2 CIRCULAR DESIGN FEEDBACK LOOP
Custom-designed, dynamic filters were created via C# coding and
used by each virtual jazz instrument to isolate specific data based on
the sensitivities of the designers, which encompassed their intuition.
Similar to a convolution layer, which extracts different features using
multiple kernels, this time, the designers were those defining those
convolution steps, as shown in Figure 3.
Each virtual jazz instrument was defined by a “rational” behaviour
logic (also trained via Deep Learning) and one or more geometric
elements that interacted or affected each other (Figure 4). These
complex interactions created the “background” on which the
more intricate patterns detected by AI were revealed, as visually
recognizable perturbances, glitches, or otherwise extraordinary
behaviour fed as visual (video) observations during training.

Figure 3:
Human Input –
Filters based on designer’s
subjective and empathic
sensitivities.

Each virtual instrument has been trained using the same city video
inputs; however each one receives only the information that the user
allowed to pass the custom-designed filters. In this way, different
aspects of the same input material are being explored by each
instrument, similar to how this happens in jazz, as a combination of
the performer’s sensibilities expressed through the registers of his
instrument. For every virtual instrument, the behaviour it exhibits
is driven by the multi-agent system, where all agents share the same
“brain”, meaning same neural network trained using RDL. While their
behavioural actions are usually controlled by the “rational”, rewardgiveing side of their brains, because of the additional informational
input of visual observations (the urban video scenes), at relevant
moments in time, the actions directed by the brain glitch, or exhibit
RESPONSIVE CITIES_DESIGN & BUILD
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3. RESULTS
By exploring different multi-agents training strategies and defining
the way that agents take actions in response to their environment
states that they can observe in such manners as to maximise
the rewards, designers were able to create intelligent entities.
These entities can not only explore and learn from their urban
environments via custom-designed filters but also produce new
urban or architectural readings that relate and connect with their
context. Inspired by jazz band performances, different strategies
of collaboration or competition between the agents have produced
different outcomes (Figure 6).

Figure 4:
Different Types of
behaviours (left) and base
elements (right) used to
describe each “instrument”.

unexpected behaviour. It is precisely these glitches that are expressing
the fact that the brain found something relevant enough to prompt
this change. The most difficult part is getting relevant, usable results
from using the proposed method.
For this, a system that marks the occurrence of these glitches for
each instrument and then combines them using the hyper-harmonic
method of M. Brediceanu is being used. Figure 5 shows the harmonic
composition of two virtual instruments running on a new video feed
of a city, and the dark dots represent the relevant, super-harmonic
superposition deemed relevant to the urban analysys.

Figure 5:
Hyper-Harmonic Polytempo
system used to compose
the observed behavioural
anomalies (glitches) of two
virtual urban instruments,
by composing them into a
complex high-level structure.

The workshop proposed to its participants a computational design
journey having the latest Machine Learning approaches at its core
and using Game Engines as a front-end (the engine of choice was
Unity 3D), and a powerful AI backend (TensorFlow). By using Unity’s
recently developed powerful Machine Learning toolkit (Unity MLAgents) participants trained intelligent agents that could sense
and interact with their environments and apply this in the wider
context of architectural and urban design. Agents were trained using
reinforcement learning, via state-of-the-art algorithms (based on
TensorFlow) in various filter and aggregation simulation scenarios
and benefiting from the advantage of being able to directly create
such real-time learning environments inside Unity 2018.4.
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Figure 6:
Jazz Urban VR Improvisation
Session featuring four
different Virtual Jazz
Instruments exhibiting
various base behaviour.
When behavioural glitches
occur, especially across
multiple instruments,
relevant urban data is
considered to be found.
So while very abstract,
the virtual Urban Jazz
instruments can deliver
useful information in reallife urban scenarios after
training.

All instruments share the same input but respond differently to
using various filters, as shown in Figure 7. The instrument shown
in this image has been created as a Virtual Reality experience to
help the designer better visualise the local perturbations expressed
by the virtual instrument, thus enabling a more refined readout
of the “performance” of that instrument. While the system can
automatically detect the hyper-harmonic structures of multiple
instruments, the way this information is interpreted and translated
back into urban-relevant data once again appeals to the designer’s
experience in identifying the now highlighted possible translations.
Different trained behaviours, as illustrated in Figure 8, where a
linear motion logic is shown, or in Figure 9, where a circular logic is
employed yield different sensibilities, and relevant glitches occur and
are observable in unique ways. This fine-tuning is similar to musical
instruments, where different mechanical arrangements generate
sounds fitting different registers.
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Figure 7
(top previous page):
VR Snapshots of one Virtual
Jazz Instrument and the
way different filters (lowerleft corner of each frame)
showcasing different
behaviours based on live
filter inputs.
Figure 8
(center previous page):
Game Engine snapshots
showcasing a Virtual Jazz
Instrument developed on a
linear motion logic.
Figure 9
(bottom previous page):
Game Engine snapshots
showcasing a Virtual Jazz
Instrument developed on a
circular motion logic.

Figure 10:
Images taken during
the DigitalFUTURES 2019 AI
design workshop showing
the master and phd level
students developing in
teams the virtual Urban Jazz
instruments using Unity
Engine and ML-Agents.
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When combined, they provide a richer exploration of the soundscape, and the same principle applies to the virtual Jazz instruments
working together to highlight potentially relevant aspects of the
urban context they analyse. Via a two-way bridge from Unity to the
TensorFlow machine learning tool, complex urban and architectural
dynamic systems were created by the participants (Figure 10) and
driven by the trained agents. Finally, videos and a VR experience were
produced as the workshop results for the exhibition (Figure 11).
4. CONCLUSIONS
This paper investigates a new approach to using concepts borrowed
from Jazz Improvisation and, by using them in combination with the
latest technological solutions in the fields of artificial intelligence,
game engines, and virtual reality, providing a possible new way of
investigating the complex layers of cities and detecting potentially
relevant information to be further explored.

While this first step is just a conceptual investigation, materialised
in a workshop session where students developed in groups different
virtual jazz instruments that responded behaviorally to customdesigned filters, it represents a first step towards a new type of
collaboration between designers and artificial intelligence.
Human sensibility and creativity of designers, like that of jazz
performers, combines with the pattern and informational sensitivity
exhibited by AI-driven agents, expressed via the Virtual Jazz
Instruments, and together this opens up new directions for future
research, within the paradigm of Extended Intelligence.
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4. 1 LIMITATIONS AND CHALLENGES
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4. 2 FUTURE DIRECTIONS
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back into visually perceivable triggers that humans can observe and
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research. As DeepLearning systems evolve, we can expect them to
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its harmonic repertoire and the individual and collective sensitivities.
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1. INTRODUCTION

Developing an agent-based design
methodology in pursuit of urban
biophilia

This call asks designers to respond to the influx of residents in urban
areas, citing the challenges that will come with meeting the needs
of these growing populations. This provocation offers a moment to
evaluate what is considered when thinking of the needs of urbanites.
This call offers the examples of housing, energy, food and water,
and transportation, however this only considers the human species
occupying the city.

J. Cameron Parkin

The research outlined in this paper was undertaken with the hope
that, by designing for non-human species, rapidly (and sometimes
violently) growing cities can be made more accommodating for the
animals that occupy them, as well as create greenspace that is a
valuable resource to human residents.

University of Waterloo
jcparkin@uwaterloo.ca
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ABSTRACT
This paper discusses the development of a methodology for
computationally sensing, illustrating, and utilizing avian-focused
patch networks to locate and inform ecological interventions in dense
urban settings. The goal of this methodology is to empower designers
to strengthen habitat networks that are currently invisible in the
city to extend the range of regional avian ecosystems, promoting
beneficial urbanite-fauna interaction, often referred to as biophilia.
This research is provoked by populations moving to urban centres,
where literature tell us that there is a need for people to have access
to thriving, biodiverse green space to foster mental health and
environmental responsibility. At the same time, experts in landscape
architecture and urbanism critique existing approaches to providing
green space in cities, calling for more dynamic and complex strategies
in urban ecology. As a response, this work explores computational
methods of modelling networks and habitats in the pursuit of a
design methodology that thrives amidst the complexity and dynamic
nature of urban and ecological systems. The resulting body of work
involves simulating two dimensional and three-dimensional agent
movement within patch networks, populating these networks with
bird sighting data, and using this information to locate and inform a
variety of intervention typologies.
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In order to better understand greenspace as an urban resource, it
needs to be unpacked. Greenspace can offer a multitude of functions,
such as recreation, ornament, or social gathering space. Greenspace
can also act as a site to experience natural processes and interact with
regional species. Research in environmental psychology has found
exposure to biodiverse greenspace to be positively related to human
well-being (Cervinka, Röderer & Hefler, 2012) and environmental
responsibility (Fuller et al., 2007).
This being said, in more densely populated urban areas, less
biodiverse greenspace and more ornamental lawns are often found
(Hough, 1995). This has led designers to call for more “biophilic”
urban cores, referring to the beneficial presence of lush and thriving
flora and fauna. Embedded in this goal however, there is innate
need to be able to understand and manipulate interrelated urban
and ecological systems. The resulting need for complex, dynamic,
and adaptable design approaches is expressed by ecologists Cristina
Ramalho and Richard Hobbs (2012) and Architect Emma Flyn (2016).
Fortunately, through the adaptation and development of
computational tools in the field, architects and allied designers are
beginning to represent and manipulate complex field conditions,
flows, and agent-based systems. Examples of this include David
Gerber Rodrigo and Shiordia López’s Context-Aware Multi-Agent
Systems (2014), and Joseph Claghorn’s Agent-Based Models to Reveal
Underlying Landscape Structure (2018), both of which demonstrate
flows of agents across landscapes to generate better understandings
of complex systems.
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In addition to this emerging field, this research draws heavily on
the field of landscape ecology to investigate how a series of urban
greenspaces can become biophilic hotspots that can support
species that would normally require larger habitats. This led to the
adaptation of habitat as patch networks, originally developed by
Landscape Ecologists, Wenche Dramstad, James Olson, and Richard
Forman (1996). In recent years, researchers in landscape ecology have
developed a large body of work where multiple sophisticated methods
of measuring landscape connectivity and species dispersal have been
developed. This field contains a great depth of technical reports,
however, through a review of studies, this research builds on four
main principles, including: The use of graph structures to evaluate
habitat connectivity (Urban & Keitt, 2001), The ability to sense habitat
elements from aerial imagery including ecotones, barriers, and
stepping stones (Hou, Meubert & Walz, 2017), the use of land cover
data to measure resistance and calculate a “least cost path” between
patches (Yu et al. 2015), and the importance of threshold distances
in evaluating species ability to move between patches (Yu et al.,
2015). This work draws on these habitat network principles to create
a methodology capable of revealing the complex habitat networks in
urban centers and allowing designers to leverage them in pursuit of a
biophilic urban core.
The methodology discussed here has been carried out in two parts,
both in the rapidly densifying waterfront core in Toronto. The first
part deals with larger zones of urban fabric in two dimensions to
simulate patch networks, suggest interventions, and sort sighting
data. The second part explores how these interventions affect bird
movement in three-dimensional fabric and begins to test how these
network tools may influence intervention design.
2. METHOD I – AGENT BASED TWO-DIMENSIONAL NETWORK TOOL
The first method looks at Toronto’s downtown waterfront in two
dimensions to sense habitat and simulate an emergent, agent-based
habitat network. To improve the networks illustrated, a strategy of
four synergistic interventions types are proposed along with a digital
tool to locate them. Data collected from online bird sighting records is
then located within the network to further inform the design of these
interventions in the future.
3.1 HABITAT SENSING
To sense habitat patches and simulate connectivity, a resistance
map is created to inform the emergent network. This map illustrates
the ability for birds to move through or occupy urban fabric. The
resistance map is made up of multiple GIS and aerial imagery layers
that are assigned a gray value based on the resistance level of their
contents. Features with high levels of resistance such as highways and
tall buildings are lighter, and features that accommodate birds such
as tree canopies and other natural ground covers are darker (Figure 1).
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Figure 1:
Exploded resistance and
accommodation layers.

For this study, a review of urban habitat and landscape connectivity
studies informed the values assigned to each layer, however, this
methodology allows for constant tuning of these values based on
expert input.
3.2 NETWORK SIMULATION
To sense habitat patches in the urban fabric, the resistance map is
sampled and points with high accommodation values are combined
into a polyline. “Agents” are then emitted outward from the patch
into the matrix. As they move, these agents sense a portion of the
resistance map in front of them, constantly moving forwards and
towards areas that better support birds. If on their journey, one of
these agents arrives at another patch, it stops moving and its path
is solidified as a connection. Agents that do not reach a patch in
1000m of travel are disregarded. The simulation in carried out at
multiple accommodation value thresholds and weighted to illustrate
connection strength. By allowing paths to emerge though agent
movement, this map study offers a stronger illustration of the network
than nearest neighbour studies conducted earlier in this research.
Here, due to the role of the resistance map in guiding possible
connections, key movement corridors and significant barriers in the
matrix become much more prominent.
URBAN AVIAN FLOWS / J. CAMERON PARKIN
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3.3 INTERVENTION LOCATION SUGGESTION
To holistically strengthen this network, four intervention types have
been developed and located in the urban fabric. The intervention
types are conceived as actions that enhance the qualities of the
components of a patch network. These components include patches,
which are the individual habitats; the matrix, which is the space
between the patches that does not accommodate the species; and
ecotones, which are transition zones between patches and the matrix
(Dramstad, Olson & Foreman, 1996). The qualities to be enhanced are
based on Dramsted et al.’s Landscape Ecology Principles in Landscape
Architecture and Land-use Planning (1996), and the report, Are Small
Greening Areas Enhancing Bird Diversity? Insights from CommunityDriven Greening Projects in Boston (Strohbach, Lerman & Warren,
2013). The four intervention types developed are as follows (Figure 2):
Patch Add: Where travel distances between patches are too far, a
habitat patch is added to increase stepping-stone movement.
Patch Enhance: Where green space exists but does not have the
characteristics to accommodate bird populations, improvements such
as adding height, cavities, and a varied vertical structure are made.
Figure 2:
Patch network intervention
strategies.

Ecotone Spread: Where strong ecological territory borders areas
of high resistance, this transition is blurred to encourage species
movement through the matrix and offer variation in habitat.

Figure 3:
Interventions located in the
agent-based network.

The result is a collage of intervention suggestions that act as starting
points for policy makers and designers (Figure 3). Because these
network and intervention maps are generated computationally, they
can easily be updated to test the effect of these interventions or other
changes in the urban fabric on the network.
3.4 DATA INTEGRATION
Now that the network has been developed and interventions
suggested, it becomes advantageous to make use of the vast amounts
of bird data collected by avid bird watchers. By locating this data
within the network, the designers of these interventions can easily
access this data to inform their design decisions.

Matrix Smooth: Where the matrix offers high resistance along
identified paths of travel and around patches, safety and
accommodation of urban fabric is increased to boost willingness and
ability of birds to move between patches.
To locate these interventions in this complex network, a digital tool
has been developed to evaluate the qualities of the network and
resistance map and place these interventions accordingly.
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The data was acquired from the online database eBird, where almost
30,000 bird sightings in this region from the past 5 years were used
(Cornell Lab of Ornithology, 2017). Each sighting entry contains key
data items including sighting coordinates, species, number of birds,
and date. It should be noted that this data does not reflect actual
densities of bird populations, but rather densities of human – bird
interactions. This data was supplemented by adding information
reflecting design parameters for each species. For each entry, the
species’ habitat, food, nesting, behaviour, conservation, and size, was
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gathered from the Cornell Lab of Ornithology’s Bird Guide (2017),
was added. To make this data accessible through the network, all
bird sightings are assigned to either a habitat patch, or a new sighting
location. The network can now be simplified and evaluated based on
connectivity. Here, any patch connected by at least one agent line is
considered connected, and a simple edge is drawn, representing this
connectivity. Now, all the data is stored in the form of a graph, where
there is a list of bird species and their attributes at each node, and
each edge signifies that those patches are connected (Figure 4). New
interventions can now be informed by the needs of the species they
would potentially accommodate.
Figure 4:
Graph data structure.

4.1 HABITAT SENSING
Using the same principles of the resistance layers in Part I, each threedimensionally modeled layer of this fabric is evaluated based on its
ability to accommodate or resist bird movement. These model layers
are the input for the network building process.
To build the network, a three-dimensional grid of sample points
are placed in the fabric. Each point measures its distance to the
nearest element on each resistance layer, before performing a series
of calculations to weigh the effect of these elements and arrive at an
overall accommodation value for each point. To locate the nodes of
the three-dimensional network, points that have high accommodation
values are isolated. These points are then interconnected based on
their nearest neighbours, and any connections that are above the
distance threshold, or are interrupted by the fabric are removed.
The remaining connections represent the three-dimensional avian
movement network (Figure 5).
4.2 INTERVENTION MASSING SUGGESTION
This three-dimensional network can now be used to inform the
design of interventions suggested by the tool previously. In this test,
the massing of a Patch Enhance intervention is optimized using the
network. This optimization of the intervention envelope comes from
an evolutionary solver which rapidly generates massings within the
given region. With each massing, the amount of fragmented network
the intervention connects is measured, before moving on to the next.
Through this process of testing hundreds of massings, the solver
learns which are most effective in generating connectivity (Figure 6).
By combining this rapid network testing tool with a designer’s hand,
an intervention envelope can be developed that is well adapted to
complex ecological and urban dynamics in a dense vertical city.
5. RESULTS

4. METHOD II – THREE-DIMENSIONAL NETWORK AND MASSING
TOOLS
To better understand the movement of species in dense urban fabric,
the sensing and network building strategies developed in Method I
are adapted for three-dimensional fabric. Specific attention is given
to a Patch Enhance intervention case study located in CityPlace’s
Canoe Landing Park. At this phase, an evolutionary solver is used to
optimize a massing envelope for this intervention that generates the
most connectivity in the region.
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Through the application of the concepts and methods from the
field of landscape ecology in dense, rapidly changing fabric, as well
as the addition of agent-based emergent movement networks, data
populated networks, and three-dimensional networks, new potentials
for designers to accommodate and leverage non-human species are
presented. While working at the two-dimensional regional scale, very
illustrative networks can be generated and updated rapidly, however,
the modeling and simulation of the three-dimensional networks are
still quite cumbersome and would benefit from a more streamlined
network simulation.
These three-dimensional networks are still using nearest neighbour
calculations, and, as seen with the two-dimensional networks, an
agent-based approach can reveal much more nuanced interactions
between urban and ecological systems.
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Figure 5:
3-D network
development process.

Beyond developing a more sophisticated three-dimensional network
algorithm, ongoing work has begun testing design interventions and
synthetic habitats based on the data and massing made available in
the methodology. While the results are promising (Figure 7), more
design experiments would greatly improve insight on the application
of this methodology in the greater design field.

Figure 6:
Patch enhance
envelope with effect
on local network.

6. CONCLUSIONS
This paper argues that circular design in urban environments should
manage not only human-centered resources and services, but also
support non-human species. This work targets a mutually beneficial
scenario where urban greenspace that acts as habitat provides vagile
species with territory and mobility while enhancing the well-being
and awareness of urbanites.
This paper outlines how traditional forms of urban greenspace and
the tools used to plan them need to be updated and proposes a
computationally driven design methodology that allows designers
to operate within the complex and entangled realm of urban and
ecological systems.
Specifically, a set of two-dimensional and three-dimensional tools
are presented that draw from and build upon patch networks in
landscape ecology and allow designers to read species movement,
place informed interventions, test the results, and design habitats
that are driven by species’ needs and movement. This methodology
illustrates how emergent, iterative, and updateable design tools can
move beyond traditional understandings of urban systems and shift
designers’ abilities and attention to engage non-human actors.
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1. INTRODUCTION

BUILDING FOR RESOURCE
RECOVERY THROUGH BIM

Today, most of the activities in the construction sector are part of a
so-called “linear” economic model: “Take, Make, Waste”. Striving to
reduce resource consumption will not change the limited nature of raw
material and can only delay the inevitable resource depletion (Servigne
& Stevens, 2015).

Interviews with practicing architects
Amélie Halbach
LNA Faculty of Architecture
ULiège
amelie.halbach@gmail.com

One of the levers to increase the reuse rate is to have detailed
information on the building elements and materials present in the
building. Nowadays, not all this information is generated during the
design phase, nor is it detailed or updated during the life cycle of the
building.

Sylvie Jancart
LNA Faculty of Architecture
ULiège
sylvie.jancart@uliege.be

According to the National BIM Standard United States (2015), Building
Information Model (BIM) is “a digital representation of physical and
functional characteristics of a facility. As such it serves as a shared
knowledge resource for information about a facility forming a reliable
basis for decisions during its life-cycle from inception onward” (Figure
1). Thus BIM is one of the most promising approaches to achieve
digitization in the construction industry throughout the building’s life
cycle (Krämer & Besenyoi, 2018).

KEYWORDS

circular economy, resource recovery, design for deconstruction, BIM, material passport

ABSTRACT
This study questions the relevance of the combination of Design
for Deconstruction (DfD) and Building Information Model (BIM) by
means of a series of retrospective interviews. The objective of these
interviews is to identify the specific problems and solutions found
by a group of forerunners. We then draw useful conclusions for the
development of these practices, which are currently not widespread.

Figure 1:
BIM during the life-cycle of
a building (Source: Denis,
2015).

RESPONSIVE CITIES_DESIGN & BUILD

110

BU I L D I N G FO R RE S OURCE RECOV ER Y T H ROUG H BI M / A M ÉL I E H A L B ACH – S Y LV I E JA N CA R T

111

For that reason, designing a building so that it can be dismantled at
the end of the building’s life time (Design for Deconstruction – DfD)
combined with BIM, could be a way to avoid deconstruction waste by
choosing deconstruction tracks over demolition (Akinade et al., 2017).
We note the hypothesis that the implementation of a material passport
and its integration with an “as-built” BIM model, delivered to the
project owner, can lead to a more efficient future reuse of materials
and components. Such a digital model, updated during the building’s
life cycle, allows the comparison of different scenarios of selective
deconstruction and reuse, on or off site. In addition, this digital
model will facilitate the pre-demolition audit. The “as-built” BIM thus
obtained, will be a real support for circular models.
2. METHODOLOGY
Most of the literature we have consulted concerns the theoretical way of
combining both BIM and DfD. However, little research has been done
on the practices of architects trying to combine them (Guldlager Jensen
& Sommer, 2016). In order to fill this research gap, we have chosen to
look at the current ways in which architects operate.
According to our online survey, completed by 26 European architects
concerned by either one of the two research fields, the combination
of the two practices is still very uncommon in architectural offices
(Halbach, 2019). Following the results of this survey, we interviewed
5 architects that seem to be more advanced in this field than others.
We asked them specific questions about one or two projects where BIM
and/or DfD was involved. The goal of the interviews was to identify the
specific problems encountered and the solutions found by this group of
forerunners. The aim of this paper is to draw useful conclusions for the
development of these currently uncommon practices.
Table 1:
Tracks to apply circular
design in buildings.

Table 1 summarizes three ways to apply circular design encountered
in the six analyzed projects: selective deconstruction (in renovation
projects), reuse of existing components and DfD.

Projects

Type of project

Selective
deconstruction

Reuse

DfD

1

Renovation

*

*

Yes

2

Renovation

Yes

*

Yes

3

Renovation

Yes

Yes

No

4

Renovation

Yes

Yes

Yes

5

New construction

N.A.

Yes

Yes

6

New construction

N.A.

Yes

Yes

RESPONSIVE CITIES_DESIGN & BUILD

3. RESULTS
The following six points summarize the case studies analyzed through
the interviews. All of these projects demonstrate BIM’s interest in a
circular economy (CE) approach.
3. 1 MINIMIZING CONSTRUCTION SITE WASTE (PROJECT 1)
The first architect we interviewed feels very concerned about sustainable
development and is highly sensitive to the benefit that BIM represents
for the construction sector. The project addressed during the interview,
is a small scale project of a home extension. In this project, the architect
used the BIM digital model to be able to better manage the material
quantities for the layout of the façade and thus avoid additional costs
and waste.
The architect was able to practice on the model, then carry it out on
site. “Heard at a conference at BIM World 2018 in Paris, there is always a
100:1 ratio between an error to check on your digital model and the reality,
namely where a clash costs you 10 euro on your BIM model and cost you
1000 on the site.” This back-and-forth work between the model and
the site is long and tedious. It is always necessary to update the model
according to the evolution of the site and therefore somehow do the job
twice. The BIM digital model, combined with a viewer, also improved
the communication with the contractor. Being able to show some details
helped to improve understanding of the project.
3. 2 DOCUMENTING DFD, OPTIMIZING TRANSPORT & VALORIZING A
“BIM-AS BUILT” ON THE MARKET (PROJECT 2)
The second architect uses commonly BIM software since 2006. He tries as
often as possible to introduce notions of CE in his work. He regrets that
recovery of deconstruction elements is not systematically present in each
of his projects, as this depends mainly on the company selected to carry
out the deconstruction. He mentions the problem that the contracting
authority is not always sensitive to the circular approach. As a result,
the company chosen for the demolition work is not always able to carry
out selective deconstruction. Moreover, the materials that are currently
being dismantled are not always made for this purpose. This results in a
percentage of breakage.
The analyzed project shows us an example of a 20 000 m² office building.
The architects were able to dismantle a large number of existing
materials. The new materials used have been designed in such a way that
they can be dismantled at the end of their life (DfD). For example, the
way windows are installed has been simplified compared to the existing
system so that they can be changed at any time, without intervention from
outside. All the elements implemented are accompanied by a process
logbook. For example, the windows have an illustrated notebook where
each deconstruction step is drawn in such a way as to explain how to
disassemble them without damage.
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The project is located in a very dense urban environment. The city has
placed great emphasis on limiting noise pollution due to the works.
The BIM has been of great help in order to pre-estimate volumes and
thus limit the comings and goings of trucks. In this case, the project
owner’s goal was to make his building profitable. Having barely started
the project, the owner already had the idea of reselling the building.
The project owner therefore agreed to extend the budget dedicated to
BIM, because he clearly understood the added value that BIM would
bring to the building at the time of the sale. Compared to his original
estimate, he managed to sell it for 15 % more.
3. 3 MAXIMIZING RESOURCE RECOVERY THROUGH A 3D SCAN
(PROJECT 3)
The third project relates to the renovation of a family house based on
a 3D scan. The architect is doing his best to limit the (de)construction
waste as much as possible. In this project, the architect believes that the
combination of BIM and CE has a major advantage: a better knowledge
of the existing situation. Indeed, in order to facilitate the management
of dismantled materials, the objective is to establish an inventory or
catalogue of anything that can be recovered from the BIM model to
make an update according to what could actually be recovered.
Through to this inventory, the architect wants to show the quantity
of materials that can be recovered from an ordinary house when you
make the effort to dismantle cleanly from top to bottom. For him,
the waste disposal is only significant if no track of recycling or reuse
can be identified. Thanks to BIM, the destination of some elements is
already known, even before the dismantling. Some of the materials will
be reused on site: the brick will be reused to build the new gable, the
frame will be used as floor, etc. Other elements will continue their life
cycle on another site.

3. 5 PLANNING THE END OF LIFE (PROJECT 5)
The fifth project is a new construction of 300 m², using mainly recovered
materials and focusing on future dismantling. The architects’ goal was
to design a building as circular as possible, using reusable materials
and bio-materials.
Even through the architects were well acquainted with BIM, for this
project, they have chosen to focus on DfD. There are two main reasons
why they chose not to invest time in producing a BIM model. The first
reason is the scale of the project. As the surface of the building is only
300m², the documentation can easily be handled manually. Also, the
architects are the owners of the building. As they plan to completely
dismantle the building in ten years’ time, they already know that they
will handle the deconstruction work themselves.
Two end-of-life options are being considered. The first is the identical
assembly of the building at another location. The second one considers
the building as a material bank where each element will be assessed
individually. The architects have not given their opinion on this issue.
3. 6 DOCUMENTING DFD (PROJECT 6)

3. 4 PROMOTE COLLABORATION (PROJECT 4)
The last renovation project concerns a large city hall. The renovation of
the building focuses on space flexibility. Due to selective deconstruction,
a large number of materials were dismantled and reused in the building
itself. Two examples of materials reused in the building are false ceiling
slabs reused as façade insulation and old interior doors transformed
into cabinets and interior partitions.
Other dismantled materials were offered for sale through on an online
material resale platform. This effort led to a new purpose for 95% of the
dismantled materials. Many deconstructed elements have therefore
been moved instead of eliminated.
The new materials introduced into the building were constructed
facilitating easy dismantling. They can be reused in different forms.
Some can be reused in their original form and function, others as raw
materials. For this project, the architects worked closely with builders,
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installers and companies of electrotechnical installations. The architect
we interviewed pointed out that using BIM helped them at different
key moments of the project. For example, having the BIM digital model
stored in the cloud, facilitated access for all the project stakeholders to
the right information, at any time and in real time. Close collaboration
with project partners and the use of a clash detection software (Solibri),
enabled detecting a large number of errors before construction began.
This process took a long time during the design phase, but saved
money during construction. The 3D visualizations generated by the
BIM digital model allowed the architects to better communicate with
the owners and other project stakeholders.
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The last project consists of 60 general housing units. The aim is to build
a housing project where 90 % of the materials used can be reused at the
end of the building’s life without significant loss of value. Therefore,
the building is designed to be dismountable in order to recover its
components (DfD).
This project shows us that the concept of “BIM” is larger than only using
the, so called, BIM software. The housing project involves more than
30 companies throughout the construction sector. In order to achieve
this collaboration, various workshops were organized: “We divided the
building in different layers and then we redesigned them one by one.”
Each session concerned an aspect of the construction: structure,
envelope, technical installations, etc. The interaction between all these
companies has made it possible to find innovative solutions.
For this project, the architects have not yet worked with the BIM
modelling tools, but they plan to do so before the project is built:
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4.3 CONCLUSION

“Since we know we are going to do it, we have it always in the back of our
head. DfD is all the way through the thoughts but we have to document
them later. In that regard, we prepared it to be ready for BIM and its
documentation.”

The distinction between a renovation project or a new project, the
size, the destination, the need for flexibility, the location in an urban
environment or not, are all factors to be taken into consideration at
the end of the building’s life. As a result, the deconstruction objectives
vary for each project. They can be the maximal material recovery, the
minimisation of demolition/deconstruction costs, the comparison of
different deconstruction scenarios, the optimisation of the transport
and storage of extracted materials and so on (Figure 2).

The architects intend to introduce information about materials in a
materials passport but they have not yet stated their opinion on its
form. These material passports will be integrated into the BIM digital
model to provide all the information for building maintenance, such as
the type of paint to be used or how to remove an interior wall.
4. DISCUSSION & CONCLUSION
4.1 ADVANTAGES OF COMBINING BIM WITH DFD
Following the interviews, we identify two major advantages of using a
digital BIM model.
During a renovation project, BIM helps to obtain a better knowledge of
the building. A digital model of an existing building makes it possible to
generate a pre-demolition inventory in a way that is faithful to the actual
edifice. This inventory can then be used to anticipate and organize the
transport, storage and sale of the materials to be deconstructed.

Figure 2:
The BIM as a decisionmaking tool between
demolition and
deconstruction (Source:
Halbach, 2019).

In order to achieve the various deconstruction objectives, the
deconstruction activities must be planned. This scheduling requires
a pre-estimation of the material quantities that could be dismantled
for future reuse. The BIM process associated with an “as-built” BIM
digital model containing material passports would be a valuable aid
in documenting the future deconstruction of a building and thus
favouring the reuse of its components.

The second advantage concerns the potential for material circularity.
We know that the lack of information on reuse materials is one of
the main obstacles (Gorgolewski, 2017; Durmisevic, 2017; Ghyoot et
al., 2018). Having technical, maintenance, disassembly and recycling
information increases the possibilities to reuse materials in both new
and renovation projects (Verberne, 2016).
However, BIM makes it possible to integrate all the characteristics of
the materials into the digital model (Aguiar et al., 2019). The architects
we interviewed believe that a building accompanied by a BIM model
containing dismantling information will be more valuable at the time
of sale than a building that does not.
We note that the combination of BIM with DfD is mainly interesting
and even essential for large projects. For small projects, the approach
still seems too complex and costly to be generalized today. Architects
also see a great interest in projects that require a lot of flexibility during
the building’s life cycle. Ultimately, they would like these BIM and DfD
to apply to all projects.
4.2 SATISFACTION TOWARDS BIM MODELING SOFWARES
None of the architects we met is satisfied with the current BIM
modeling software. They would like to advance the introduction of DfD
in the project and no longer have software compatibility problems.
They also lack a tool that allows them to easily plan and visualize
the deconstruction of a building. Moreover, little is currently being
implemented concerning the CE, particularly towards deconstruction.
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From our readings and interviews, we observed that DfD is even
more important than having an “as-built” BIM model. Indeed, the
documentation work through BIM is futile if it is not physically and
economically possible to dismantle the component or material without
damaging it. We conclude that BIM associated with the CE shows a
global vision on the entire life cycle of a building. However, it remains a
tool and will not replace human intelligence and creativity.
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LEARN

Will novel, sensing, augmenting and responsive technologies mark a
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impact of building metabolism?
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ABSTRACT
The creative employment of novel sensing, augmenting and responsive
technologies helps us better understand the constantly changing
relationship between the individual and the built environment. This
paper argues that interactive urban installations have the power
to affect and shape this relationship through the technologicallyenhanced design of circular feedback systems.
By combining a top-down perspective that looks at the digital
landscape of cities, and a bottom-up approach that enhances human
interactions, the paper presents a ‘sensory urban instrument’ that
reads the collective sentiment of cities and translates the dynamic
information into engaging experiences for citizens. Acting as a
mediator between large-scale data inputs and individual relationships
with urban interfaces, this project demonstrates that human-centered
temporary interventions that dynamically respond to contextual
occurrences in different time frames can adapt to the evolving
conditions of cities and have long-lasting urban repercussions
through circular feedback processes.

The entanglement of physical contexts with digital spaces is creating
new hybrid experiences and realities, affecting how we perceive,
respond and adapt to our urban environment. These experiential
transformations in turn influence the spatial, material and even
cultural development of our surroundings by adopting a feedback
loop process that is a fundamental catalyst of innovation (Kwinter,
2018). The creative employment of novel sensing, augmenting and
responsive technologies particularly helps us better understand this
constantly changing relationship between the individual and the built
environment (Picon, 2015). Within the context of Responsive Cities,
interactive installations have the power to affect urban dynamics
through the technologically-enhanced design of engaging digital/
physical experiences.
By bridging the gap between subjective perceptions and behaviors,
and the objective characteristics of the built environment (Mallgrave,
2015), responsive urban interventions harness technology to reframe
the human experience by employing circular feedback processes in
relation to both tangible and intangible qualities of places.
Combining a top-down perspective that looks at the digital landscape
of cities (Batty, 2016), and a bottom-up approach that enhances human
interactions (Kummitha and Crutzen, 2017), this paper argues that
urban installations may become ‘sensory instruments’ that read the
collective sentiment of cities and translate the dynamic information
into engaging and responsive experiences for citizens. Countering the
risk that efficiency-driven technology might turn our surroundings
into unstimulating repetitions of cause and effect (Koolhaas, 2015),
these temporary interruptions in everyday routines can instead
spark positive reactions and give new meaning to places—potentially
leading to long-lasting repercussions that generate urban vitality.
To experiment and test this approach, the paper presents a project
built in New York City—an ambient, interactive, and responsive
installation in SoHo neighborhood. Molded and folded from concrete,
the same material that gives the city her gravity-defying forms, this
urban instrument (called Pulsus, Fig. 1) reflects the pulses of its
surroundings wherever it is installed. In NYC the project collected
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a user to the installation. These interactions thus force the viewers
to become acutely aware of their own body, both physically and as a
locus of perception result in the creation of a personal relation with
the project. Sensory urban instruments also address the relation
of an individual to the collective, to the society (of which she is a
constitutive part).
This relation is grounded in the philosophical concerns of
individualism and collectivism (Singelis et al, 1995): two notions
which respectively propose that a society is either a group of distinct
individuals that is conceived of bottom up, or a society is a singular
entity, that when taken apart, is found to be composed of individuals
that are subsidiary in identity to the entity of the collective. So,
the relationship elicited by the present work is this underpinning
philosophical tension: that these installations force the users into this
question of their own relation to the society of which they are a part.
And it must be assumed that this abstract conflict is unresolved.

Figure 1:
Pulsus, a sensory
urban instrument.

real-time data from social media, police channels and transit sensors
in the city and reinterpreted the data into immersive, interactive
and playful soundscapes. As it hummed and misted to every small
fluctuation in the urban activity, these concrete blankets encouraged
visitors to tune in to the dynamic pulses of the city’s communication
frenzy and created unexpected relationships with both digital
information and physical materials.
2. CONCEPTUAL FRAMEWORK
Responsive urban interventions can be seen as projects that are
approached from a user-centered perspective in which innovative
technologies foster engaging human-building and human-space
interactions in cities. Such projects have the potential to evoke
‘hidden’ relations of an individual to the urban setting, and by doing
so, to give the installations the power to continuously captivate
the interest of users and have meaningful repercussions. Working
up from the fundamental structure of responsive environments
and artifacts, the interplay between ephemeral interactions and
lasting power is in fact one of the key elements of the ‘sensory urban
instruments’ discussed in this paper.
The most simple mechanism possible in a responsive installation
is a feedback loop. Simply put, when there are two bodies—the
installation and the user—the user gives input to the installation; in
response, the installation gives output to the viewer; of course, this
prompts further input from the viewer; hence, the feedback loop. This
is where the notion of body-centric interaction comes in: it is the hook
by which the user is drawn in. Body-centricity specifically describes
a type of both output from the installation to a user and input from
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Circular feedback systems thus evoke the sense of this complex
relationships through responsive urban installations that act as
mediators between two inputs: namely, that of the individual viewer
and that of large-scale data collected from a group of people outside
(i.e., the collective). The installations then have a single form of
output, its response, one which takes into consideration both of these
inputs. But, because the installation is involved in a body-centric
interaction with each individual user, the installation is forcing any
given viewer to perceive her relation to the output of the installation
as that of an individual.
Therefore, the body-centric response nearly precludes the perception,
on behalf of the viewer, that her input is one and the same as any
part of the input of the large-scale collective’s, that she is merely a
subsidiary part of the collective. And this is the central tension, or
mystery. When the installation responds with an output, a viewer
cannot know whether her individual input is responsible, or if,
instead, it is a result of the perceived-other, collective’s input.
Or, maybe, it is both; but if so, then what is one’s relation to the
collective’s if the two are joined? And if they are conjoined, is the
collective merely many individual inputs, or are there two bodies
giving input, this individual and the collective, as a single, other
entity? This question, we would like to argue, is a true mystery.
No amount of information about the project and its processes can
answer this. Instead, the installation simply exposes the conceptual
mystery underpinning it and on which it was grounded. Therefore,
a viewer could be reasonably said to be experiencing a variant of
this mystery, or, rather, experiencing an experience which mirrors
the experience of a true mystery: namely, the true mystery of the
individual’s relation to society, to the collective. And finally, the
second input of the large-scale data of the collective is necessary for
the creation of this mystery. For without it, without the possibility
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Figure 2:
Computational simulations
of the draping process for
both design and fabrication.
Figure 3:
Construction details
of one of the four concrete
modules.

that two bodies are providing input for a single output, there could
not exist this unexplained tension. Operating on the assumption
that all the above conditions are met, there would exist, because of
the design of the installation, both short- and long-term interest,
both a hook and a true mystery. One is intrigued by the true mystery
because they are personally implicated, and one may continue to be
interested because it cannot be solved. Rather, it remains unresolved,
and thereby manufactures an experience, an interest, which will also
not be resolved. Perhaps this unresolvable uncertainty evokes a sense
of the uncanny. Either way, it is, hopefully, compelling. It appears
plain that a true mystery should give lasting power of interest, seeing

as it cannot be resolved. Thus, this is the conceptual ground on which
one should build if wishing to avoid the path of a resolvable game (or
feedback-loop mechanism) and to achieve possible lasting power with
a technologically-driven interactive and responsive installation.
3. METHODOLOGY
The present urban installation consists of a large concrete artifact,
slightly suspended off the ground, and curved with hills and
valleys, intended to allow users, upon sitting, to feel the pulse of the
surrounding environment. The project teases out the tension of the
individual’s relation to the collective, firstly, in its design. Pulsus
reinterprets data taken from the urban collective, but responds to
viewers on a subjective, individual level. Engaging with the pedestrian
activity, the project thus allows to experience the city on a human
scale, to see the environment as one made up of people’s dynamics.
3.1 DESIGN PROCESS
This bench-like artifact is made of single pieces of concrete littered
with impressions of human figures and bodies underneath, as
metaphorically being lost within the collective. In the design process
computational simulations allowed to explore various geometric
variations, in relation to both sitting options and ground conditions
(Fig. 2). Taking into account fabrication and transportation
constraints, the final design consisted of four concrete modules,
each measuring 7 x 4.5 feet with a gap of 5 inches in between (Fig. 3).
The 3/4-1” thick concrete was designed by draping the surface onto
abstracted human figures and supporting geometries.
Figure 4:
Sanding operations
of one of the four
molds made of large
fiberglass sheets.
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3.2 FABRICATION METHOD
The fabrication process attempted to translate the almost
serendipitous complexity of the geometry into the materiality of the
concrete by means of a ‘controlled imprecision’ method. For each
module, a wooden frames allowed to define the edge conditions of the
surface geometry. The molds for the concrete pouring were created by
draping fiberglass sheets onto the wooden frames. After the curing
time, resin coating was used to generate a rigid mold that served as
negative for the concrete (Fig. 4).
The fiber-reinforced GFRC concrete was poured with the help of a
shooting gun to carefully control its thickness over the complex mold.
After the concrete had cured, for each module the mold was resealed
revealing the polished finishing on the outer side, and the more rough
surface on the inner side.
3.3 RESPONSIVE FEEDBACK SYSTEM
The responsive feedback system is composed of both collective and
individual inputs, and three body-centric outputs. The installation
responds to data taken from the city at large, providing users in
return with a unique pulse of the city. The urban instrument as
well receives input from individual users located on the sculpture,
capturing their presence and perceiving their physical touch.

Figure 5:
Diagram of the components
and sensing instruments
attached to the concrete
surface for creating the
responsive system.

In terms of output, the artifact gives off vibrations through its
continuous concrete surface. This concrete is also used to emit sound
through transducers installed on the inner side (Fig. 5). The tactile
output of the vibrations is thus combined with the more detached
sensation of the soundscape created. Finally, the installation
produces mist from underneath its bench-like surface, responding to
user presence with proximity sensors and providing viewers with a
cooling microclimate. For the data inputs in New York, a sentiment

Figure 6:
The interaction of users with
Pulsus in SoHo,
New York City.

analysis of the city was achieved through the real-time collection and
interpretation of two main sources: (a) tweet posts, by quantifying
emotional states via emojis scoring; and (b) police communication
channels of the New York Police Department. The real-time police
walkie-talkies feed was modulated by the twitter emoji scores to
create soundscapes of different digital effects and bass rhythm/tempo
that playfully interpreted the anxiety level of the city. The sound was
transmitted directly on the material via transducers, allowing the user
to ‘feel’, more than ‘hear’, the soundscapes. The custom algorithm
also included a system that was able to detect when a user was
knocking on the concrete surface, for then responding back to create
an engaging feedback loop mechanism.
4. RESULTS
The installation directly implicates an individual user by means of
its body-centric interactions (Fig. 6). This is the key to its circular
feedback system, but also to its short-term intrigue, its hook. Located
in close proximity to a park, Pulsus offered an alternative sitting area
for pedestrians, thus drawing them in by means of its functional use,
its mist-induced microclimate, and its personalized, tactile intrigue.
By focusing on technologically-driven interactivity between sculpture
and user, the installation involves the human body on an individual,
personal level. In that sense, body-centricity can be seen as a type of
both output from the installation to a viewer and input from a viewer
to the installation, altering the interaction so that it is about that
particular user—or at least the user perceives it as such.
The response of the installation is one based on both the individual
input (physical proximity and knocking system) and the urban
collective sentiment (from which the data is taken). However, users
must also be aware of their involvement in the instrument’s largescale data: in fact any citizen was also giving input as part of the
collective of New York. Therefore, the installation is engendering a
contradiction of sorts in the perception of the user. Each citizen was
simultaneously an individual on the sculpture and a data point for the
sculpture’s response to New York, a mere part of the collective entity
of the city.
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CONCLUSIONS
The case study presented through this sensory urban instrument
provides an example of how innovative technology can be integrated
into urban settings to affect the human experience through
interactive digital/physical artifacts (Albino et al, 2015). Engaging
with the pedestrian activity, the project allows to experience the
city on a human scale, to see the environment as one made up of
people’s dynamics. Through a physical interaction between the user
and the artifact, Pulsus also acts as a bridge between the body and
sense perception, connecting the experience of sound by means of an
enhanced materiality of the concrete.
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This project also demonstrates that the creative quantification of
urban dynamics helps us reveal novel correlations between citizens
and the built environment. To that end, a deeper knowledge of
the impact of multifaceted urban parameters on our individual
experience will equip designers with a data-enriched “atmospheric
sense” (Pallasmaa, 2016). An extension of our five senses to better
capture hidden datasets that can then be leveraged for creating
alternative forms of responsive urban environments.
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based on the building modules and embodied materials. It proposes
to capture both the positive impact of using recycled materials and of
re-using modules within a building during its service lifetime.
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1. INTRODUCTION
Population growth and changes in demographic composition are
significant challenges for cities today. They have an important
impact on the residential building sector. Whereas population
growth in many fast-developing regions leads to a continuously
increasing demand for residential buildings, conventional
typologies are unable to account for the dynamics of demographic
trends, such as increasing numbers of single households and an
aging society. The inability to accommodate these changes is one
reason why buildings are demolished prematurely resulting in
large wastage of material resources (Choi, 2008).
Flexibility in building layouts would prevent rapid obsolescence
of the building modules and enable the extension of service life
of the whole building. Gereadts defines flexibility as building
modules which can be easily reconfigured to suit changing user
demands, along with ease of disassembly, relocation, and reuse
(Gereadts, 2016). The idea of flexibility in buildings, in terms of
the modularity and reusability (Estaji 2017; Schmidt, 2010), lends
itself to the idea of circularity in the built environment. Circularity
targets efficient and sustainable resource consumption by
promoting the regeneration of material flow.
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ABSTRACT
Applying circular economy principles in the building sector is vital
in reducing environmental impacts and eliminating waste with
significant economic benefits. Besides recyclability, designing a
building that embodies the circular economy paradigm such as:
modularity, adaptability, flexibility, and design for deconstruction
or disassembly also promotes material efficiency. This retains the
value of building components at the highest levels. By incorporating
flexibility in building layouts, building modules can be easily
relocated and reused within the building, thereby reducing the need
to discard underutilized materials or for replacement with an entirely
new construction. Through reviewing a set of building circularity
indicators, a circularity assessment tool is set up to quantify the
positive impacts of flexibility. This paper builds upon a life cycle
assessment (LCA) based software tool to assess building circularity
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The regenerative approach of circular economy is a growing
trend that encourages waste reduction. This is very apt for
the construction industry (EMF, 2015) due to the significant
environmental impact the industry generates.
However, the focus should go beyond reduction of material
consumption and recyclability as main aspects of a circular
economy and pursue a more holistic approach (Fernanda, 2018).
Considering the long implementation periods between planning
and realisation in the building industries, it is crucial to assess the
impact of circular design to support early design decisions.
This paper intends to build upon an existing LCA based software
tool (Budig et al., 2019) to quantify building circularity based on
the building modules and their respective materials. It proposes to
capture both the positive impacts of using recycled materials and
of reusing modules within a building during its service lifetime via
a circularity indicator.
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3.2. CIRCULATORY INDICATORS / VARIABLES FOR
QUANTIFICATION

The software tool evaluates the consequences of early design
decisions for the Global Warming Potential (GWP) of buildings
via Life Cycle Assessment (LCA) methodology. It adopts the Open
Building approach, a concept introduced by John Habraken
(Habraken, 2008) and distinguishing between alterable infill and
permanent support systems in buildings. The interchangeability
within the infill system allows the building to accommodate
evolving user needs, which can be tracked and assessed within the
tool.

Measuring a building’s circularity is critical to gauging the
potential benefits at the building level and its contribution to the
paradigm of circular economy. A number of BCIs can be identified
in literature. The most significant ones to the research discussed
here are listed as follows: Verberne categorises BCIs into technical,
functional, perception and economic indicators, where both
technical and functional indicators can be assessed to certain
extents (Verberne, 2016). Technical circularity indicators are
concerned with both the circularity of the material use and circular
design such as design for disassembly (Verberne, 2016).

2. OBJECTIVES
Current Building Circularity Indicators (BCI) measure the circular
potential of a building in order to minimize the use of virgin
materials and to retain materials infinitely in the chain of material
supply. Our objective is to examine the benefit of flexible building
design and its behavior in the closed loop cycle.

Functional circularity indicators include indicators related to
environmental impact, energy and water flows. These indicators
rely on a single score or rating method. Functional circularity
indicators include BREEAM, SBTool and LEED (Rahla, 2019).

Similar to the concepts of Design for Adaptability (DfAD) and
Design for Disassembly (DfD), flexibility aims to construct
relocatable building modules and promote module reutilization
during the building’s use phase. These principles are difficult to
assess with current methodologies even though they have a huge
influence on the overall BCI (M. van Vliet, 2018).

One of the technical circularity indicators that include BCI is
proposed by Madaster Foundation (Madaster, 2018b), which builds
on the Material Circularity Indicator (MCI) developed by the Ellen
McArthur Foundation and Granta (EMF, 2015) catering specifically
to the building construction sector.
The BCI assesses the amount of secondary material resource used
in the construction phase, the extension of the lifespan of the
products in the use phase and the amount of recoverable content
in the end of life phase (Madaster, 2018b).

As part of an ongoing research on a more holistic approach to LCA,
we are developing a tool that factors in flexibility as an integral
part of the BCI. The following literature review surveys focuses
on the following aspects: (1) the relationship between flexibility
and circular buildings, (2) explore the impact of circularity and
modular reassembly of the infill systems of a building and (3) how
this can be determined as an integral part of existing BCIs.

3.3. THE CONNECTION BETWEEN CIRCULAR ECONOMY AND
LIFE-CYCLE ASSESSMENT (LCA)
Life Cycle Assessment (LCA) is one of the functional circularity
indicators and a well-established methodology that assesses the
environmental footprint of buildings. By identifying potentials for
environmental impact reduction of the building throughout its
entire life cycle, LCA could act as a complementary tool to facilitate
circular economy decision making (Pomponi, 2017).

3. LITERATURE REVIEW
3.1. CIRCULAR ECONOMY APPROACHES IN BUILDING
CONSTRUCTION
One of the main features of circular economy considered for
buildings is the idea of closed-loop systems, where construction
materials flow in circles using different strategies into either
technical or biological cycles (EMF, 2015). Sustainable strategies
in conjunction with circular economy in construction reduce
energy and material consumption for building designs with less
waste output and emissions (A Ness, 2017). The concept of circular
buildings has been introduced as a more holistic approach to circular
economy in the built environment, focusing on strategies such as
modularity, design for adaptability (DfAD), design for disassembly
(DfD) and deconstruction (Leising, 2018).
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This research focuses on the embodied carbon of materials and
modules used in the building, which is widely considered in LCA
assessments that quantify the impact of the circular economy
(Rasmussen, 2019; Fernanda, 2018; Akanbi, 2019). Assefa et al.
concluded that a potential reduction environmental impact
could be achieved through building repurposing via selective
deconstruction and building system reuse (Essefa, 2017).
3.3.1. MATERIAL REUTILIZATION
Material reutilization eliminates “waste” through designing
products with different materials that could be recycled to
retain their value (EMF, 2015). The environmental impact is
134
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significantly influenced by the building’s material composition.
Due to the uncertainty of the building end-of-life phase, it is
difficult to predict the future waste management practices. In
an end-of-life evaluation of a building, while any future reuse of
recycled materials is not credited, the positive environmental
impact of recycling could be considered as input value within a
manufacturing phase of the building modules. Gao et al. stated
that the production of building materials which contains recycled
content has the potential to save natural resources and embodied
energy (Gao, 2001).
3.3.2. BUILDING MODULE REUTILIZATION – MODULAR-BASED
REASSEMBLY
Modularity refers first to a means of construction that addresses
the circularity on the scale of modules. Various studies support
the notion that this concept has a positive environmental impact
(Eberhardt, 2018). Aye et al. concluded that up to 81.3% of the
embodied energy of an earlier building could be saved by reusing
its steel structures, prefabricated modules and other components
in another new building (Aye, 2012). Rønning et al. used an
“avoided burden” approach when including the reuse of existing
modules during a building’s renovation in their LCA method.
The study captured the additional replacement and maintenance
needed for the reused modules (Rønning, 2009). Whilst LCA
assesses circular economy to a certain extent, Eberhardt et al.
stated that the benefits of reuse, recovery and recycling should be
reported independently for a more reliable support of decisions as
the environmental quantifications are not always clear (Eberhardt,
2018). A modular-based reassembly focuses on the capability of
constant reuse of building modules within the existing building’s
use phase.

Figure 1:
Workflow diagram for
‘shoebox’ model.

4. OPEN BUILDING STRATEGY - SUPPORT AND INFILL SYSTEM
The study presented with this paper applies the Open Building
paradigm by John Habraken (Habraken, 2008) and distinguishes
flexible building components from the permanent support
system. A flexible infill can be reconfigured to accommodate
different user needs and alternative parcellations of housing units.
This distinction promotes the interchangeability of materials
and products, which adheres to the basic principles of flexible
buildings and promotes building circularity. Flexible buildings
are defined by its ease of rearranging infill components, whilst
accommodating the potentially changing needs of occupants
(Geldermans, 2019). If building design accounts for the ability of
infill components to be easily disassembled and to dynamically
match with the changing requirements, building modules
can be reassembled within the building to match the users’
needs. Material and module reutilization can be anticipated,
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which is congruent with circular building principles. With the
implementation of predictive models, changes within the units in
the building can be quantified and anticipated. This would forecast
the changes and reconfigure infill components throughout the Use
Phase (B) of the building’s life cycle.
Modularity in an Open Building approach is relevant to this study
on various levels: with regards to service lifetime of buildings, a
catalogue of varying modules enables user-driven layout changes
within the infill system, ideally by reusing them for the requested
adaptations.
The systemic division into permanent and alterable elements is
also applied for the modular-based LCA tool to assist designers
with the assessment of design iterations at early design stages.
For the generation of comparative design iterations users can
interact with a series of parametric ‘shoeboxes’. They represent
cells within the building with variable materiality and ratios of
permanent support and alterable and relocatable infill-modules.
These ‘shoeboxes’ generate basic building configurations and
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according visualizations of their life cycle impact.

The formula for the utility factor is:

Both support and infill components will be thus assessed by
means of their material composition including its recycled
fractions. The infill elements allow an additional assessment of
their cycles of relocations responding to user demands within the
service lifetime of the building.

where

The workflow of the ‘shoebox’ model, its differentiation between
infill and support systems along with LCA and circularity
assessment are illustrated as in Figure 1. The paper seeks to prove
the benefits of circular buildings and determine the impact
of relocation scenarios of a flexible building compared with a
conventional building, where both support and infill components
are subjected to demolition and disposal.

Utility constant**
Number of functional units (in years) achieved during the use
of a product***
Number of functional units (in years) achieved during the use
of an industry-average product of similar type
*A subscript on all the symbols previously defined is used to denote
a quantity for a specific building module .

5. PROPOSED CIRCULARITY INDICATOR METRIC
The proposed indicator adapts and applies the cradle-to-grave
approach, aiming to assess the potential of circularity approaches
to reduce the environmental impact both in regard to materials
and building modules. Adapting the Material Circularity Indicator
developed by the Ellen McArthur Foundation and Granta (EMF
2015), the circularity indicator aims to measure “the extent to which
linear flow has been minimized and restorative flow maximized for
its component materials, and how long and intensively it is used
compared to a similar industry-average product”.

** The utility constant ensures that fully linear products, with a
potential lifespan that equals the industry-average lifespan, receive a
score of 0.1 – 1. Products that are fully linear, with a lower potential
lifespan than the industry-average lifespan, receive a score < 0.15.
*** The functional unit of factor
years, which

The Circularity Indicator (CI) is measured by:

is defined as the number of

is assumed to be synonymous with the service

lifetime of the building.

The Linear Flow Index (LFI) is used to calculate the linear part of the
material flow of each building module, starting with 100% of virgin
materials, with 100% ending up in an incinerator or in a landfill site.
The LFI has a range from 0 (completely circular) to 1 (completely
linear). The
utility factor considers the impact of the useful
life of a product. This impact decreases with improvements in the
design, repairs, upgrades, and preventive maintenance that extends
its useful life. The factor in this case study assumes that the ability to
reuse building modules permits the accommodation of changing user
demands. If the typical lifespan of a building is 50 years, the building
module is assumed to have the same lifespan as that of the building.
Within a flexible building, building modules are assumed to be stored
when unused.
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6. CASE STUDY AND FUNCTIONALITY OF TOOL IN MEASURING
CIRCULARITY INDICATORS
The tool will allow users to choose between a basic “cradle-to-gate”
and a more comprehensive “cradle-to-grave” approach as illustrated in
Figure 2. In the “cradle-to-grave” approach, infill modules are assessed
for their embodied carbon emissions as well as their reuse and
relocatability within the building. Based on Figure 2 which illustrates
the life cycle stages of a building in LCA (BS EN, 2011), this research
focuses on the assessment of relocatibility of building modules during
the Use Phase (B) and the recyclability of materials (embodied carbon
emissions) that is taken into account in the Construction Phase (A) of
the building.
Firstly, the tool allows the user to visualize the Global Warming
Potential (GWP) results of the use of construction materials in both
3D environment and in terms of graphical representation as shown
in Figure 3 and Figure 6 respectively. In this paper, we apply a tool for
a case study using life cycle inventory data on concrete with recycled
aggregates as input values for one dominant material component and
illustrate a comparison to the base case with conventional concrete.
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With virgin materials 			

With recycled materials

Figure 3: 3D and graphical visualization of a comparative study between a building that uses recycled aggregate concrete and
another using natural aggregate concrete.

Figure 2:
Top: Life cycle stages
from BS EN 15978:2011
Sustainability of
construction works
– Assessment of
environmental performance
of buildings (BS EN 2011).
Bottom: Altered version
including circular economy
paradigm (As applied to the
case study in Section 6).
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Secondly, the tool allows the building module changes to be trackable
within the system as shown in Figure 4. This applies to both at the
launch time of the building and the changes predicted throughout
the building’s service lifetime. While in the final version of the tool
predictive models will be used to assess the cycles of changes for
this study on the relocatibility of building modules the outcomes of
a participatory design exercise are taken as data for layout alteration.
Six different floorplan layouts are used to represent 10-year intervals
of 60 years as shown in Figure 4.
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Scenario 1 (Year 2030)		

Scenario 2 (Year 2040)

Scenario 3 (Year 2050)

Scenario 4 (Year 2060)		

Scenario 5 (Year 2070)

Scenario 6 (Year 2080)

Figure 4: Change in number of building modules used (Bay Room Divider Walls and Front Divider Walls) as tracked in the tool.
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The Factor

of every building module (Bay Room Divider

maintain, disassemble and reassemble building modules is not taken
into account within the assessment due to the lack of data, which can
be the subject of future study. Future versions will also aim at getting
closer to a “cradle-to-cradle” approach. Assessing building circularity
helps stakeholders better understand the potential benefits. It would
highlight the economic impact of an improved material efficiency,
which will become increasingly important, especially in the light of
potential carbon taxes.

Walls and Front Divider Walls) is tabulated in Table 1 for three out of
the six scenarios. In scenario 2 as shown, flexible buildings have a
factor
and conventional buildings
for Bay Room
Divider Walls. The study assumes LFI = 1 for a conventional building
and LFI = 0.5 (no virgin materials used) for a flexible building with the
use of recycled concrete aggregates given that there are virgin
materials used. The flexible building scenario will have
,
whereas the conventional building will have
.
Within the tool, both the circularity indicator measurement and GWP
results will be reflected in a graphical representation as shown in
Figure 5 and 6.

		

Conventional Building			

Flexible Building

Figure 5: Number of building modules on a floor level as well as the entire building level can be tracked to accommodate
changing user-driven housing unit layouts.

Table 1: Comparison of

value between a flexible and conventional building over the course of 30 years for three out

of the six scenarios from Figure 3.

CONCLUSIONS
This paper offers a means to quantify the building’s level of material
circularity based on its use of recycled materials in the construction
phase, and on module reutilization and modular-based reassembly
respectively. An LCA-based approach is adopted to account for the
recovery and reuse of construction materials. A CI is utilized to
quantify the reusability of building modules Based on the factor
used in the equation, the ability to relocate building modules to adapt
to changing user demand would enhance building circularity.
The tool aims to quantify the value of circular design and reusing
of building components, complementing the evaluation of building
environmental performance. The life cycle GWP and CI are used
as metrics for evaluation. It is noted that the energy required to
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Conventional Building			

Flexible Building

Figure 6: Circularity indicator values and breakdown of GWP values of different building components for a conventional
building using natural aggregate concrete (left) vs. a flexible building that uses recycled aggregate concrete (right).
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1. INTRODUCTION

PARTICIPATION IN URBAN
DEVELOPMENT

Cities make up three percent of the world’s land, and house over
half of the world population. No matter the balance, or imbalance,
of social, environmental and economic welfare, a city’s built
environment and public spaces hold a critical key to the well-being of
its residents; They enable us to gauge the ‘health’ of a city.
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Challenges faced by cities, including: housing, transportation,
infrastructure, density, pollution, urban poverty, employment
and food security, just to name a few, are traditionally mitigated
by ongoing development by government policy and developer-led
initiatives. More often than not, planning policies address urban
issues by applying a macro solution to micro scale problems.
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ABSTRACT
Public spaces are a critical indicator of the health of a city. While
urban built environments impact the lives of over half the global
population, the process of public space development begs for better
understanding of the needs of citizens through improved methods
of civic participation. Urban development is traditionally addressed
through government-led initiatives and policy, usually applying a onesize-fits-all approach. On the other hand, bottom-up, human-centred
identification of issues and possible resolutions, stemming from a
grassroots level, have a better grasp of immediate parameters. The
gap between top-down and bottom-up information and planning can
be addressed through Circular Design. The Circular Urban Design
Wheel; proposed as a tool to guide the process, together with a unified
platform of data gathering and processing; gives information and
a voice to citizens, and can positively transform the development of
public spaces. Applying the feedback of market driven research and
iterative product development to public space, can allow for more
immediate improvements. The data platform would critically translate
the qualitative aspects of public space, including environmental and
social balance, into quantitative values. This will enable public spaces
to be suitably valuated within the civic assets of a city and result in
healthier cities.
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Solutions developed specifically at the micro-scale, however, are more
directly responsive and embody an understanding of the localized
conditions and required scale of intervention and timeliness.
Accordingly, they are Human-Centric by design. However, these
bottom-up solutions often lack a grasp of integration within regional
and national development plans and strategies. Efforts around the
globe to marry top-down planning with bottom-up initiatives have
still not achieved sufficient traction.
Public spaces of urban centers have long functioned as the public
sphere of the community, the platform within which citizens engage
in discourse and dialogue and communicate with government.
However, with the arrival of the internet and the dawn of the smart
phone, citizens have reclused to increasing individuality and isolation,
with remote access to information and communication having
drastically reduced the requirement of physical presence.
As a result, there has been an enhanced physical dispersion of
community, paralleled by the formation of new communities within
the new virtual public sphere. It remains, however, that our built
environment and the physical public arena, impact our individual and
collective well-being.
A city’s physical public arena should develop in a manner that is
continually informed and capitalizes on the “live connectivity”
that the internet provides with the target of improving the lives
of its citizens. The public space of a city affords the link between
government-led planning and human-centric solutions.
They are where citizen driven adaptations take place: from farmers
markets to spaces for airing grievances. What is required is the
enshrining of a new approach to community participation and
sharing of information within the city’s physical platforms; viewing
the public spaces themselves as a ‘product’.
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In this Age of Big Data, we are able to “model, (using) remote sensing
and crowd sourcing, and conduct simultaneous morphological
comparisons at global, national, metropolitan and local scales.” (Lohr,
2012) When merging this ‘live’ perspective with prior experimentation,
and solicited feedback on successes and failures, responses to urban
problems will be more directly effective.
Similar to a ‘product’ development approach, public space planning
should follow real market data and iterative improvements in the
growth of a City through the life cycle of each public project. This can
be achieved through using an implementation system, a Circular,
iterative Urban Design Wheel, as a guide to the process, together
with an information gathering and unifying platform, to share the
learning between stakeholders, and between cities.
2. DEFINITIONS
There is a great deal of debate on terminology and definition in the
field of city development. It is important that we reflect on some of the
terminology used and their definition within the context of this paper.
City

Large human settlements (defined starting at
100,000 residents), historically linked to the
development of agriculture, production of
food, cross-roads of trade, embodying systems
of; habitation, transportation, services and
communication. Currently home to over 4
billion people.
Derived from Latin civitas – civilization, civic
center

Citizen

Belonging to a City.

Civic Participation

Activity of obtaining citizen input.

Community

Group of people brought together by
commonality.

Measure of worth, based on its quality, not
quantity. Generally difficult to weigh against a
calculable measure.

Quantitative Value

Measure of worth based on quantity, a
calculable measure.

Policy

A code of behaviour
Derived from Latin politia – citizenship,
government; Greek polis – city, state

Sustainable

The ability of a subject to sustain, continue in
existence. Most often associated with positive
development to keep balance allowing for
continual equilibrium. A balance of social,
environmental and economic value.

Urban Public Space

A space defined for public use within a city,
through policy and by-law

Valuation

The translation of a qualitative value into
economic worth.

3. PUBLIC SPACE VALUATION: QUALITATIVE TO QUANTITATIVE
The built environment of a city, and its infrastructure in particular,
is the biggest investment a community continuously makes. Urban
development must be supported by efficient market-driven research in
a similar format to successful market products. Viewing public spaces
as products can enable their valuation, and consequently improve the
‘services’ provided within them.
It is imperative to enable municipalities, planners and designers
to approach city design as such: building prototypes that are
iterative, with measured Key Performance Indicators and directional
benchmarks; Public Space as Product. Research means used in
product development, including design-thinking, are essential to
understanding user needs. While the valuation of city assets has
usually reflected direct investment contributions, some cities have
been successful in developing valid approaches to valuate evolving
public space facets.

Derived from Latin communis – common,
public.
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Qualitative Value

Data

Information obtained through measured
means.

Metric

Interpretation of data into an indexed system,
a standard of measurement.
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Barcelona, for example, embarked on mass improvements of its
public space and has managed to transform the quality of life within
the city since the 1980’s. An online “Townhall” platform shows the
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4. THE CIRCULAR URBAN DESIGN WHEEL

improvements on a variety of factors, under the heading of ‘Ecology,
Urban Planning and Mobility,’ and provides indices on fluctuations in;
energy consumption of public space lighting and facilities, suspended
particles in the air and NO2 emissions around different points in the
city, individual home energy consumption adjusted by type of use
and time of day, noise mapping, and many other quantifiable aspects.
This information then allows for correlation of issues of location,
transportation, and even type of housing development.
Targets are placed to reduce energy consumption of the city,
increase lighting of public spaces, reduce pollution levels, optimize
transportation network, etc. with clear steps of action outlined by the
data. The resultant targets even include increase of street furniture in
particular areas, which then leads to more qualitative aspects, that are
more elusive to quantify. (https://ajuntament.barcelona.cat/en/)

Building on the concept of circular design, and circular economy,
the Circular Urban Design Wheel is proposed as a tool to develop the
public spaces of a city in alignment with the needs of its citizens. Data
collection, participation, and processing of feedback are key to the
rotation of the wheel, which continues to develop new solutions and
methodologies as demographics and needs change.
It provides a structured process for the development and design of
better public spaces.
Figure 1:
The Circular Urban Design
Wheel.

Qualitative aspects such as how a space makes a person feel, are
largely subjective, particularly across different interpretations of
value and variables in different communities. They can, however, be
quantified through metrics such as: the accessibility of the space,
the inclusiveness of facilities, the intrigue in layout, the distance of
sight through available vistas of view, the sounds of nature versus the
sounds of the city, and so forth.
For example, a report by TD Economists in the City of Toronto
estimated that the city’s urban tree canopy coverage was worth
seven billion dollars in 2014. The valuation was based on a birdseye assessment, and projected that this canopy coverage, of 30%
at the time, provided critical savings and environmental benefits,
which were converted to monetary savings in tax value; 80 million
dollars annually. This valuation enabled policy makers and citizens
to redirect the savings elsewhere, and translated to a new benchmark
target of achieving 40% canopy coverage.(Brownell, 2014)
Qualitative factors are included as objectives in the development
of many city guidelines but remain inaccurate to translate into a
metric valuation system, that measures their impact and enables
their effective management. Further, the valuation methodology
needs to ensure that the process captures the outliers’, as well as, the
mainstream users’ requirements.
Metrics will enable urban designers to learn more about the ‘why’
and ‘how’. A unifying valuation tool would allow the continued
sharing of information on such facets within the organization of a city
and, other cities.
To date, there are many entities, private and public, that are working
at capturing such qualitative metrics, however, they lack a common
indexing platform to consolidate the learnings of methodologies
employed. It is through iterative attempts at reaching the goal of
translating data into value metrics, that our city spaces can be
accurately evaluated.
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The Wheel is the framework and driver of iterative design. Each of
the “moments” of the design life cycle -Design, Build, Adapt, Perform,
Share and Learn- function as a weight, the impact of each being
equally important to the balance of the system. The ideal scenario
sees a regular and smooth motion of the process creating the ultimate
balance of: performance of the urban space, the responsiveness of
user feedback, and the improvement of the design process itself.
By focusing on the “share” and “learn” portion of the wheel, city
designers will be equipped to integrate local demands with regional
plans. The result will be sustainable development that is more
efficient in production, less wasteful of resources including public
funds, and is more responsive to citizen needs and demands.
Using the IDEO Human Centered Design toolkit or similar designthinking methodologies, is useful to assess problems empathetically
from the user’s perspective and respond with appropriate solutions.
(IDEO.org, 2015) “Interventions that are mutually reinforcing via
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positive feedback loops are favoured in the systems approach. Such
loops can be devised for almost any complex problem. In a systems
world, interventions focused on particular places (a region, city,
neighbourhood, block, street, or public plaza) is a more effective
means of organizing for social change than the traditional silos
approach.” (Romice, 2016)
Public spaces embody the parameters and facets of local and
municipal, along with human and national. If evaluation of the facets
of public space is unified under a single valuation tool, it can provide;
an overview of a city’s health, identifying which areas need attention,
and a clearer understanding of the evolution of public space facets
directly correlated with particular projects and experiments.

2. The Public Choice Stage translates this data into quantifiable
metrics that are processed using methodologies provided by
existing third sector organizations. While many platforms of such
organizations have achieved successful traction and developed
metrics for particular facets of the urban built environment;
(examples include: Platform for Accelerating Circular Economy,
UNGlobal Pulse, Innochain, University think-tanks, and open
policy Consultants such as Gehl Architects) collectively, they are
not coordinated and do not address the same indices or data points
in order to build comparable simulations. For change to happen,
multiple facets need to work and develop collectively – the ultimate
purpose of municipal and regional planning. (Croley, 2008; ‘Public
Choice’, 2019)
3. The Knowledge Modelling stage then provides information to all
stakeholders, particularly to guide designers, planners, manufacturers
and policy makers, to produce public space that more accurately
responds to market demand.
The framework of the process itself will evolve with continued
iterations. As a prerequisite for the application of this system, at least
the pilot iterations, it is assumed that this can only gain traction
in cities with sufficient smart phone penetration of over 50%, and
publicly accessible city planning policies and by-laws.
Amsterdam, one of the pioneering ‘smart cities,’ set up their Smart
City Online Platform in 2009 with the objective of integrating and
assimilating the metrics of various data, along with input from
citizens, third sector organizations and government - the same
base premise as the Agora Platform. Achievements have included
reduction of energy consumption in multiple areas of the city, and
live adaptation of traffic patterns based on volume of traffic, or to
streamline passage of emergency service vehicles. (JSG, 2018)

Figure 2:
Bottom-up integration
of information.

5. THE AGORA PLATFORM
With the objective of enshrining civic participation within the city
development cycle, a collection of data and processes is necessary to
comprehensively activate the feedback, or bottom-up, side of the loop.
The Agora Platform is proposed to bring together the tools of data,
processes and technology for the development of the physical public
space of a city.

CONCLUSION

The platform performs along three stages, all requiring stakeholder
collaboration:
1. The Social Choice Stage collects the abundant passive data
available from geo-tagging,tracking, spending locations, to sensors
covering everything from thermal conditions and pollution to seismic
vibrations. It integrates this with active data openly solicited from
citizens and local entities. (‘Social Choice’, 2019)
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The proposed open-source Agora Platform would have individual city
dashboards and collect information from the various stages of the
application of the Circular Urban Design Wheel. It would marry this
information with existing methodologies and processes that have
proven successful locally, and in other cities. Classification of as many
parameters and indices as possible into metrics, will enable crosspollination of ideas across cities in different parts of the globe, with
suitable adaptation to local conditions.
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The city is a growing organism that, with the passing of time;
evolves, and adapts to new technologies, trends and demands.
With continued rapid increase in urban populations, bridging the
gap between top-down planning and bottom-up information and
knowledge is increasingly becoming a pivotal issue. As governments
grapple with the fine line between embracing new technologies and
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technology/big-data-social-media-and-your-suburb-20190719p528t2> [Accessed 10 September 2019].
Green, Ben, 2019. The Smart Enough City: Putting Technology in Its
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Harris, Derrik, 2014. 5 reasons why good governments should
embrace open data. Gigaom.com blog post <https://gigaom.
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Figure 3:
Growth of Circular Urban
Design Wheel using
UNHABITAT Urban System
Methodology (UNHABITAT,
2018).

managing their impact, the driving force becomes that of economics;
quantitative, rather than qualitative values. Public space, as the
platform connecting citizens with government, is becoming more
and more important within this ever-rapidly urbanizing world. By
enshrining civic participation within the development process of
urban public spaces, we are better enabled to achieve a balance of
quantitative and qualitative values for citizens and cities.
By building on data and information available, it is the goal of the
Circular Urban Design Wheel and the Agora Platform to create a
clear and well referenced database of information and innovative
perspectives on the live metrics of a city, in continuous update. The
Circular Urban Design Wheel will evolve as it is applied, and iterated,
in parallel to the collection and processing of information on the
Agora Platform. The methods of participation, data analysis, crossreferencing of information, and the output of indices and intelligence,
will continue to evolve the more iterations are carried out, increasing
the level of impact of civic participation. This will not only impact
individual public projects and public policy, but will ultimately
become the seed of smart cities around the globe.
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1. INTRODUCTION

MATERIAL RECALIBRATION

Within the discussion of circular design practice there is an emphasis
on enhancing the performance of the built environment by way of
optimization and management of resources through deploying
digital technologies. This is echoed in the very call for this conference
with the following question posed as a central theme: Which digital
technologies have the power to enhance the performance of and with our
urban built environment?
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ABSTRACT
This paper presents work aimed at expanding the lenses through
which designers engage software-embedded projects in order to
foreground the complex interplay between materials, computational
elements and real-world outcomes. The first part of the paper
introduces software-embedded design as a form of praxis where
designers embed computational components as project elements.
It argues for new forms of literacy, to better situate embedded
computational components as directly impacting social project
outcomes and proposes a reconceptualization of computational
elements as soft materials –bringing them into the designer’s
domain of responsibility. The second part of the paper responds
to the above call and proposes the Project Anatomy framework
through which to dissect SED projects in order to better grasp the
complex entanglements between participants, actions and material
components. The framework draws out new understandings of the
relationship between a project’s material composition and its realworld outcomes. The paper concludes with a reflection, supported
by sample framework output, around issues such as user agency,
technological determinism, and impact (mis)alignments between
projects’ physical and virtual materials. By engaging a project’s
technically-oriented material make-up alongside its sociallyoriented aspects simultaneously we are better equipped to maintain
connection to the complex conditions in which SED projects operate.
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Asking these questions is particularly appropriate as architects,
through a practice labelled here as Software Embedded Design (SED),
are increasingly bundling digital components together with physical
assemblies in their pursuit of a digitally-driven architecture, where
hardware and software work together with physical assemblies to
mediate the physical environment in real time. Yet, while SED as a
form of design practice is gaining traction, its relationship to the
notion of performance should not go unchecked. Specifically, we need
to consider what an emphasis on performance, usually characterized
by technical notions such as efficiency, economy, and optimization,
means in terms of the values and outcomes embedded and reinforced
through SED projects.
Supporting this line of reasoning we can look to Ben Green’s recent
book, The Smart Enough City (2019), in which he warns against using a
technologically-focused lens to envision urban futures; Green argues
that as long as optimization and efficiency define the objectives
used to conceive, motivate and evaluate digitally informed resource
management and distribution initiatives, such projects will inevitably
produce inequities, bias, breaches of privacy, and other attacks on
social values.(Green, 2019) In other words, by focusing on what can
easily be measured, managed and evaluated we will likely lose sight
of the (often) intractable complexity, ultimately defining the urban
condition, of the sites in which projects such as these operate.
Certainly, none of this means that we should turn our back on
the potentials of embedding digital technology within the built
environment. Even while Green cautions about the ill-effects of tech
goggles(Green, 2019, pp.4-6), he, alongside many others (O’Brien, 2018;
Loukissas, 2019), maintains that technology should be embraced as a
powerful tool but only when used in conjunction with other forms of
social change.
Building on the context outlined above, this paper presents ongoing
work aimed at expanding the lenses through which designers engage
software-embedded projects in order to foreground the complex
interplay between physical materials, computational elements and
real-world outcomes. Through a discussion of a proposed analytical
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framework, the paper works to stitch together performance-oriented
readings of technologically driven projects with complementary,
citizen-minded perspectives.
The paper is organized in two main sections: Section 2 first elaborates
on the SED typology and then outlines a call for a more robust notion
of design-oriented computational literacy – where designers’ critical
engagements with embedded computational components match the
engagements they have with physical project elements. The section
concludes with an argument for a material-turn with respect to the
computational elements used in SED aimed at supporting these new
forms of literacy. Section 3 responds to the arguments and obligations
outlined in section 2 and proposes a Project Anatomy framework
through which to dissect SED projects. The framework highlights the
complex entanglements between participants, actions and material
components comprising SED projects and aims to support readings
of SED works which draw out new understandings of the relationship
between a project’s material composition and the values/outcomes it
supports in the real world.
2. NEW OBLIGATIONS AND NEW MATERIALS FOR SOFTWARE
EMBEDDED DESIGN
2.1 SOFTWARE EMBEDDED DESIGN
Software-Embedded Design (SED) projects directly engage
computation by integrating custom software through code/data
bundles, to actively mediate project outcomes and behaviours through
time and space in order to empower individuals in creating new
inclusive ways to organize, use and shape the places they live. SED
differentiates itself in that it doesn’t merely engage computation
during the design phases of a given project but additionally integrates
custom software to actively contribute to a project’s outcome in
time and space. In other words, in SED projects, the computational
components leave the studio environment as an integral part of the
project and remain online to mediate, in real-time, its performance
out in the real world. SED projects are wide-ranging and engage
opportunities found in automated analysis (De Monchaux, 2016),
participatory platforms and mobile computing (Verhoeff & Wilmott,
2016), and responsive architecture (Bier & Knight, 2010).
In the past decade, numerous architects and allied designers have
engaged SED to create computationally-enabled interactive systems
as a way to build new knowledge and capacity in optimizing and
managing urban resources: A project combining human memories,
city planning and virtual reality, Palimpsest, a UCL Bartlett School
of Architecture project authored by John Russell Beaumont, Haavard
Tveito, and Takashi Torisu, evokes the potentials of informationinspired visualization to create more inclusive planning practices,
using emerging technology to directly connect communities,
governments, and developers in conversation. (Beaumont, 2016)
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Specifically, the project utilizes emerging digital technologies in
virtual reality and 3D scanning to improve community engagement
and participatory design in urban development projects. Palimpsest
allows communities to digitally archive neighbourhoods, homes, and
urban spaces that are important to them and that may be impacted by
development projects. It also provides a platform for all stakeholders
involved in urban development to collaborate by sharing stories,
opinions, and proposals. Another project, Benchmark, by MIT’s Civic
Data Design Lab combines the design of benches and sensor systems
into tools for improving understandings of how public spaces are
used. Benchmark moves beyond simple metrics such as counters,
to include nuanced issues around the social operation of the public
space in its ability to influence and encourage interactions.
(Civic Design Lab) Amphibious Architecture by the Living Architectural
Lab and collaborators (Woebken, 2009) deploys a water-based network
of sensors and light beacons designed to support collective interests
in the environment by celebrating and promoting data-collection by
way of an eye-catching dynamic light display installed in New York
City’s East and Bronx rivers. Digital Matatus, a collaborative project of
the University of Nairobi, Columbia University’s Center for Sustainable
Urban Development, MIT’s Civic Data Design Lab, and Groupshot,
seeks to make public transit in the developing world more efficient
and open (Williams et al, 2015). The project developed custom mobile
apps to support more effective collection of Nairobi’s semi-formal
bus networks. The collected information was used to produce more
efficient, legible and standardized bus routes for the city.
In each case, project authors identified resources (such as local
knowledge in Palimpsest, public space in Benchmark, or bus network
in Digital Matatus) and engaged them through new, digitallysupported interfaces as a way to make their respective resources more
legible and accessible and, in some case, better managed. Through
works like these, architects and allied designers are addressing
notions of performance and optimization through drastically
different approaches emphasizing the potentials of participatory,
inclusive, and decentralized initiatives.
2.2 NEW MATERIALS, NEW OBLIGATIONS
Many SED projects operate with socially-minded agendas while
simultaneously increasing the number and extent of links between
computational elements, material elements and project outcomes.
Yet, these embedded computational components, such as data,
algorithms and code, have, in and of themselves, direct socio-political
and ethical agencies (Fuller, 2003; Dourish, 2017; Loukissas, 2019);
agencies that, if neglected, could be operating independently from,
or even counter-acting, the effects planned for in the design of the
physical project components (Przybylski, 2018). This adds complexity
to how we might assess project impacts: It points to a new set of
obligations and methods aimed at supporting architects’ engagement
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with their projects’ computational elements so as to support the same
level of engagement currently exhibited towards physical project
elements (Przybylski, 2018a). To support these deeper engagements,
we propose a reconceptualization of the computationally-oriented
components used in SED projects whereby the digital components are
not decoupled, through their perceived immateriality, from a project’s
physical dimension and instead thought as soft materials, materials in
and of themselves, and thus constituting part of the project’s material
assembly (Przybylski, 2018). (Figure 1)
This materialistic reconceptualization, brings computational
elements back into the domain of the designer and explicitly
managing their roles in shaping outcomes (be they material, spatial,
social and ethical) becomes part of the design solution.
In the context of circular design and its concerns with resources
– typically considered as material good and energy – this
reconceptualization is further worthwhile given that in today’s cities,
as supported by the SED works discussed, data and algorithms are
an emerging resource and thus including them in discussions on
resources in relation to circular design practices shines light on new
opportunities and questions.

As producers of the material assemblages constituting their design
work, SED designers need to be literate and possess agency with
respect to the social, cultural and political effects across the entire
assembly – and this includes not only the physical material outside
the computer but the digital material inside the machine and
the connection between the two. As projects move from test bed
environments to real-world deployments (Sheppard, 2011, pp. 16-37)
it is no longer enough to only have methods that integrate data/code
bundles into a design project but new methods are needed to engage
with soft materials critically throughout the design process and
beyond. (Figure 2)
Figure 2:
As projects move from
test-spaces with relatively
minimal risks, to real-world
applications with potentially
more
serious outcomes, we need
to incorporate a broader
set of concerns, including
social, political and ethical
awareness,
to acknowledge the projects’
increasingly complex
context.

Figure 1:
Soft Materials: How do our
relationships with data,
code implementation,
hardware configurations and
algorithms change when we
consider
these soft materials
as part of a projects
material assembly?

3. PROJECT ANATOMY FRAMEWORK
The second part of the paper introduces the Project Anatomy (PA)
framework intended to support richer engagements with SED
projects’ materialities; it dissects SED work in order to draw out new
understandings of the relationship between a project’s material
composition and the values/outcomes it supports in the real world.
The framework delivers a project’s anatomy, understood as the
combination of its stakeholders, operational affordances and material
composition and the relationships between them. The analysis
is comprised of two main sections. 1) The Participants & Actions
section presents a stakeholder-centred view of each SED project by
enumerating stakeholders for each project and a corresponding list
of actions through which they can engage it. 2) The complimentary
Material Make-Up section, which presents a project’s internal material
assembly as an interrelated hybrid construction of both hard and soft
materials, describes how the project’s material assembly supports
identified actions.
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3.1 PARTICIPANTS & ACTIONS
The first section describes a project’s participants and actions the
project supports and the corresponding relationships between the two.
Participants. We have identified five categories through which to
organize participants: Citizens, Community Groups, Organizations,
Non-Human Species, and Environment. (Figure 3) In addition to these
primary divisions, some participants can take on additional attributes
such as active/passive or situated/remote. Active marks whether a
stakeholder is consciously and deliberately participating in the project
and passive indicates that contributions are made without deliberate
engagement. As the opportunity to engage with an SED project is
often not limited by physical proximity, some participants are further
differentiated in terms of their situatedness – users are considered
either situated, where their physical location/proximity to the project
governs the nature of the engagement, or remote, where they engage
with the project regardless of their physical location, usually by using
some type of information communication technology.

Figure 4:
The Project Anatomy
Framework identifies 9
types of actions available
to participants. Actions
are organized along a get/
set spectrum in order to
characterize the nature of the
action: Get actions deal with
use cases primarily defined
by accessing or retrieving
project amenities while set
actions see participants
assign or manipulate states
of the project.

These use cases are organized along a get/set spectrum in order to
characterize the nature of the engagement: Get actions deal with use
cases primarily defined by accessing or retrieving project amenities
such as experiencing a project’s atmosphere, retrieving available
datasets. Set use cases deal with actions where participants assign or
manipulate some values or states of the project such as rearranging a
project’s material assembly, providing new data points or information,
adapting how a project collects, processes and uses data.In between
there are a suite of actions that mix get and set activities in some
combination.
These two sections are connected through lines linking participants
to the actions available to them. Figure 5 presents the Participants
and Actions results when applied to Amphibious Architecture, earlier
described.

Actions. We have identified nine action types available to project
participants and track their presence in each project: Configure,
Deploy, Contribute, Be Sensed, Query, Use, Collect, Learn and
Experience (Figure 4).

Figure 3:
The Project Anatomy
Framework organizes
participants into five
categories and two
subcategories.
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Figure 6:
Project anatomy of Digital
Matatus.

Figure 5:
Participant and action
portions of the Amphibious
Architecture project anatomy.
For each scenario of how
the project is engaged with,
a slightly different coloured
connection flows between
the participant and the
action they are initiating
(setting) or receiving
(getting). Bars above each
participant count the
number of actions they
initiate and receive. Solid
connections represent
intentional actions, and
dotted lines show passive, or
unintentional actions.

4. RESULTS & REFLECTION
Through these examples we see that the PA sheds light on a variety of
aspects of a given SED project. The lists of participants and actions
offer both explicit and implicit information with respect to the terms
by which the projects are considered via the framework. On the
one hand, the stakeholders listed in each project signal the explicit
opportunities and scenarios that the project addresses. On the other
hand, understanding which user groups are absent and which actions
are available to which users shed additional light on issues around
access, equity and participation.

3.2 MATERIAL MAKE-UP
The framework’s second section exposes the material composition
of the SED project. Materials are identified and organized into
three main categories: 1) Soft Materials are computational elements
embedded in the project and include things such as data streams,
databases, algorithms, software implementations. 2) SED-ware are
physical elements used in the project that are directly supporting
the soft materials and often acting as a link between the real and
virtual worlds. Examples of SED-ware include sensors, actuators,
microcontrollers and conduits. 3) Hard Materials are any additional
physical materials used in the project. In the case of the Benchmark
project described earlier – the wooden benches would be considered
Hard Materials. The material make-up section additionally includes
two types of connections: Lines drawn between materials articulate
the interconnections between elements of the project’s material
composition – exposing how the three material types are stitched
together and highlighting degrees of material dependencies in
the project. A second set of connections links the actions form the
earlier section to the materials thus highlighting which materials are
engaged in service of particular actions.
Joining these sections together, we arrive at a single diagram that
captures the project’s anatomy and shedding light on a variety
of aspects of a given SED project. Figures 6 and 7 present Digital
Matatus’ and Benchmark’s Project Anatomy respectively.
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For example, when we compare Digital Matatus to Benchmark, it is
possible to read the densities and directions of connections to make
distinctions about how engaged the participants are in the inputs and
outcomes of the projects. In Digital Matatus, there is a wide range
of participants, almost all of whom have both set, and get actions,
meaning they have influence over the data or processes, and they also
gain knowledge, efficiency, and/or mobility from the project outputs.
This creates potential for feedback loops, where a circular process
has participants shaping, and being shaped by the project. Looking
at Benchmark in comparison, the project is much more focused on
sensing and collecting. There is more passive involvement in the
project, and fewer participants receive project outcomes. This reveals
a project that, in its current state, has less potential for circular
feedback and foregrounds surveillance for the purposes of analysis.

Figure 7:
Project anatomy of
Benchmark.

The Project Anatomy also exposes the blend of material types at work
in a given project and the degrees to which they are interconnected.
When looking at the above examples, the robust suite of sensing
equipment and the associated databases in Benchmark reads strongly
the drawing. This suggests that this project is well equipped to adapt
to different methods of evaluating interactions and performing
analysis to better understand the relationship between social
interactions and the built environment.
By linking the materialities back to actions and then linking action
back to stakeholders we build an understanding of the dependencies
and exclusions between project materials, actions and participants.
By driving the analysis through this perspective, project participants
serve as the critical link between the projects’ inner-workings and its
broader implications.
While this framework gives us insight on participant interactions with
the hard and soft materials comprising the project, ongoing work
is being undertaken with the goal of measuring the agency of each
participant in the project, as well as the value gained and potentially
lost for each participant. These outcomes can be compared to the
project’s intended values and goals to test whether the soft materials
and SED-ware in the project support or conflict with the project’s
intentions. To get to this level of analysis, a shift from a black-box
understanding of the project to a white-box understanding, informed
by the project authors, will be necessary to accurately characterize the
project’s goals and delve further into the inner-workings of the data
and software involved in the project.
5. CONCLUSION
The paper argues that a materialist account of embedded
computational components can serve as a way to complement
performance-oriented engagements with SED by exposing alternative,
harder to measure, perspectives centred on social and ethical impacts
and outcomes. The Project Anatomy framework finds new purchase
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on materially-oriented, socially-minded engagements with the
computational components increasingly proliferating in our built
environment. The framework offers an alternative lens through which
to consider SED projects by presenting the entanglements between
participants, operational affordances and material composition and
the relationships between them. By engaging a project’s technicallyoriented material make-up alongside its socially-oriented aspects
around modes of participation and forms of access, the framework’s
output resists simplistic technologically-situated views of SED work
and, instead, supports complementary engagements that maintain
a connection to the complex urban condition in which these SED
projects operate.
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Sustainability (IDfS) strategies. The project is aligned with European
Circular Economy policies and contributes to the realization of a more
sustainable society. The project has four objectives: (1) to increase
and improve the learning strategies of Design for Sustainability;
(2) to gather and cluster open educational resources and training
courses for industry staff and academics in Innovative Design for
Sustainability; (3) to train up innovative and entrepreneurial students
designers who are capable of dealing with a transition towards
Design for Sustainability as a mainstream design approach, and (4)
to establish a basis for a permanent and active European Network of
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The project was formed by 12 partners who are organised around four
country hubs in Ireland, The Netherlands, Catalonia and Sweden.
Each country hub consists of one university with education and
research in Sustainable Design, one design company with expertise in
sustainable design and one national design association.
The researchers and professionals involved with the project
demonstrate how an interdisciplinary co-design approach tackling
wicked design problems can develop viable sustainable and product
service systems in partnership with SMEs and students.
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ABSTRACT
Design has a key role to play in developing innovative solutions to
current local and global challenges – approaches that must consider
the needs of end users and integrate sustainability criteria in
processes and strategies for creating products and services.

Following this line of thought, this paper will introduce an internship
programme that builds a collaboration among institutions and
businesses, while enabling novice designers to experience real-life
challenges and developing sustainable design solutions that can
transform business practices to address issues of sustainability.
Therefore, a total of 11 projects were performed by 48 interns and
16 industry partners. Addressing environmental problems 7 of them
were focused on sustainable product solutions and 4 of them offered
solutions to enhance the implementation of circular processes in the
urban environment.
As a reinforcement for the project’s mission, it was recognized as
a best practice under the umbrella of the World Environment Day,
promoted by the Barcelona City Council.

The Circular Design – Learning for Innovative Design for
Sustainability (L4IDS) project is a three years Erasmus+ Knowledge
Alliance financed project, within the social business and the
educational innovation field. The project’s goal is to support the
development of skills necessary to promote sustainable production
and consumption of products and services in Europe.
This is achieved through a knowledge co-creation process and
a collaborative action research framework, which led to the
development of training materials in order to teach and train
students, academics and enterprise staff in Innovative Design for
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1. INTRODUCTION
The Circular Design - Learning for Innovative Design for
Sustainability (L4IDS) project is a three years (2016-2019) Erasmus +
Knowledge Alliance financed project.
The project leads an increase and improvement of the learning
strategies of Design for Sustainability, and identifies opportunities
for sustainably designed products and services as well as business
opportunities in both higher education institutions and industries
in the four partner countries.

•

The development of three Training Co-creation Workshops and a
Professional Development Course in Circular Design that will be
soon available as an open source tool.

The concept of sustainable design as a specialism within design,
business and manufacturing is not a new one. Writers and educators
such as Victor Papanek (1971), Buckminster Fuller and Snyder (1969)
were advocating a change in the way we taught students how to design
and look at the world in which they live. In parallel with this, many
other experts (Carson, 1962), (Lovelock, 1979) were highlighting the
difficulties being caused by industrialization and global trade in
the natural environment. Issues such as the dramatic impact of the
global population on ecosystems; the strains on the global and local
economic systems and the challenges meted by social inequity were
starting to be raised by scientists, economists and even designers as
early as the 1960s. These are now finally accepted as real problems for
today’s students and professionals and for the world as a whole. They
now provide clear opportunity both to graduates and to businesses as
fields in which they can provide and develop expertise with a view to
mitigating past and future problems.

Common goals among Circular Design partners are to train up
innovative and entrepreneurial designers and non-designers
capable of dealing with a transition towards Design for
Sustainability as a mainstream design approach, as well as to
promote cooperation and mobility with the EU’s partner countries.
The researchers involved with the project demonstrate how an
interdisciplinary co-design approach to tackling ‘wicked design
problems’ can develop viable sustainable product and product
service systems in partnership with SMEs and students.
The project is aligned with European Circular Economy policies
and contributes to the realization of a more sustainable society.
The following project outcomes are presented:
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The Circular Design Digital Fabrication Lab Handbook to
introduce students, partner, companies and academics to the
open-source, participatory, experimental and design & build
approach within digital fabrication labs.

2. CONCEPTUAL FRAMEWORK

This is achieved through a knowledge co-creation process and
a collaborative action research framework, which led to the
development of training materials in order to teach and train
students, academics and enterprise staff in Innovative Design for
Sustainability (IDfS) strategies.

•

The Best Practice Publication, shows the whole design process,
materials, challenges, problems and other key issues of 10
Circular Design case studies within sectors like technology,
furniture, clothing, lighting or packaging, to demonstrate
that circular design strategies can be applied to improve the
efficiency of almost every system.

•

The Open Educational Resources database (http://
circulardesigneurope.eu/oer/) where resources in Circular design
are clustered in three taxonomies: Categories (First-timers;
Practitioners), Level (Beginner; Intermediate; Advanced) and Tags
(calculator; report; …).

•

•

Mobility scheme, four international one semester internships were
developed for undergraduate design students. Four universities
were involved in the project with the participation of 16 companies
and 48 students.
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Several studies have compared efforts at different institutions with
regard to the inclusion of sustainability within design (engineering)
curricula. Based on experiences at three European undergraduate
programs, Dewulf et al. (2009) explores how to truly integrate
sustainability in a program beyond a single module. Also studying
multiple programs, de Eyto et al. (2013) makes a first attempt at
exploring the impact of such integrated teaching on the professional
careers of designers and engineers. Finally, again based on
experiences from multiple institutions, Wever et al. (2015) gathers
early experiences from educators in teaching a circular economy
perspective to designers, exploring how the required skill set is
different from regular design as well as design for sustainability.
There is growing evidence that the design business has a keen
appetite for graduates who have a sustainable literacy as an integral
part of their undergraduate skill set (de Eyto, 2010). Unfortunately,
many educators are at odds with each other as to how to effectively
implement this subject. Opinions diverge from arguments on
stand-alone courses (Kliucininkas, 2001), to others for embedding
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sustainable development inherently into all third level programs
(Jucker, 2001); while the most radical re-builds the entire curriculum
with sustainable development underpinning it (Mulder, Segalas,
Ferrer, 2012). Besides education also businesses are starting to
address the lack of capacity in sustainable design practice (O'Rafferty,
O'connor, 2006).
The UK Design Council’s Scoping Report from 2005 (Richardson,
Irwin, Dherwin, 2005), it undertook a broad brush assessment of
existing Sustainable Design Education in the UK and compared it
to what they term Mainstream Design Education. They concluded
that many of the differences between Mainstream Product Design
Education (MPDE) and Sustainable Product Design Education (SPDE)
mirror the differences between Mainstream and Sustainable Product
Designers. The report states that in general, MPDE still focuses
primarily on equipping students for positions within mainstream
product design which sees the mainstream marketplace as providing
the main employment opportunities. (Richardson, Irwin, Dherwin,
2005)
Research conducted by de Eyto, McMahon et al (2008) concluded
that there were various limitations to the nature of DfS within higher
education in most EU countries. Specifically, the fact that while DfS
was topical and of interest to undergraduate and master’s students,
the teaching faculty in many of the EU design HEIs (Higher Education
Institutes) were limited in their capacity to deliver high quality case
studies and DfS expertise.
A variety of new programs and initiatives have developed since the
late 2000s which have sought to address this imbalance in design
education. (Under)graduate Design Programs at TU Delft (NL) (Boks,
Diehl, Wever, 2006) (Wever, Peck, de Eyto, 2013), Loughborough
University (UK), University of Limerick, Institute of Technology Carlow
(IRL) and others developed specialist modules in DfS as a means to
integrate it within the standard curricula. In addition, many other
engineering and industrial ecology programs throughout the EU have
included DfS and Circular Economy (CE) as a specific area of study
within their programs.
3. METHODOLOGY
Integrating principles of sustainability, and its design-related
competencies, throughout design education is a holistic approach that
can result in deep learning over an extended period of time.
Such integration, however, should involve differing perspectives of
academic staff in a holistic manner, while at the same time ensuring
that core competencies related to design education are still being
conveyed to future designers (O'Rafferty, Curtis, O'connor, 2014). In
order to ensure that issues of sustainability are addressed properly
and not just as an additional consideration in design courses, a more
hybrid approach should be developed and adopted in education
(O'Rafferty, Curtis, O'connor, 2014) (Boks, Dielh, 2006).
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In addition, continued professional development of academics is
also necessary to keep up with ongoing changes and advancements
around the topic of sustainability (O'Rafferty, Curtis, O'connor, 2014).
Collaboration and knowledge exchange among different institutions
to build educational capacity (O'Rafferty, Curtis, O'connor, 2014)
(McMahon, Bhamra, 2012) and between universities and industry
to transform business practices (Küçüksayraç, Wever, Brezet, 2017)
is crucial. Following this line of thought, this paper will introduce
an internship programme that builds such a collaboration among
institutions and businesses, while enabling novice designers to
experience this complex relationship first hand in developing
sustainable design solutions that can transform business practices.
As part of the Learning for Innovative Design for Sustainability
(L4IDS) Erasmus+ Knowledge Alliance project, four European
institutions with design departments [Universitat Politècnica de
Catalunya (UPC) in Spain, University of Limerick (UL) in Ireland,
NHL University of Applied Sciences (NHL) in the Netherlands, and
Linköping University (LiU) in Sweden along with four design led SMEs
(Small to Medium Enterprises) and three National Design Agencies]
aim to develop a training and exchange programme for Circular
Design with an adoptable schedule conforming to the structures of
these schools. The aim of the programme is to promote a culturallydiverse, interdisciplinary working environment for students from
varying backgrounds (i.e. Product Design, Business, Materials
Science). There are two main goals for this internship:
1. to develop an adaptable training programme with standardised
educational tools and techniques, which can be integrated into many
existing design departments around Europe. This, in turn, can build
interdisciplinary capacity within those departments to train future
designers with a comprehensive understanding of sustainability, as
well as ways of undertaking innovative design practice to tackle its
issues.
2. to create training opportunities for novice designers and other
disciplinary students on working in multi-cultural training
environments and tackling the issues of different local contexts and
local industry, through setting up student exchange programmes and
bringing industrial partners into the training programme.
3.1 ACTION RESEARCH AND DESIGN EDUCATION
This internship programme is being developed by four higher
education institutions in four different EU countries, who share
similarities on their approach to design education (i.e. practicebased learning in studio environment) and present differences in
structuring of curriculum and content (e.g. duration of bachelor
education, courses, trainings, access to workshops, etc.).
This complicates the development of a standardised internship
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programme with respect to the students differing backgrounds and
inclusion of the programme in existing curricula.

Figure 1:
Collaborative Action
Research Framework
developed in the Circular
Design (L4IDS) project,
indicating the
internship cycles.

On the other hand, the focus of the internship (i.e. sustainability and
circular design) clarifies the common educational goals that help
structure the internship programme. Hence, four higher education
institutions agreed upon adopting an action research methodology
through iterating the internship programme by reflecting on and
building upon the previous implementation of it, and providing
reflections and guidance for the subsequent internships.
Action research is a commonly used methodology in educational
contexts for the continuous development of curricula and educational
content, as the distinction between them (i.e. development and
education) is removed, and they are brought together as research
(McKernan, 2008). The educators’ role changes significantly as well;

Hence, in line with the action research cycle steps of reflection,
planning and action (McNiff, Whitehead, 2006), the collaborative
action research framework in Figure 1 was developed. The first
internship programme was planned in UL from September 1st to
November 30th, 2017. Upon its completion, researchers will reflect
on the internship and its outcomes, and this reflection along with all
the internship material developed will be sent to the next institution
(i.e. UPC, Spain). The educators/researchers in the second institution
will review the materials, reflect on the first internship and further
develop the internship structure and content. The outcome of this
process will be a comprehensive internship programme to train the
next generation of designers for a sustainable future, which can be
conducted in different design schools all around Europe.
For this framework, the knowledge transfers among lecturers/
researchers needed to be well- structured to ensure the continuation
of the action research cycle thus reaching meaningful outcomes.
The internship programme was developed according to key learning
outcomes that were devised at the beginning of the first action
research cycle:
-Creating the environment for interns to self-learn and experience the
necessary tools and techniques for Circular Design.
-Facilitating learning for innovative, sustainable design for both the
interns and the industry partners throughout the design process.
-Present the potential of innovative design tools and techniques for
sustainability and circular economy as applied to real-life innovation
processes.

they become researchers that perform continuous self-evaluation and
work on the problems they identified (McKernan, 2008).
The development and the goals of this internship programme are
beyond the capabilities of a single researcher. The attempt to create
a programme repeatable within different curricula and content, no
less an exchange programme to bring together interns of different
understandings on issues of sustainability and the development of the
programme requires a collaborative framework.
In the case of education in general, collaborative action research
brings together lecturers, human resources and researchers in
an attempt to improve pedagogical practice and contribute to
educational theory (Oja, Smulyna, 1989).
However, in this case of developing an adaptable Circular Design
internship programme, different institutions from different cultural
backgrounds and pedagogical perspectives are involved and the
development of the programme requires reflection of the involved
researchers on the existing design education.
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To enable clarity for the interns and industry partners, and to let the
interns experience an innovative design process from the beginning
until the end, the internship programme is structured in four phases
(i.e. Research, Ideation, Detailing and Prototyping).
In the research phase, the interns gain the experience of collecting
different kinds of input from various stakeholders and develop a
focused design brief through understanding the context around their
projects.
In the ideation phase, they develop various design solution ideas to
explore potential solutions and evaluate those ideas according to their
design briefs. In the detailing phase, the interns develop their idea
further to address all aspects of their design brief and finalize the
design solution. In the prototyping phase, they build prototypes of
their solutions and develop communication material to convey their
solutions addressing the sustainability issues defined in their briefs to
industry partners.
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These phases also provide researchers with a structure to collect
and analyse data throughout the design process. At the end of each
phase, a group discussion with all interns is conducted to gather their
insights and provide feedback to the next internship cycle.
These group discussions revolve around their experiences throughout
each phase, with regards to the design tools and methods they use,
their communication with various stakeholders – including their
industry partners –, masterclasses they take, and any other process
they go through. These group discussions are voice recorded for
analysis. The analysis is done according to the topics that emerge
from these discussions.
3.2 INTERNSHIP RESULTS: FOCUS ON CIRCULAR PROCESS IN THE
URBAN ENVIRONMENT
The internship programme was announced in the four partner
universities, calling for students of varying backgrounds that were
interested in issues of sustainability and wanted to experience design
for sustainability in real-life contexts. The industry collaboration,
interdisciplinary nature and multi-cultural approaches of the
internship were clarified in this announcement.
The applications were assessed according to academic and design
performance, evidence of team work, interest in design for
sustainability and demonstration of motivation to take part in this
internship. As a result of this assessment, 48 interns from different
backgrounds (i.e. Product Design, Business, Materials Science) were
selected to participate.
Therefore, a total of 11 projects were performed by 48 interns and
16 industry partners. Addressing environmental problems this
paper focuses on those 4/11 offering solutions to enhance the
implementation of circular processes in the urban environment,
described as follows:
-

-

Preventing Food Waste with Southern Regional Waste
Management Office, Limerick. Reimagining the food waste
management in/around Limerick and develop solutions for
prevention and reuse of food waste. This project identifies the
issue of excessive amounts of food waste produced by citizens
and the cultural implications of this issue. The project aims to
intervene into existing models of discarding food waste and its
waste stream to explore ways of preventing food waste in the first
place.
Selective separation of waste in the workplace. PC Recircula, a
project that promotes the circular economy in the use, purchase
and responsible management of resources and waste of
Universitat Politècnica de Catalunya.

-

Material innovation for urban application. ZICLA, a company that
innovates with recycled products and with the management of
residues.

Beestreet project with the Municipality of Leeuwarden.
BeeStreet is a popular shopping street of Leeuwarden in the north of
the Netherlands. In this street new initiatives are being developed in
relation to green energy, flora, water, and art. The project consisted in
developing a solution in to help BeeStreet use natural resources such
as rain water to benefit the street and surrounding infrastructure.
Although the challenges of each of the projects are quite diverse, they
were regarded in the scope of the Circular Economy. These projects
were well-aligned to observe the implications of Circular Design at
different scales and how this internship programme can train the
next generation of designers to respond to the diverse challenges
imposed by a Circular Economy approach.
4. CONCLUSION
The Circular Design project builds on the experiences of the
undergraduate and masters’ level of learning around DfS and links it
with SME needs in a CE environment. Many of the DfS programs that
currently exist have a real challenge in implementing their learning
within societal and industrial contexts. The multidisciplinary
educational practice that use co-design methodologies alongside of
CE strategic approaches are providing a link between stakeholders
within the real economy. i.e. the SME sector and the students.
Much of the literature suggests why and how we could implement
sustainable and circular design in industry; but practical examples
exploring the realities of what this means and the resultant
compromises, confusion, conflict and complications, are limited.
It is necessary to introduce novice designers in education to the
complexities of sustainable design and circular design, and the
challenges in introducing it in real-world contexts.
University is a great environment for this purpose as it provides the
flexibility to build collaboration with industry and to enable novice
designers to experience these challenges first hand. Through selflearning approach, interns learn how to access and critically reflect on
the changing and advancing knowledge on sustainability and design,
and then apply it to their work practice.
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ABSTRACT
500million population that is going to live in urban areas in Africa
in 2020. 90% of whom are still living in slums (UN Habitat). (UN
Habitat) The problems of African societies are often depicted by our
media as just an object for humanitarian aid. However, the African
Fabbers Project [AFP], after more than 10 years of applied research
activities between Morocco, Ghana, Mali, Burkina Faso and Senegal;
, agrees with major international analysts and agencies on the fact
that three powerful positive trends are likely to sustain Africa’s
growth in the coming years. According to the above-mentioned
aspects, the paper will summarize the investigations developed
on sub-Saharan architectural typologies from the traditional and
informal urban configuration to the Tropical House experiments
of Jean Prouve in order to develop ecological paradigms for African
Fabbers Cities. Therefore, the paper will explain the different phases
of the project from the implementation of the African Fabbers School
[AFS] in Douala (Cameroon) as a possible urban driver for training
programmes and community-oriented projects bridging digital and
traditional manufacturing. With this cultural premise the [AFS],
realised in partnership with COE ngo in the framework of the Cam
on project, has involved also local artisans and students of the Laba
/ Douala in the design and the realisation of the first scale 1 to 1
prototype of the African Fabbers House.
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First of allAs mentioned by UNDP the African continent has a
young population with a growing labour force, – a highly valuable
asset in an ageing world. In 2034, Africa is expected to have the
world’s largest working-age population of 1.1 billion. Therefore, an
innovative education system is needed in order to respond to the lack
of universities in the region and to create new stable and qualified
jobs. Secondly, Africa is still urbanizing and much of the economic
benefit lies ahead. Productivity in cities is three times as high as
in rural areas and, over the next decade, an additional 187 million
Africans will live in cities, according to the United Nations. This
urban expansion is contributing to rapid growth in consumption by
households and businesses, but at the same time is generating social
and environmental problems. As a matter of fact, a new model of
circular economy has to be researched within an interdisciplinary
approach, in order to shape a more sustainable relationship between
urban and rural development. Thirdly, African economies are well
positioned to benefit from rapidly accelerating technological changes
that can unlock growth and leapfrog the limitations and costs of
physical infrastructures in important areas of economic life. This
aspect could be crucial to develop local 4.0 industries, which will
able to transform and repurpose local materials within an ecological
approach that may reconcile nature with tekné.
2. METHODOLOGY
The African Fabbers House is the result of years of researches
leaded by Paolo Cascone in collaboration with Maddalena Laddaga /
CODESIGNLAB on synthetic vernacular architecture. On the basis of
this reaches a 6 months training programme was developed with our
students of AF School in Douala.
The research is based on a learning by doing methodology that
investigates on the new social role of designers as facilitators of
participatory processes for the regeneration of public residual spaces
within a circular economy approach. This methodology emerges
from a series of on site urban experiments developed in the last 10
years of with the aim to decline different urban tactics according
to site specific conditions and social scenario. Such approach has
been inspired by the collaboration with Fabrizio Carola, an Aga
Khan awarded architect known for his pioneering thirty years work
in the sub-Sharan region. Carola’s was the story of an independent
thinker, one of the few who have been able to develop theory via
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community together, as happens in Djenne, in his beloved Mali, at the
end of the rainy season. One of the most interesting example of his
understanding of the social role of productive housing space in Africa
is the project of his house in Sevare (Mali).

Figure 1:
Douala, informal
neighbourhood.

The project itself is perfectly integrated in the pays Dogon landscape
and is conceived as space for sustainable living as well as a space of
production. The organisation of the space around a central and open
courtyard made by a diversified system of domes shapes the house as
a relational space. Such environmental strategy is integrating at the
same time a double skins system for generating thermal insulation
and passive cooling ventilation.
The idea of conceiving the building site as a factory (of bricks, above
all) became a strategic element in the definition of a sustainable
approach keeping the dependency on imported materials to a
minimum and asserting a model of the circular economy long
before we had a name for this idea. This holistic approach generated
extraordinary public buildings promoting the collective good, such
as the hospital in Kaedi (Mauritania) and the research centre for
traditional medicine in Mopti (Mali).Thanks to the collaboration with
Carola the [AFP] start to develop its applied research agenda with the
aim to investigates on new opportunities for self-organisation and
self-production for African cities. Such agenda was gradually informed
also by other interdisciplinary approaches on post-colonial issues,
among the others the work of Pier Paolo Pasolini in his documentary
Notes Towards an African Orestes (1970) and the one of Rem Koolhaas
in his Lagos: How it works presented at the Venice Biennale in year
2010. If in the documentary of the Italian film director and writer
there is a critical and still actual description on the controversial
development of the new post-independency African cities and society
during the seventies.

practical work, anticipating contemporary themes that are crucial
for new generations – and for more than just architects. Fabrizio very
quickly understood that Africa was the right place to test an ecological
approach to urban design and architecture, in which social, mental
and environmental ecology could flow into one another. He grasped
that technology would have a fundamental role in this by making
building processes sustainable.
Above all, he understood – once again, before everyone else – how
important it is to work in a state of osmosis with the landscape and
the people living there within a post-colonial perspective. From this
point of view, his interdisciplinary approach can be seen today as
very advanced, despite the “primitive” techniques used. In his work,
the building site was also his studio – an applied research laboratory
focused on an idea critical in Africa: self-sufficiency.
Using this simple concept, he developed a method that could generate
concrete responses to problems created by climate change, such
as deforestation and impoverishment. Via a simple yet integrated
process, he was able to transform the critical environmental and
economic issues of an urban context into generative elements in his
designs. Equally, his tendency to see the construction site as a place
of production and dissemination contributed to giving his work its
subversive character.
His idea of evolving Hassan Fathy’s compass to create building shells
(such as domes and vaults) created entirely using “0 km” materials was
just one product of this. Fabrizio, with his profound understanding
of African society, understood how important it was to transform the
construction world into an opportunity to redistribute wealth more
equally through a community (such as a village or a town district). By
reclaiming the vernacular sub-Saharan culture, he saw the potential
for interpreting construction as a collective practice able to hold a
RESPONSIVE CITIES_PERFORM & SHARE
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Figure 2:
Typological diagram from
(Beguin, J.P., 1952. L’habitat
du Cameroun).
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In the case of the Lagos’s research of Koolhaas, developed with his
students of the GSD Harvard, emphasis was put on the consequences
of this African modernism and the capability of informal activities to
shape the so-called generic city. Another interdisciplinary approach
relevant to our research is coming from the work of the ethnomathematician Ron Eglash at the intersection of computer science
and cultural anthropology. In his book, African Fractals Eglash
describes the sub-Saharan spontaneous settlements as emergent
systems coming from implicit and so called contextual algorithms.
Such spontaneous systems analysis explains in a scientific way the
cause effects relations between geometric complex configurations,
functional aspects and social organisations.
The result of these interactions generates resilient solutions
responding to very interesting criteria of material optimisation,
spatial diversity and environmental responsiveness. As analysed
by Ron Eglash in his book African Fractals our work consider
the vernacular architecture as an abacus of mathematical and
geometrical models implicit algorithms that could be eventually
evolved. This abacus could be the anthropological and architectural
basis for new-vernacular dwellings in Africa, bridging experiences like
the Tropical House of J. Prouvé with a “local industry” approach for a
new-vernacular architecture in the region.

Figure 4:
The self-construction of the
African Fabbers House scale
1 to 1
first prototype.

3.FINDINGS
With this cultural background, the agenda of [AFP] started to develop
an applied research platform based on design to make strategies
for African urban context with the aim to generating new synthetic
vernacular urban prototypes. The first experiment was developed with
the atelier Paolo Cascone – ESA (Paris) in collaboration with the local
community of Ouagadougou in Burkina Faso. The design process
aims to develop high-tech design / low-tech construction approach
to performative design merging computational process within
vernacular construction techniques based on the use of earth bricks
for evolving Nubian vaults technologies.

Figure 3:
The African Fabbers House
strategy.

The project is the result of the participatory process involving
the community of Suourgoubila for building a primary school
playground. This space is conceived to allows the children of the
school to play and study in an overshadowed playground. This on site
initiative generates the opportunity to develop the smart shell project
selected by UN-Habitat to participate at the 6th World Urban Forum.
This micro-structure is conceived in order to provide off-grid shells
for both public activities and temporary housing solutions for African
cities. The shell is designed as a transportable, fast-deployment and
energetically self-sufficient structure.
The design process investigates the relation between high-tech design
and low-tech construction. The project provides flexible solutions for
different uses from low-cost dwelling to off-grid emergency hospital
etc.; the structural system consists in foldable modular arches made
of wood covered by photovoltaic textile strips.
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Such initiative was developed to support the DefKo Ak Niep (Do
it with others) fab-lab in Senegal. The project provides a small
infrastructure, an open-air laboratory for local craftsmen and makers.
The construction of the structure has been designed and realized in
the framework through a participatory process involving both the
local community and the European of makers with the aim to bridge
traditional and advanced knowledge.

Figure 5:
The digital fabrication of
the wooden hyper-ventilated
façade system.

The above mentioned experiences convinced the African Fabbers
Project team that an innovative education system is needed in order to
respond to the lack of universities in the region and to support a new
generation of urban drivers. Therefore, the [AFP] is now developing
and building the first school of urban ecologies, digital fabrication
and self-construction in Africa.

The second on-site experience of the African Fabbers programme in
Morocco was developed in city of Sale in Morocco. The project was
developed in the framework of the Quartier du Monde initiative in
collaboration with the Swiss Cooperation with the aim to involve the
inhabitants of a poor neighboured into a to regenerate a public space.
This lightweight structure is conceived as a tensile fabric shelter for
the public garden of Sale.
The project is inspired by traditional cables system for generating
overshadowing solutions in the ancient medina. The aim is to
create a relational space in cooperation with the local community
involving them into a self-construction project for a common shaded
gathering place. After this initial case study in Morocco the [AFP]
has been invited to take part at Marrakech Biennale in year 2014.
The project consists in the transformation of an abandoned hangar
in a productive atelier for Moroccan design students and the local
community of artisans.
The space was equipped to be a temporary laboratory, with a
big delta 3D printer for natural materials, an arduino coding
location and a computer area. Inside the atelier, we have developed
with the local artisans an energetically sufficient 3d printer and
explored the potential of 3d printing with natural material to realize
structural components prototypes for a hydroponic pavilion made by
interlocked ceramic elements fabricated extruding local clay.
With this both urban and educational experience, we have started to
be in touch with the network of African fab-lab in Africa supporting
them to become urban fabrication laboratories The first project
developing such analogue-digital approach in manufacturing has
been realised for the Dakar Biennale in 2014.
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The African Fabbers School is based in Cameroon, in the framework
of the Camon project powered by the COE and financed by the AICS
- Italian agency for international cooperation. With this premise,
the School is implementing a housing research programme and a
community-oriented initiative. The programme aims to explore offgrid housing scalable solutions by bridging vernacular architecture
with more technological systems inspired by Jean Prouve’s tropical
house. Thirdly, African economies are well positioned to benefit from
rapidly accelerating technological changes that can unlock growth
and leapfrog the limitations and costs of physical infrastructures in
important areas of economic life.
Figure 6: The self-assembling
of the ceramic porous
façade components.

This aspect could be crucial to develop local 4.0 industries, which will
able to transform and repurpose local materials within an ecological
approach that may reconcile nature with tekne’. For the reason an
initial scale 1 to 1 prototype was realised with the School students
in order open up to the African Fabbers factory, an urban fabrication
laboratory connected to a network of local and international
industries able to design and make high and low tech sustainable
solutions in the field of urban design and building constructions
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in Africa. IMFor these reasons, the first step of the African Fabbers
School project in Cameroon has been to map at different scales local
material systems, technologies and architectures.
This analysis where made during the the first field trip with the
aim to associate each of the climatic region with the site-specific
architectural solutions. This with the aim to develop a strategy based
on optimisation and circular economy, therefore natural and recycled
materials were considered the starting point.
This initial research has generate the core of the project involving
a group of local students and artisans to the self-construction of
the laboratory of the school. We consider self-construction as a
methodology for build-up a community of people interested to
share knowledge and tools. Such approach generates also a sense of
responsibility of the people with the aim to support them to become
self-organised and self-sufficient.

Figure 7:
The African Fabbers House
first scale 1 to 1 prototype.

After a series of open call, we have involved a team of almost 15
people (students of fine art, young architects, artisans etc.) into a 6
months collaborative training programme. With such programme we
have trained them in order to learn how to design integrating digital
tools and to experience the use of natural materials (wood, clay etc)
mixing digital technologies for sustainable architecture.With such
programme, we have trained them on the base of design process
integrating digital tools and the use of natural materials (wood,
clay etc) as well as mixing advanced and traditional technologies for
sustainable architecture.

should create circular economies in the African context. According
to analysis on informal housing typologies in Cameroun, the project
is considering the house as a mix-used space where small shops and
manufacturing activities generate micro-economies. Therefore, the
housing prototype is conceived as a space for sustainable living and
self-producing, completely realized with local material systems easy to
assembly, customise and replicate.
The design to build methodology that we have developed is based on
the following principles: after studying the major economic activities
of Cameroun, we have considered his key role of exporting 30% of the
wood used in architecture and industrial design activities in Europe.
Therefore, the project proposes wood as an affordable material system
to be used in 80% of the primary structure. Starting from wooden
interlocked primary structure the house is conceived to be detached
from the ground in order to avoid the risk of flooding and improving
ventilation performances. According to environmental analysis, the
design strategy responds to the Douala condition, which has one of
the most humid climate of the region.
This environmental strategy shapes also the roof conceived for
collecting the rain water and to generate renewable energy solar
applying photovoltaic panels. The façade system is designed as an
ecological skin providing passive cooling ventilation for tropical
climates. The whole design to build process bridges traditional/
informal local techniques and a digital prefabrication approach. For
these reasons the project, thanks to the book L’habitat du Cameroun
(Beguin, 1952) is taking inspiration from the very diversified local
construction techniques related to the different climatic regions.
Next step will focus on improving the environmental performances
of the prototype while implementing scalable configurations to
be developed with local and international institutions such as UN
Habitat. The project aims to open up to the African Fabbers factory,
an urban fabrication laboratory connected to a network of local and
international industries able to design and make high and low-tech
affordable and ecological habitat for the African context.

Figure 8:
The African Fabbers House
first scale 1 to 1 prototype.
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ABSTRACT
We research self-building (DIY: Do It Yourself) techniques to teach
communities in severely lacking areas of the world how to build their
own shelters and dwellings so they can expand their villages and
ultimately replicate the technique learnt when required. We focus on
building schools or additional classrooms in remote villages in Africa.
We build hand-in-hand with the local community using low-cost
affordable techniques, which do not require any construction skills
and are accessible to all. We are inspired by vernacular architecture
and are willing to use earth mix for its thermal qualities as well as for
its direct availability to any villager. Most importantly, we promote
the use of locally sourced and recycled materials in order to show the
local community how to take advantage of their available materials
and resources. Our aim is to build structures adaptable to the high
temperatures of local climates to deliver airy, cool classrooms that
optimize the learning environment for teachers to perform and
children to learn in optimal conditions.
We look into architectural models which can be built in reduced time
frames so the building can be completed during summer holidays and
open for the start of the academic school year in October. We have
so far built two schools in Senegal using the SuperAdobe technique,
i.e. filling bags with an earth mix and piling them staggered to build
the walls. Our first school was built in 2017 in Thies, Senegal, which
is a kindergarten of 2 classrooms and one office and is open to 42
children from 2 to 5 years old. The first half of our second school was
completed in August 2019. It is an elementary school of 3 classrooms,
one office and a toilet block. The second half will be built in 2020.
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1. INTRODUCTION
We will be presenting projects enhancing the implementation of
circular processes, being based on local and recycled materials. These
projects take place in Senegal, West Africa.
1.1 INVESTIGATION OF THE SURROUNDING
Dakar city, the capital of Senegal is a congested city, over saturated
with over a million of inhabitants, and consequentially has one of the
highest levels of pollution in the world. The increased urbanization
in the capital pushes the population to migrate towards the areas
surrounding of the capital. The solution the government invested in
is to create new city poles, such as Diamniadio, 30 km from Dakar.
While cities are being saturated and in consequence others are being
built, we decide to focus on existing villages, where basic needs such
as electricity, water and educational facilities are still missing. We
build schools in underprivileged areas of the country in order to
contribute to the development of the village. We are strong believers
that where education exists, mentalities can change and life can
develop. While we are all conscious that the construction industry
is responsible for most carbon and energy consumption, cement
remains the main construction material used in Senegal. As moving
away from the capital, the architectural landscape is composed of
unfinished cement block buildings. Unfortunately, while not suited
to the local climate (hot and humid), building with cement became a
sign of wealth in the Senegalese culture. Due to the high costs of the
material, the houses are built in several phases and can take a long
period of time until fully completed. A typical house construction
starts around a courtyard with the construction of the first room
made of cement bricks and when the owner can afford buying more
cement, more rooms will be built around the courtyard to potentially
additional floors. This construction technique results in a long and
expensive process of construction with a material that creates over
heated internal spaces, both public and private, lacking from day
light and natural ventilation. Classrooms are typically filled up to
80 children per class and are traditionally built with cement bricks,
covered with a zinc roof and has very few openings, providing an
unpleasant hot environment to focus.
1.2 DESIGN PROPOSAL: INSPIRED FROM THE VERNACULAR,
SUPERADOBE, A SELF-BUILDING TECHNIQUE
We asked ourselves how can we implement a new system of school
construction adapted to the climate, using local materials, that could
be built in a short amount of time and inspire local communities to
develop their village themselves. How can we avoid joining despite
our will, a linear system of construction based on commercial deals
SEL F-BUIL DING SOLUTIONS FOR EDUCATION A L
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2.1 METHODOLOGY OF CONSTRUCTION

with large construction companies, which feeds nothing but more
consumption and therefore more waste?
Our solution stands in DIY techniques, i.e. researching techniques of
construction accessible for all and which don’t require skills in the
construction field. A technique of construction by the community for
the community.
We propose to go back to the traditional way of building houses
with earth in Senegal and learn from the vernacular which seems to
have been forgotten when approaching the capital. In Casamance,
situated in the southern part of Senegal, houses are built in Banco, a
brick made of a mix of clay, sand, straw and horse organic matter as
stabilizer. Although, no openings are incorporated in the design of
huts for natural light, the internal spaces remain fresh due to high
thermal performance of the Banco bricks. However, the construction
technique seems to be lacking of a good proportion of stabilizer which
causes the hut to collapse after a period of 5 years time and several
rainy seasons.

Figure 1:
Building process
of walls with
SUperAdobe technique,
Tivaouane Peulh.

Figure 2:
Elementary
school, Tivaouane
Peulh, Senegal.

Our project proposal is a circular design system where nothing goes
to waste and everything is used or re-used. We limit material and
resource loss by collecting the material available under our feet and
transforming it to obtain a usable solid mix which will allow us to
build a long-lasting structure. Our approach is to explore carefully the
site in the first place and take what is beneficial from the available
material in order to create a productive architectural model. We
optimize the use of local materials and promote mostly nature based
solutions. Our aim is to teach again the value of natural materials and
move away from the consumption society, seeking for more synthetic
innovative materials toxic for the environment as well as for the user.
2.2 ANALYSIS AND TRANSFORMATION OF THE LOCAL MATERIAL

Our proposal is to use a technique invented by the Iranian Architect
Nader Khalili, called SuperAdobe. It consists of filling and piling bags
of a local stabilized mix of earth. The bag acts as a temporary mould.
The resulting building is an earth construction with high thermal
quality providing fresh internal spaces and built by the community
itself in a few months only.
2. PROJECT PROPOSAL

We first collect a sample of the local sand and mix it with water,
letting it settle for a few hours. Observing the layers formed helps us
understanding the quality of the material we have in hand. We then
start composition tests.
If needed, we add another complementary material which has
different properties than our local material (such as clay) and cement
(only as a stabilizer) in different percentages. We produce a range of
over 40 samples in order to find the right mix which we will use for the
construction of our school. After realizing a series of strength tests on
our samples, we select the adequate mix to fill the bags with.
2.3 SITE ANALYSIS
Our site for the second school is located in Tivaouane Peulh, 25 km
from Dakar, a village created in the 1960’s as a result of migration
away from the capital. It is still lacking from basic needs such as
water and was provided with electricity only last December 2018. The
village is expending at a fast rate and the landscape of unfinished
cement houses grows more every year. The need for educational
infrastructures is evident with more than 50% of children not going
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to school. They sometimes have to walk over 4km to go to the closest
school, when the majority stay at home or are left in the streets. We
proposed to build an elementary school of 6 classrooms which will
offer education to 420 children.
The project has been planned in two parts. The first part was
completed in August 2019. We completed 3 classrooms, one office and
a toilet block in 3 months, which allows us to use summer holidays
to complete a school so it can be ready for the start of teaching in
October. The second part will follow in 2020.
2.4 OUR COLLABORATIVE APPROACH
Figure 3:
Samples of earth mix with
various percentages of
stabilizer cement / lime for
strength tests.

In addition to building schools with an eco-friendly technique, we
give a high importance to raising environmental awareness. This
starts with communicating to the local community the technique of
construction and the benefits of building with earth as opposed to

Figure 4 (next page):
Illustrative Booklet showing
steps of construction to
build a school or dwelling.

cement so the community can re-use it as required to expand their
village. We distribute booklets with drawings showing how to selfbuild a shelter using SuperAdobe. This technique of construction
gives an infinity of solutions in typology of buildings from schools to
residential houses, in different possible designs, from a rectangular
traditional plan to vault construction, to domes or round plans. Our
ambition is to inspire communities to design for flexible use. We want
to create and communicate new opportunities for designing and give
more freedom to the mind and creativity of each villager.
2.5 OUR CONSTRUCTION PROCESS
We work hand-in-hand with the local community during the entire
process of the construction. We fill up bags with an earth mix and
compact them as we build the walls. The building raises its walls in
a fast time period. We build a roof elevated from the walls to leave
space for hot air to escape, providing fresh temperatures inside
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3. CONCLUSIONS
3.1 FROM THE DREAM OF ONE VILLAGER TO THE DREAM OF A
COMMUNITY
We constantly look for solutions to create an optimized atmosphere
for both teachers and children to focus and learn, in order to facilitate
for a better future. We learn from the vernacular, focussing on earth
construction mainly and act as a laboratory of research to find lowcost innovative self-building techniques easy to be taught and userfriendly. We believe that the key to evolution in a world that is being
destroyed by a linear consumption system is to give back to the user
the ability to create and to participate in the development of the
community. Self-building techniques lead the builder to design and
build a space of their own.
This synergy between the building and its inhabitant, which has been
lost in the evolution of the construction industry finally reappears
with the DIY technique.
3.2 LEARNING FROM OUR ENVIRONMENT

Figure 5:
Construction steps: Piling
the bags, filing the holes,
applying the coating layer,
building the roof elevated
from
the walls.

the classrooms. In our second school, we revealed the technique of
construction, leaving the bag-shaped wall visible. The aim is for both
children and teachers to learn from observing their school how to
build a space with fresh temperatures in a hot climate and ultimately
optimize their conception of a built structure with earth. The school
is built by the community who participates actively for their children,
getting inspired to recycle and create inventive furniture.

Figure 6:
(left) Use of tyres in
foundations, Thies.
(right) Use of casseroles
for sink design, Tivaouane
Peulh.

The DIY principle can help in the development of urban cities and
be a solution for provision of accessible housing. As protagonists in
the creation of urban, built and public space, we can guide decisions
towards more circular choices learning from our environment, simply
by exploring our site carefully. Every element in our surroundings has
a quality which can help develop our community while being kind
to our environment. Soil can be transformed to build. Waste can be
re-used to build. Isn’t the ideal world a circular model where nothing
goes to waste and all is re-used feeding the economy and providing
more resources?

2.6 A CIRCULAR SYSTEM: WASTE, ANOTHER CONSTRUCTION
MATERIAL
How can the urban environment become productive and use its waste
to heal itself? Giving a second life to objects destined to be destroyed
(and as a result pollute) our planet appears to be an evident solution
which we adopt in each one of our projects. For the first school we
built, we collected broken tyres in the village and used them in the
foundations as well as for furniture such as benches, stools or tables.
We collected used cans to create fixings. For the second school, we
used tyres to build steps and tanks or casseroles for sink designs,
flattened metal barrels to create doors and windows.
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Figure 7:
Elementary school,
Tivaouane Peulh.

3.3 POSSIBILITIES FOR DIGITAL TECHNOLOGIES TO EMPOWER DIT
BUILDING TECHNIQUES
Rather than using the digital technologies only for the visualization
of our future building, we can collaborate to feed the DIY way of
building. Indeed, there is a high possibility of integrating the digital
in the SuperAdobe process such as setting up algorithms in order
to measure accurately the composition of the soil on site. The Hunt
Institute for Engineering and Humanity at Southern Methodist
University in Dallas, Texas researched how to develop on-site soil tests
and software which would help give more accuracy to the primary
tests we do prior to using the earth mix to build. Small machines
that can iterate Adobe examples could be developed to explore more
varieties of building methods with local or waste materials.
In Senegal, the company SIMPA, specialised in plastic production and
recycling is looking into creating compacted plastic bricks to give a
second life to plastic which serves local communities.
In Senegal, a local specialist of SuperAdobe construction had
designed a machine to fill up the bags in a faster way, specifically
when needing to reach greater heights. The machine failed because
of poor maintenance. We could work towards an improved machine,
which could be itself self built by the user and aids in building
SuperADobe walls with greater speed to complete the building before
rainy season starts.

Furthermore, digital technologies can serve in planning of the teams
on site to optimize the construction time and increase the efficiency.
For instance, creating graphs from the live data-base of the work per
team. Teams of 3 builders are dispatched on the construction site,
building the walls in a synchronised manner to elevate the walls layer
by layer. A simulation could help understanding whether we would
need to split and organize the teams differently. These are processes
we explore on site. However, planning this in advance with parameters
of speed of work (influenced by weather, individual performances)
can be a very useful tool as well as re-evaluating it on site at different
phases of the construction for an optimum organization. The ultimate
digital invention could be to design machines for quality control of
the mix throughout the construction to make sure we are using an
homogenous mix all along the construction. The collaboration with
the digital technologies can be used to empower circular design and
help communities to build for their needs.
3.4 THE EXPANSION DREAM
LBMS aims to have a social impact and inspire other communities.
The goal of LBMS is to expand across the world. LBMS responds to any
needs when it comes to providing the built structure for education.
Although we started mapping the needs in Senegal, our technique
used by other charities and organisations, is ready to be exported
to other developing countries like India, Nepal and villages in need
in the African and southern American continent. The more we train
people, the more we empower communities.
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ABSTRACT
Is it possible to retrofit existing building facades in a way to respond
to the local materials’ availability? By following the sufficiency
objective together with the efficiency one, natural resources and
existing buildings’ surfaces are the focuses of this research.
Accordingly, the solution of bio-based building materials as building
components is becoming increasingly relevant as they have very low
or even positive impacts on the environment. In favour of not enter
into competition with the food and biofuel sectors, we concentrated
the analysis on organic waste, e.g. rice straw. Once their performances
as building materials have been assessed, one of the main issues
to foster their entrance in the construction sector is to understand
their volume availability. Indeed, by creating new building typologies
promoting the production, optimization and distributed management
of local organic wastes through digital and reliable tools, it will
be possible to solve specific urban problematics. Moreover, these
territorial characteristics highlight the importance of a limited scale.
Therefore, this study focuses on the collection of current databases for
the Lombardy Region as a case study together with the rice waste, to
understand how to improve current information infrastructures for
sustainable design purposes.
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Cities are complex sets of social and economic interactions,
public and private spaces and natural and artificial environments
continually evolving. By considering these dynamic changes, the
concept of Responsive Cities wants to implement circular processes
in the urban environment. Concerning the resources’ flows, Urban
Metabolism, by analogy with living organisms, is an approach used
in the scientific community to quantifying energy and resource
use and supply in the modern urban system (Song, van Timmeren,
and Wandl, 2019). Even if classical urban metabolism studies want
to calculate both the energy and the material flows into the urban
borders, this review wants to focus only on the flow of materials used
in the construction sector. Indeed, considering the huge amount of
resources used in current construction materials, the venture to make
the built environment (BE) more sustainable is peculiarly linked to
its materiality (Brownell, 2018). In this regard, interest in bio-based
building materials (3BM) is growing due to their environmental
performances (renewable resource, CO2 storage, and reduction of
greenhouse gas emissions and the creation of healthier buildings).
They generate also the possibility to activate new potential local
markets remained so far untapped and to foster the transition to
a more circular economy - which is the instrument of achieving
resource efficiency in the European area proposed by the European
Commission (European Commission, 2015).
2. RESEARCH BACKGROUND
Even if bio-based materials generally exert lower environmental
impacts than conventional materials in the category of climate
change, they may have higher environmental impacts in the
categories of land use and eutrophication (Brandão et al. 2012). On
the other hand, their biomass production highlights the issue of
the availability in terms of volume and the detection of sources that
i) are not in competition with other markets, e.g. food or biofuel
industries, and ii) don’t enhance the pressure on the soil, which
is a finite resource (Amenta, 2019). Due to these main issues, this
study’s attention is focused on organic waste. Furthermore, bio-based
materials can be applied in different parts of the building such as
coating exterior walls (inside or outside or core), coating roof (inside,
outside or core), coating floor, plasters or even directly as building
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constructional elements (beams, columns, walls, doors, etc.). This
research wants to centralize mainly on their applications as insulation
materials due to the need for reducing also the buildings’ energy
demand during the in-use-phase (Binici, Aksogan, and Demirhan,
2016). According to a first literature review conducted, the origin of
organic waste applicable as insulation materials have been classified
among: agriculture (e.g. corn/wheat/rice straw, rice husk, olive fibres,
corn stalk), forest (e.g. bark, coniferous residues, coconut fibres, cork),
farming (e.g. sheep wool) and water treatment (macroalgae).
Besides, biogenic residues are generally incinerated (DomínguezEscribá and Porcar, 2010), hence the supply-risk is not the main
concern while representing, instead, local opportunities for renewable
insulation materials.
3. METHODOLOGY
How designers can be apprised about these renewable insulation
materials as sustainable opportunities while approaching a specific
project? Besides, every territory is characterized by its policy,
governance settings and official databases for assessing the quantity
of local resources. For that reason, the place-specificity of the
territory and its geography become essential for the understanding
of the potential of this market. Ergo, we analysed current territorial
databases to see if it is possible to create a link among them for
design purposes and, on the other hand, detect criticisms that need to
be improved.
The Region Lombardy has been selected as a case study together with
the rice residues, namely rice straw and husk, as organic waste. The
choice to start focusing on rice is threefold. First of all, because Italy
is the largest rice producer in Europe. Secondly, Lombardy is one
of the leading regions in the market together with Piedmont (FAO,
2004). Lastly, its high silica content and long lengths’ fibres are two
characteristics that make it the best type of straw for construction
purposes (Carbone, 2003).
On the other hand, this biomass is managed predominantly through
rice straw burning (RSB) and soil incorporation strategies. RSB
pollutes the air and has been banned in some regions, whereas
stubble and straw incorporation into wet soil during land preparation
leads to enhanced methane emissions (Domínguez-Escribá and
Porcar, 2010).
Therefore, both strategies have important deleterious environmental
effects. Using instead rice straw as lignocellulosic biomass as a biobased material would appear to be a promising compromise to both
manage this agricultural waste and to produce environmentally
friendly products. The objective is therefore to identify current data
repositories for both quantify the rice waste and describe the existing
buildings’ stock situation. Once this ongoing situation is clear, we
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wanted to figure out how to promote the use of organic waste as
building material for facade retrofitting projects by using open-source
data and practical schemes. In fact, advances in data gathering,
open-source sustainability and connectivity, mean that we have more
information to ease society’s transition to a low-carbon and circular
economy (Redshift by AUTODESK, 2015).
This methodology is hence divided into three main phases:
1. inspection of the territory’s databases to determine the quantity
of rice production;
2. getting the idea of how to calculate the rice waste;
3. examination of existing building data archives in the region.
As a conclusion, a building meta-component with additional
features, that encloses the whole workflow, is presented.
3.1 CURRENT LOMBARDY’S DATABASES FOR RICE CULTIVATION
Usually, the knowledge around the territory’s characteristics
is gathered in the Geographical Information Systems (GIS). In
fact, at the beginning of the 2000’s Lombardy Region and ERSAF
(Ente Regionale per i Servizi all’agricoltura e alle foreste) began a
cartographic database addressing land cover and usage to monitor
the developmental changes of the region.
This database is the DEUSAF (Destinazione d’Uso del Suolo Agricolo e
Forestale) where the information layers that form the thematic map
construction are prevalently carried out by photo-interpretation of
aerial images. The data are provided as shapefiles (vector files) in the
GEOPortale (www.cartografia.regione.lombardia.it) that can be open
in the ArcGIS program, which is not opensource.
Moreover, to access to the download page, it is necessary to have
a Health Insurance Card (HIC) attesting the Italian citizenship.
The DUSAF is updated every two years, thanks to the help of the
auxiliary regional databases, such as the SIARL (Sistema Informativo
Agricoltura Regione Lombardia) which contains annual declarations
by farmers regarding the crops and the quantity they will grow on the
plots of land they manage. Also the SIARL requires the HIC to access
its databases. Indeed, the flows of information are not that immediate
and the system appears intricate, besides the fact that we are looking
for open-source repositories.
For this reason, we checked out the ISTAT (Italian National Institute
of Statistics) database, which is the main producer of official statistics
in Italy. Therefore, we consulted this database instead of the GIS one
in the direction of acquired direct and opensource information on
the rice cultivation waste. According to the ISTAT data, the Lombardy
Region produced 6.455.725 tons of rice in 99 159 ha cultivated in 2018
(Data extracted on 03 Oct 2019 18:16 UTC (GMT) from I.Stat, http://
dati.istat.it/#).
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Table 1:
Waste from the rice
cultivation produced
in the Lombardy
Region in 2018.

3.2 RICE WASTE AVAILABILITY

3.4 BUILDING META-COMPONENT

The waste obtained from rice cultivation is commonly calculated
according to scientific parameters found in literature and, of course,
it depends on the organic biomass analysed. For the rice straw, in
the industrial process, the production of 1 ton of rice involves the coproduction of 200 kg of rice husk, 100 kg of rice bran and 1,35 tons
of rice straw, which usually are not even removed from the fields of
cultivation (Moraes et al., 2014) resulting in a problem of the disposal
of these waste. The table 1 shows the expected waste resulting in 2018
from the cultivation of rice. The production quantity is the ISTAT one,
whereas the waste is calculated following the proportions proposed by
Moraes et al. (Moraes et al., 2014).

Once the existing data collection has been clarified, it is possible
to proceed with the strategy that takes shape in the use of local
resources as building materials and components, to answer the
problems resulting from the EPC.
Each building surface has its specific characteristics and needs to
be upgraded to respect the current energy efficiency targets. Current
retrofitting strategies are mainly focusing on enhancing energy
performances. Some of these strategies are developing technologies
where facades can react and adapt according to specific microclimate
conditions. These facades are called Responsive Facades.
In this study, the intent is to make these facades responding to other
inputs rather than only the climatic ones, namely according to local
material resources and manufactured according to their availability.
By using the organic waste as raw material, all of these objectives
want to be taken into account, together with the following concepts,
which are at the basis of the circular economy thinking (Ellen
MacArthur Foundation, 2019) :

Year

Rice produced [tons]

Rice husk [kg]

Rice Straw [tons]

2018

6.455.725

129.1145.000

8.715.228,75

3.3 BUILDING STOCK DATABASES

•

design out waste and pollution;

Throughout Europe, a large share of existing buildings facades is not
up to standards about quality and energetic performances (European
Commission, 2019). To solve this energetic issue, Lombardy Region
created a wider Information System for Energy and Environment
(SIRENA20). This system feeds and updates the regional energy
balance and the regional emission monitoring, among which the
current situation of existing buildings. Indeed, in this information
system there is the integration of the CENED register as the “building
cadastre (register)”, the regional Cadastre of Building Heating/Cooling
systems (CURIT) and the Ground Source Heat Pumps cadastre
(Austrian Energy Agency, 2017). The main concept is therefore to
create a unique information system to improve the energy efficiency of
the building stock. Moreover, Energy Performance Certificates (EPC)
were introduced in the European Union to support and reach energy
efficiency targets by informing actors in the building sector about
their conditions (Pasichnyi et al., 2019). For this purpose, the EPC
is collected in the CENED for the Lombardy Region since 2007. This
system is connected to the regional energy balance and the regional
emission monitoring system, resulting in thousands of building
actors using and providing input data into this system, which
facilitates dematerialization and simplification of bureaucracy beyond
time and cost savings (Hartl, 2017).

•

keep products and materials in use;

•

regenerate natural systems.

Even if the ideal database doesn’t exist, this system shows the intent
in Lombardy, and elsewhere in Europe, to promote the use of open
data initiatives, statistical analysis, data analysis for policymaking
support, use of data by municipalities and designers. As a result, from
the EPC, it is possible to define the retrofitting strategies for every
single project holding this certification.
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At this regard, the focus should not be only on the material but also to
the flexibility of the layers’ composition, in terms of easily rearrange
different components and to respond to the design for disassembly
(DfD) characteristics (Geldermans, Tenpierik, and Luscuere, 2019).
Furthermore, there is a need to optimize the use of raw materials.
Generally, prefabricated construction technologies respond to this
necessity allowing also the optimization of the manufacturing
process, as well as decreasing the carbon emissions during material
processing and assembly (Pittau et al., 2017).
Through prefabricated systems, it is also possible to save construction
time and installation costs, which are two major aspects while
dealing with the retrofitting of existing buildings. Relating to rice
waste as building insulation applications, the following examples of
prefabricated elements have been found in literature:
•

Particle board (Yang, Kim, and Kim, 2003),

•

Medium density fibre board (Hiziroglu et al., 2007),

•

Straw Board (Kurokochi and Sato, 2015),

•

Straw Bales (Mansour, Srebric, and Burley, 2007),

•

bio-composites (Bogoeva-gaceva and Grozdanov, 2008),

•

Cement (Adesina, 2018),

•

Gypsum Board (Kim, 2009).
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accessible information on the real availability of organic waste –
in this case, the rice one – through direct contacts with the local
community and producers. This could be organized and structured
dynamically and actively through digital and opensource maps.
In addition, there is the need to assess the existence of companies
able to create the desired building component or suggest the
birth of new economic realities that could profit from these
supply-chains. Through the use of digital maps, private citizens,
authorities, and companies will understand the functioning of
the territory and enhance resource efficiency management in
ways that are environmentally sustainable and in the interests of
all the community. In this way, information-driven design could
contribute to consistent effects towards a more sustainable BE
through a good collaboration among different repositories and
actors. Moreover, future developments must be done by choosing
an existing building and a technology exploiting rice waste as
building material and, finally, verify the whole workflow.
REFERENCES
Aciu, Claudiu and Nicoleta Cobirzan. 2013. “Use of Agricultural
Products and Waste in the Building Materials Industry.”
ProEnvironment 6:472–78.
Adesina, Adeyemi. 2018. “Use of Rice Husk in Concrete: Review of
Mechanical Properties.” (October).
Amenta, Libera. 2019. Beyond WASTESCAPES. TU Delft Open.
Figure 2:
Final Process Scheme
(by the author).

Each one of these solutions need a different quantity of rice
waste, e.g. for the Gypsum Board proposed by Kim, ©a board of
10mm×300mm×300mm contains 0,2 kg of rice husk. Once the rice
residues’ volume in the area has been assessed, it is thus possible
to choose the facade component according to different products’
conformations and typologies that better suit both the design aim
and the local availability.

Austrian Energy Agency, 2017. Request2Action - Project Detail.
[online] Available at: http://building-request.eu/sites/buildingrequest.eu/files/wesd_from_the_epc_to_building_stock_
and_trend_analysis.pdf. [Accessed 28 September 2019].
Binici, Hanifi, Orhan Aksogan, and Ceyda Demirhan. 2016.
“Mechanical, Thermal and Acoustical Characterizations
of an Insulation Composite Made of Bio-Based Materials.”
Sustainable Cities and Society 20:17–26.

4 RESULTS

Bogoeva-gaceva, Gordana and Anita Grozdanov. 2008. “Potential
Use of Rice Straw as Filler in Eco-Composite Materials.”
Australian Journal of Crop Science 1(2):37–42.

The result is an element informed by the inputs and data
collected during the investigation. In figure 2, the first attempt of
systematization of the procedure for the Lombardy Region case
study is presented.

Brandão, Miguel, Barbara Hermann, Michael Carus, Stefan
Bringezu, Martin Weiss, Juliane Haufe, and Martin K. Patel.
2012. “A Review of the Environmental Impacts of Biobased
Materials.” Journal of Industrial Ecology 16:S169–81.

CONCLUSIONS
The proposed methodology calculates the rice waste availability
in the Lombardy Region in an analytical way and by following the
currently available information and statistical approach, without
having however a concrete idea of the real consistency of the
usable material. In conclusion, there is the need to provide more

RESPONSIVE CITIES_PERFORM & SHARE

Brownell, Blaine. 2018. “L’estetica Del Green: L’espressione
Materica Nell’architettura Sostenibile.” TECHNE - Journal of
Technology for Architecture and Environment 16:20–28.
Carbone, CM. 2003. “Mainstreaming Straw as a Construction

210

RE TROFIT TING W ITH ORGA NIC WA STE ME TA BOL ISM /
OLGA BE ATRICE CA RCA S SI –L AUR A EL IS A BE T TA M A L IGHE T TI

211

Mansour, Ashraf, Jelena Srebric, and B. Burley. 2007. “Development
of Straw-Cement Composite Sustainable Building Material
for Low-Cost Housing in Egypt.” Journal of Applied Sciences
Research 3:1571–80.

Material: Understanding the Future of Bio-Based
Architectural Materials.”
CircE-Interreg Europe, 2019. European Regions toward Circular
Economy . [online] Available at: https://www.interregeurope.
eu/circe/. [Accessed 20 August 2019].

Mika Sillanpää, Chaker Ncibi. 2017. A sustainable Bioeconomy:
The green industrial revolution. [online] Available at: https://
books.google.it/books?id=tveqDgAAQBAJ&printsec=frontcove
r&source=gbs_ge_summary_r&cad=0#v=onepage&q=competi
tion&f=false. [Accessed 9 May 2019].

Domínguez-Escribá, Laura and Manuel Porcar. 2010. “Rice Straw
Management: The Big Waste.” Biofuels, Bioproducts and
Biorefining 4:154–59.
Ellen MacArthur Foundation. 2019. “Completing the Picture
How the Circular Economy Tackles Climate Change.”
(September):1–62.

Moraes, Carlos A. M., Iara J. Fernandes, Daiane Calheiro, Amanda
G. Kieling, Feliciane A. Brehm, Magali R. Rigon, Jorge A.
Berwanger Filho, Ivo A. H. Schneider, and Eduardo Osorio.
2014. “Review of the Rice Production Cycle: By-Products and
the Main Applications Focusing on Rice Husk Combustion
and Ash Recycling.” Waste Management and Research
32(11):1034–48.

European Commission. 2015. “Circular Economy: Closing the
Loop. From Waste to Resources.” 2.
European Commission. 2019. Energy performance of buildings.
[online] Available at: https://ec.europa.eu/energy/en/topics/
energy-efficiency/energy-performance-of-buildings/overview.
[Accessed 5 November 2019].

Morlet, Andrew, Dale Walker, Nick Jeffries, Aurélien Susnjara,
Sarah Churchill-Slough, Lena Gravis, Ian Banks, Dominic
Waughray, Antonia Gawel, and Attila Turos. 2017. “Urban
Biocycles.” Ellen MacArthur Foundation 34.

FAO. 2004. International Year of Rice 2004. [online] Available
at: http://www.fao.org/rice2004/en/p7.htm. [Accessed 9
September 2019].

Pasichnyi, Oleksii, Jörgen Wallin, Fabian Levihn, Hossein
Shahrokni, and Olga Kordas. 2019. “Energy Performance
Certificates — New Opportunities for Data-Enabled Urban
Energy Policy Instruments?” Energy Policy 127(October
2018):486–99.

Geldermans, Bob, Martin Tenpierik, and Peter Luscuere. 2019.
“Circular and Flexible Indoor Partitioning — A Design
Conceptualization of Innovative Materials and Value Chains.”
Hartl, Nicole. 2017. “From the EPC to Building Stock and Trend
Analysis – Potentials and Challenges Analysis Potential of
EPC Data Realising EPC Databases in Europe Methodology.”

Pittau, Francesco, Laura E. Malighetti, Giuliana Iannaccone, and
Gabriele Masera. 2017. “Prefabrication as Large-Scale Efficient
Strategy for the Energy Retrofit of the Housing Stock: An
Italian Case Study.” Procedia Engineering 180:1160–69.

Hiziroglu, Salim, Piyawade Bauchongkol, Vallayuth Fueangvivat,
Worakit Soontonbura, and Songklod Jarusombuti. 2007.
“Selected Properties of Medium Density Fiberboard (MDF)
Panels Made from Bamboo and Rice Straw.” Forest Products
Journal 57:46–50.

Redshift by AUTODESK. 2015. Making for Impact With Open-Source
Sustainability. [online] Available at: https://www.autodesk.
com/redshift/open-source-sustainability/. [Accessed 15
October 2019].

Kim, Sumin. 2009. “Incombustibility, Physico-Mechanical
Properties and TVOC Emission Behavior of the GypsumRice Husk Boards for Wall and Ceiling Materials for
Construction.” Industrial Crops and Products 29(2–3):381–87.

Song, Yan, Arjan van Timmeren, and Alexander Wandl. 2019.
“A Literature Review and Categorisation of SustainabilityAimed Urban Metabolism Indicators: A Context, Indicator,
Mechanism, Outcome Analysis.” Regional Statistics 9(1):54–
71.

Kurokochi, Yoko and Masatoshi Sato. 2015. “Effect of Surface
Structure, Wax and Silica on the Properties of Binderless
Board Made from Rice Straw.” Industrial Crops and Products
77:949–53.

Yang, Han Seung, Dae Jun Kim, and Hyun Joong Kim. 2003. “Rice
Straw-Wood Particle Composite for Sound Absorbing Wooden
Construction Materials.” Bioresource Technology 86(2):117–
21.

Liu, LiFang, HongQiang Li, Andrea Lazzaretto, Giovanni
Manente, ChunYi Tong, QiBin Liu, and NianPing Li. 2017.
“The Development History and Prospects of BiomassBased Insulation Materials for Buildings.” Renewable and
Sustainable Energy Reviews 69:912–32.

RESPONSIVE CITIES_PERFORM & SHARE

212

RE TROFIT TING W ITH ORGA NIC WA STE ME TA BOL ISM /
OLGA BE ATRICE CA RCA S SI –L AUR A EL IS A BE T TA M A L IGHE T TI

213

CIRCULAR INSURANCE

1.1 SPECULATIVE URBANISM AND CIRCULAR DESIGN

Risks Resilience in Speculative
Urbanism

Speculative urbanism development schemes around the world have
been built to absorb surplus capital. These are cities designed to be
invested in, not lived in. Fuelled by the market’s ideology of infinite
growth, speculative urban developments realise the value of their land
by accumulating liquid capital into concrete form, and contribute to
more than one third of the world’s total energy consumption and CO2
emission. Within this paradigm, the pricing of commodities is based
on production cost alone, rather than on social or ecological cost,
creating the illusion of an infinite growth funded by the accumulation
of climatic risk.
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climatic risk, speculative urbanism, circular insurance, sharing economy, social credit

ABSTRACT
This paper, a summary of research conducted at the Strelka Institute
for Media, Architecture and Design in 2019, discusses the circular
relationship between insurance and risk. It advocates a more evenly
distributed economy within speculative urbanism by tying value
realisation to other forms of currency, such as risk, social credit and
data.
In the face of climate change, coastal cities are fighting against rapid
floods. With increasing climatic risks, insurance policies become
more expensive and less accessible to low-income people. Much
housing that remains uninsured is vulnerable to risk. Jakarta is
one of the cities facing challenges of annual flooding and a modest
insurance scene, as well as an upswinging speculative real estate
market fuelled by external investments. This research aims to develop
models for a better-distributed insurance market structure. There are
two main goals: 1) incentivising the more privileged to participate
in insurance schemes for the less privileged; 2) discussing how
insurance can be made more accessible to the less privileged.
This paper first defines its position on speculative urbanism and
circular design, and its interpretation of insurance and risk with
relation to Jakarta. It then gives an introduction to the insurance
models developed in the course of research.
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With the rising sea level, many coastal cities suffer from rapid
floods. Jakarta experienced heavy floods in 2002, 2007, and 2013.
Nonetheless, its real estate market continues to upswing. These
capital inflows are largely contributed by external investors, attracted
by the government’s speculative urban schemes. Most traditional
theories of urbanism propose that large cities attract rural migrants,
which in turn contributes to urban poverty. However, in the case
of Jakarta, it is more often the expanding city which encroaches
upon local villages (Kampungs). This contributes to a surreal urban
landscape, in which a 50-storey Shangri-La and the remnants of a
village may be found side by side (Figure 1).
As an alternative to this ‘bad infinity’, Marx once referred to a virtuous
infinity that is in circular motion (Marx, 1867). But what exactly
is being circulated? In the contemporary speculative economy of
urbanism, land is commodified, and its value extracted in the form
of money. This value is further realised through the rapid circulation
of capital between cities, which ‘in its path creates intense volatility
and dispossession’ (Goldman, 2010), depriving locals of their right to
the city. This right, according to David Harvey, “is far more than the
individual liberty to access urban resources: it is a right to change
ourselves by changing the city. It is, moreover, a common rather than
an individual right since this transformation inevitably depends
upon the exercise of a collective power to reshape the processes of
urbanisation.” (Harvey, 2003). How to base the circulation of capital
around a system of trust that would not distribute resources at the
expense of social and ecological recovery?
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1.2 INSURANCE AND JAKARTA
This paper discusses a form of urban resilience where risks are inbuilt features of the system. It questions the existing correlation
of pricing and cost within housing insurance, where pricing is
determined based on capital-based indexical assessment within
a sliced time frame. It considers cities as entities that use legal
mechanisms to enact urban design, and adheres to the city-to-city
indexical planning ideology of the C40, where cities are paired
with one another according to their profiles. This research aims at
providing reference models of thinking for cities at pressing climatic
risk. It will not inquire into technical requirements such as funding,
premium collection or claims. Any implementation should require
further study in the targeted area.

Figure 1:
A photo of Kampungs
encroached upon by
skyscrapers. Source: Getty
Images.

The democratisation of digital technology decentralises the right to
the city by offering more accessible means of collective exchange.
Technology makes it possible to standardise, extract and appropriate
value at the point of realisation (e.g. printing for copies; electricity for
energy; data for subject, etc.).
Thus, any smart technology that does not encourage a distributed
value structure will only help to promote infinite growth. In many
private-public partnership schemes (like Airbnb and Uber), value
realisation is enacted through a platform which pairs urban supply
and demand with high precision and efficiency; making collective
resources easily accessible to the public. These partnership schemes
are examples of circular design that distribute information as value.
This paper holds that technological fixes are complementary to social
solutions. Through the summarisation of a research conducted at
the Strelka Institute for Media, Architecture and Design in 2019,
this paper discusses circular design strategies that mediate a more
distributed urban economy.
The underlying research experimented with tying the circulation
of value to risk and data in the form of insurance. Its two main
goals were: first, incentivising the more privileged to participate in
insurance schemes for the less privileged; second, discussing how
insurance can be made more accessible to the less privileged.  
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Insurance is a form of social solidarity, in which an individual’s risk is
shared by the community. The extent to which the community shares
this risk is based on an average, drawn from accumulated statistical
data. Collecting sufficient data to create a high resolution image of
the urban fabric incurs high operational costs, making most policies
inaccessible for low-income people. The other significant cost is risk:
insurance operates on the assumption that we have neighbours; our
individual risk cannot be fully assessed in a granular way. Insurance
commodifies an eventuality that may or may not take place, the yield
of profit for the insurer depends on preventing as well as sustaining
the risk. This ties insurers’ interests directly to those of policyholders.
To increase revenue, insurers often participate in design interventions
to suppress risk (e.g. improving the performance of protective
products, etc.).
Take the example of car insurance: the lower a policyholder’s risk of
dying in a car crash, the higher an insurer’s yield of profit. As such,
many insurance companies partner with car designers to improving
the safety of cars. With this mechanism in mind, the present research
has sought to investigate a link between the interests of insurance
companies and those of cities prone to climatic risk.
Last year, the Indonesian government adopted a new finance and
insurance strategy in the face of recurrent natural disasters. However,
the strategy targets only public buildings. A financial report from
KPMG Jakarta described the local housing insurance market as
being ‘heavily weighted towards commercial segments’. This shows
the urgency of incentivising personal lines coverage for low-income
people, who often inhabit Kampungs in the most flood-prone zones.
There are two core challenges implicit in such an effort. First, these
are flood-prone areas with high and systemic risks - which means
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low profit for insurers and high premiums for policyholders. Second,
the difficulty of fraud protection - many ‘Kampung’ residents have
no official occupancy or capital credit profiles (may be squatters,
do not have bank records, etc.) - means that operational costs are
likely to run high. How can insurance work when policyholders do
not have registered bank accounts? This paper discusses workable
strategies based on distributing costs. It proposes two models of
circular insurance: first, a social credit rewards scheme; and second,
microinsurance. Both depend upon the assistance of data technology.
2.1 MODEL 1 - CIRCULAR INSURANCE THROUGH SOCIAL CREDIT
The challenges faced by carbon-based derivative markets and
many ‘cap and trade’ policies include regulation of compliance
and shadow economies. In what ways can privatised development
companies be incentivised to actively mediate local risks? Through
the economy of insurance, this research aims to include ecological
cost within the market pricing by identifying factors and agents that
contribute to climatic risks. The objective is to generate a model of
insurance, in which the government, citizens, developers (or external
investors), and risk resilience technology companies participate in
a single insurance structure. The research designs for an insurance
of compliance through indexing building materials as premium
correction factors. It then models out the existing components and
their interdependencies. Next, a new model of public insurance is
proposed, in which incentive-based intervention distorts the current
risk structure. The paper concludes with an examination of new risks
generated.

Figure 2:
Diagram of the proposed
circular model for risk
resilience through
collaborative insurance
between identified
agents. Source: author.

Once A is granted the permit, he will be advised to purchase three
different insurance policies to increase his social credit. The first
policy is for pollution liability. This policy will cover the cost of
cleanup should any accidental release of hazardous materials occur.
It will also protect A against sudden regulatory changes or material
overruns. For example, should A be penalised for using more cement
than planned, causing excess CO2 emission, pollution insurance
would pay for carbon offset (i.e. planting trees). Developer A will also
be protected against any injuries and deaths caused by pollution.
The second policy insures the developer against flooding of the
development site and the surrounding Kampung area. It will cover the
restoration costs of buildings, infrastructure and Kampung housing
in the event of heavy flooding. The third insurance policy provides for
the employment of Kampung residents in restoration work, also in
the event of heavy flooding. It will cover the cost of training unskilled
Kampung residents, and encourage developers to create more local
employment opportunities. To promote the use of risk-resilient
design, insurance premiums can be corrected based on the ratio of
risk resilience strategies to materials used.

In contrast to the existing linear growth in the market, the proposed
model circulates value through the agents identified above to achieve
a more evenly distributed housing economy. It approaches urban
risk resilience by involving the agents in a social credit scheme. The
scheme involves setting up a governmental platform which assigns
performance profiles to developers and risk resilience technology
companies. These profiles will in turn determine whether companies
will be able to access housing development permits and research
funding, and will enable insurance premiums to be moderated.
Developers’ performance will be quantified through a credit system
that indexes factors such as the percentage of environmentally
friendly material, waste treatment, or risk-resilient design used in
previous projects, as well as their insurance history. For example,
if developer A wants to purchase part of a Kampung’s land and
re-develop it into contemporary housing, he must first apply for
a government permit. The government would then consider the
application based on A’s social credit profile, which would include a
record of A’s past environmental compliance and contribution to risk
resilience innovation, as well as his insurance history.
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The proposed model focuses on providing citizens with better
housing and job opportunities by distributing the cost of risks
between developers, insurance and technology companies. Using
circular insurance to interconnect the interests of these agents, and
introducing social credit as a form of value assessment, this model
applies soft governance through the market structure, motivating
all three agents to collaborate on improving flood-resilient design.
Such a model may generate a new set of risks. First, it might give
birth to an economy based on floods and consumerism. Second,
exchanging one building material for another only exchanges
one form of environmental damage for another. Third, it might
encourage migration to flood-prone areas. Fourth, a social credit
system would require a sizeable investment of machine power and
energy: digital databases and quantitative models must be built,
large volumes of information must be processed, and tools must
be created for mapping interconnected risks. The efficiency of the
proposed model will depend upon the quantification and pricing
of risks, the comparison between old risks and new, the periodic
alternation between agents to bear the costs of risk, and metrics used
in generating social credit profiles.
2.2 MODEL 2 - MICROINSURANCE AND PLATFORM ECONOMITRIC
The challenges of insuring Kampung housing are multiple. They
include the absence of actuarial data, making pricing difficult; the
difficulty of valuation (as housing value depends upon presence,
capacity and location, most of these houses are worth nearly
nothing); the difficulty of identifying individual houses, which are
mostly unauthorised structures without government records; the
high operational costs (e.g. risk assessment, identity verification,
paperwork, etc.) relative to the market’s potential; the difficulty of
verification against fraud (most low-income populations do not have
any bank registration to prove their identity).* The following model
attempts to tackle the above challenges by unlocking the latent value
of the market with the assistance of emerging technologies, such as
digital profiles, to make insurance more accessible to a wider public,
for whom traditional banking does not apply.
Insurance is a decentralisation strategy - it shares an individual’s
risk with the larger market. Nonetheless, the existing authentication
structure follows an institutional approach to community trust by
centralising power within the insurance company. These companies
use insurance premiums to protect themselves from systemic risks
and operational costs, which makes most policies inaccessible
to low-income people. With the advancement of big data, digital
platforms can be set up as a way to match an applicant’s risk
profile with an insurer, verify identity, and survey capital flows to
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minimise operational costs - all of which should make the service
more accessible to a wider public. This model follows the linearity
of existing insurance structures, but it replaces the granularity
and indexical methods of existing structures with a decentralised
approach. By focusing on sustaining micro-value transactions,
which can provide a more customised margin for individual policy
applicants, it aims to make Kampung housing insurance both
profitable for insurers and accessible to residents.

Table 3:
An example of an indexbased flood insurance
metrics, referencing the
‘Meso-Level Index Based
Flood Insurance’.
Source: author.

Compared to the value of Kampung housing, existing housing
insurance policies are relatively expensive. This imbalance can be
tackled in two ways. The first is to enable groups of houses to share
a single insurance policy. Such community insurance is based on
the archaic social logic of collective agreements. The second is to
break the policy into smaller instalments, making it affordable for
low income people: that is, microinsurance. So what would be the
minimum granularity of a property’s risks to be indexed relative to
its spatial and temporal framework? In spatial terms, parameters
of the index metrics can be: wind speed of a typhoon, level of water
during a flood, or the number of consecutive flood days, etc. In
temporal terms, the flood season for Jakarta is very standardised, so
the temporal unit and its relative cost can be seasonal as opposed to
traditional year-long policies.

Compensation Payment Schedule (per household in reference area)
9 or fewer continuous days of flood

Rp 0 /-

11 continuous days of flood

Rp 740000

10 continuous days of flood
21 continuous days of flood
26 continuous days of flood

*A flood day is defined as a day on which the average water level of the
reference area is higher than the corresponding water level trigger

Rp 470000
Rp 1400000
Rp 1900000

The metrics can be set up as demonstrated in Tables 3 and 4. For a
housing unit in the area of Kelapa Gading, the metrics can be defined
as: a water level trigger of 3m+MSL for 10 continuous flood days, and
an insurance period covering the month of January. The metrics
can also include compensation paid in the form of flood resilience
protection (e.g. silicon based product, coated wood, pipe replacement,
or drinking water, etc.). Such a parametric indexical method helps
to standardise compensation to the policyholder, simplifies the
operation of insurance, lowers moral hazards, and provides more
transparency and versatility.
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Policy Holder
Data Provider

This research proposes an independent framework that takes
advantage of the existing market structure, rather than relying on
NGOs or social welfare systems. It advocates a trust-based economy:
the more community members enter the pool, the better the system
will operate. Several aspects of the models proposed require further
study. For example: the Indonesian population is predominately
Muslim, and the concept of insurance runs counter to their beliefs.
Customised Sharia policies and public education remain as central
social issues, outside the scope of the research presented here.

Research Center for Geotechnology, Indonesia
Institute of Sciences

Insurer

AIG Indonesia

Reinsurer
Total Sum Insured
Total Number of Households covered
Maximum Payout per Household
Premium per household
Cover Period
Table 4:
An example of an indexbased flood insurance
product, referencing Pragiti
General Insurance.
Source: author.

CONCLUSIONS

Hasan Prasetyo

Swiss Re

Rp 90000 /1

Rp 1900000 /-

Rp 140000 + VAT

Jan 1st - Jan 31st, 2020

Another challenge of Kampung housing insurance are capital credit
profiles - an essential requirement of most insurance policies, which
most Kampungs residents do not have. Capital credit profiles are how
the contemporary bank-oriented society structures an individual’s
identity around capital transactions. However, if the metrics are
taken in an alternative standardised unit, such assessment profiles
could also be based on risk, carbon and/or social credit. According to
Keller Easterling, ‘A home could become a portfolio of assets that a
homeowner or groups of homeowners control. These assets include
all its materials when disassembled: its energy producing capacity
(wind, sun, geothermal), its biodiversity value, its carbon value, its
cultural value and the shares it holds in related properties. In areas
prone to erasure from floods or earthquakes, insurance risk is also
part of that portfolio.’ (Easterling, 2011). Such profiles are essentially a
record of data. With the advancement of digital technologies, profiles
can be stored in open-source databases with connection to digital
platforms, leading to a reduction of operational costs. The Indonesian
population is relatively digitised. More than 40% of the population
own a smartphone; whilst a large percentage of the remaining
population own a smartphone lite, or have some smartphone access.
The democratisation of mobile digital technology provides a point of
access to microinsurance for the low-income population.
When paired with blockchain technology, the proposed operation will
accelerate even faster by publishing and verifying data in real-time.
Kampung structures can be tagged with Open Location Code (OLC),
an open-source geocode system for tagging areas with no formal
system of identification using latitude and longitude coordinates.
OLC can be verified efficiently via satellite imaging (e.g. Google Maps).
Following the model of WeChat Pay, payments can be authenticated
via virtual tokens, which can be topped up by cash at provided
stations. In this way, microinsurance will be made available to nonbank account-holders.
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Furthermore, a predictive flood hazard model for each targeted area
should be set up with localised datasets. Finally, implicit in such a
model is the danger of market acceleration, which would further drain
the local economy if not regulated with high caution.
It should always be kept in mind that when the city dweller’s interests
are at stake, technological solutions are only constructive when paired
with social strategy. In the case of insurance, policies should be
sure to link the insurer’s interests with the policyholder’s to achieve
maximum efficiency (e.g. motivating better flood-prove designs
to lower systematic risks, etc.). As such, the metric for regulating
investors’ social credit profiles has to sufficiently reflect the investor’s
willingness to sustain a virtuous circulation of value.
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Within the "Adapt" Section,a selection of research papers seek to
answer to questions such as:

ADAPT

Which kind of resources can enhance circular metabolism in cities
and buildings?
Can static buildings become adaptive through the implementation
of smart and responsive materials in construction?
Which principles of biological ecosystems can promote resilient
strategies in cities?
Can carbon adapt to circular recycling and upcycling processes?
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1. INTRODUCTION

DESIGN OUT WASTE
METHODOLOGY FOR
CIRCULAR ECONOMY
Anna Kottaridou
Department of Product and
Systems Design Engineering,
University of the Aegean
annakott22@gmail.com

Modern humans have, since the industrial revolution, adopted
a utilitarian view of the environment, seeing it as a means of
economic growth, a provider of infinite resources and an endless
room for our waste.
Products are part of a throwaway culture creating waste on every step
of their lifecycle, from the acquisition of virgin materials to the
production and disposal.

Spyros Bofylatos
Department of Product and
Systems Design Engineering,
University of the Aegean
bofy@aegean.gr

This rising demand for natural resources and shorter life cycles
coupled with the selection of materials with useful lifespan orders
of magnitude longer than the lifespan of the product, have created
mountains of trash that poison our air, ground and waterways,
putting the existence of life on the planet in danger.

KEYWORDS

The fallacy of the idea of exponential growth on a finite planet has led
to the emergence of sustainability as an answer to the interconnected
and wicked problems we are facing today.

design out waste methodology, circular economy, butterfly diagram, materials driven
design method, material experience

Circular Economy, as an approach to Sustainability, offers efficient
and realistic solutions to these problems paving the transition from
the current ‘take-make- waste’ extractive industrial and economic
model, to a circular one.

ABSTRACT
Design as a discipline and a profession has an important role in
shaping the modes of production, consumption and disposal.
Decisions made early in the product, service, system development
will decide the environmental and social consequences. With
sustainability emerging as the major challenge of our times, the
creation of novel methodologies, economic models and innovative
materials is necessary.
In this paper we put forward a new methodology that aims to
bridge the industrial business focused Circular Economy Models
with the expressive and human scale of the Material Driven Design
approach. The transition towards sustainability is an intellectual
project that demands radical change on almost every level of human
activity, at the same time we need realistic practical approaches
that will enable us to have a future to explore the emerging values
system of Sustainment. The ‘Design out Waste Methodology’ brings
together and bridges existing concepts, methods and practices of
the seemingly unrelated fields, creating an innovative design and
production process that redefines waste and sets it up as a subject
of creative study. The purpose of this process is to help designers
understand from different perspectives the importance of evaluating
the entire life cycle of a product and to enable ‘degrowth’ by shifting
our modes of production towards a human scale with local makers
exchanging knowledge and expressing themselves through upcycled
materials while simultaneously changing our understanding of waste.
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The idea of circular economy aims to change the way we understand
the waste around us, not as trash, but as a possibility for value
creation not at the end of their useful life, but during every aspect
of their use. In this model, previous approaches such as Cradle to
Cradle (Braungart & McDonough, 2002) are taken into account, in
which, nothing is considered waste and materials must be reclaimed
through two distinctive loops: Technical or Biological Metabolism.
Additionally, the circular economy directives have become part of the
EU’s policy about waste management and design of new products, as
well as banning of all single-use plastics.
The Ellen MacArthur Foundation (EMF) being a global leader in
Design Thinking, has established Circular Economy as a solution for
sustainability and prosperity.
A distinguished definition the foundation has given for Circular
Economy is: “It is an industrial system that is restorative or regenerative
by intention and design. It replaces the ‘end-of-life’ concept with
restoration, shifts towards the use of renewable energy, eliminates the
use of toxic chemicals, which impair reuse, and aims for the elimination
of waste through the superior design of materials, products, systems,
and, within this, business models”. It is based on three principles: i)
Design out waste and pollution, ii) Keep products and materials in use
and iii) Regenerate natural systems.
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2. RESEARCH BACKGROUND
This paper illustrates a methodology which links two existing
methods and applications: The Butterfly Diagram designed by EMF,
and the Material Driven Design Method (Karana et al., 2015). Each of
these methods is focused on different ways to transition towards a
model of production, consumption and disposal of materials. Circular
Economy is a deeply technical approach to managing waste, whereas
MDD is a method that mainly focuses on designers of products and
materials by shifting our values in respect to materiality. We could
place the two methods in the opposite sides of the eco-modernity
sustainment spectrum (Bofylatos & Telalbasic, 2019), this is not
mutually exclusive, on the contrary, a synthesis of the two has the
capacity to create a meaningful way towards a new material culture in
the long term.

Figure 2:
Material Driven Design
Method by Karana, Barati,
Rognoli, & Van Der Laan,
2015.

2.1 BUTTERFLY DIAGRAM
Figure 1:
The Butterfly
Diagram for Circular
Economy by Ellen
MacArthur Foundation.

The Butterfly Diagram was designed in order to acknowledge the
need of addressing the entire life cycle of a product. Products are
redesigned in a way that last longer through circular processes such
as maintenance, repair, remanufacture, recycle or biochemical

feedstock, cascading, anaerobic digestion, composting. The diagram’s
spine represents the linear economic model, while the rest of it
illustrates the continuous flow of technical and biological materials
through ‘value circles’. The smaller the cycle is, the greater the
product’s value that maintains (Figure 1).
2.1 MATERIAL DRIVEN DESIGN METHOD
Parallel to the development of the EMF’s diagram the field
of Material Driven Design brings forward a different, but
complementary swath of issues. Material experience is brought in
the center of design and the DIY aspect of it addresses issues of
production, locality and the politics of the means of production.
The goal is to bring new appreciation of the material through the
activation of both all the senses and the emotional value, leading to a
meaningful and long-term connection with products. MDD method
facilitates designing for Material Experiences and encourages direct
interaction, experimentation and tinkering with materials (Figure 2).
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Figure 3:
Visualization of the Design
out Waste Methodology
(DWM).

3. DESIGN OUT WASTE METHODOLOGY
Within this context of the state-of-the-art approaches that span from
industrial processes to DIY production, the research question arises:
How can the waste generated be utilized as raw material in designing
new DIY materials that return to the value loops of Circular
Economy? And how can this creative exploration be scaled up to
solutions in the context of the Circular Economy?
The Design out Waste Methodology (DWM) is based on the first
principle of Circular Economy which places the waste of production,
use or consumption of goods and products, as a pillar of design and
aims at their effective utilization. With knowledge and acquired
information as key factor, waste acquires ‘innovative’ attributes once
combined with other materials or by discovering new processes
that create composite or hybrid materials with unique style and
aesthetics. Using an old material in a different and innovative
manner, provokes enthusiasm for its potential and brings it back to
the value cycles of economy.
Based on Circular Economy thinking, materials need to be
effective, instead of efficient. The goal is to maintain the quality
and productivity of resources through multiple usage cycles (ecoeffectiveness), rather than minimizing waste and delaying the rate of
resource depletion (eco-efficiency) (Braungart, McDonough, Bollinger,
2006; Newton, Charnley, Rowe, Dawn, 2014).
DWM consists of three parts: The first involves the spine of the
Butterfly Diagram, i.e. the linear course of a material or product,
as well as the circular processes (technical and biological) that
restore products, energy, components and materials. In the second
and central part, waste is the starting point, which is evaluated,
disassembled, classified and presented as the new raw material for
tinkering, visualization, understanding, experimentation and studies.
During this procedure, the designer acquires both valuable knowledge
and insights that are collected in an open source database to identify
the new raw material. In this part, MDDM and Material Experience
are considered, as they reveal the unique Objective and Subjective
Properties, capabilities and experiences that derive from the new
material. In the third and final part, the acquired knowledge is used
in designing materials and products that respond to sustainable
practices (Figure 3).
3.1 STEPS
3.1.1 WASTE EVALUATION
Waste as raw material is far more different than materials sourced
from conventional fossil origins. For this reason, specification
and evaluation are necessary in order to determine whether it is
appropriate for the efficient production of novel materials, without
any environmental or health burden.
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In this first step, information about the product’s history is
collected, before and after it becomes waste. Origin, function, utility,
composition and quality are data that describe the product during
its life cycle, while type of waste, collection, transfer, temporary
storage or any physical, chemical, thermal or biological
processes it has undergone, are data relating to treatment processes at
disposal. In a way the bill of materials of the product being analyzed
has to be reverse engineered in order for the flows of materials to be
extrapolated. Afterwards, its environmental footprint is evaluated by
checking whether it can return to the circular closed loops, through
technical or biological metabolism processes.
3.1.2 DISASSEMBLY > LANDFILL
Waste is disassembled in all its possible components. Those that are
or may be useful in some way are collected, and the rest are discarded.
So, the collected waste part (or parts) becomes the new raw material
and the discarded parts are clearly less and driven to the proper
disposal site, limiting their initial environmental impact.

Figure 4:
5 Kingdoms of DIY
Materials by Ayala-Garcia,
Rognoli & Karana, 2017.

Primarily, Evaluation precedes Disassembly. However, there may
be cases where disassembled parts need to be reassessed to obtain
additional information. So, it is certain that the designer will follow
both steps but the order is not strict, as the steps may need to be
repeated. This step can also be skipped if the discarded parts are clear
in the first place.

3.1.3 CLASSIFICATION OF RAW MATERIAL
Step 3 is based on an existing materials’ classification: ‘The five
Kingdoms of DIY- Materials’ by Ayala, Karana & Rognoli. In this sort
of classification, the material is categorized under one (or more) of the
following Kingdoms/categories, presented in figure 4, according to
the origin of its primary sources:
In DWM, all raw materials are derived from waste and accordingly
herbal, animal, mineral or technological products can also be waste,
so Kingdom Recuperavit includes products that cannot be sorted
into one of the previous Kingdoms, but still have the possibility to
transform into valuable sources.
3.1.4 MATERIAL / PRODUCT VISION
Designers describe all the different ways in which they think they
can exploit the new raw material, possible alternative applications
that emerge, their thoughts and concerns. They create the Vision of
the raw material by recording materials, tools, processing methods,
techniques, available technologies and use scenarios and envisioning
attributes.
3.1.5 UNDERSTANDING THE MATERIAL
This stage is the most important and is based on the first step of
MDDM: Technical & Experiential Characteristics. In DWM, there
are Objective and Subjective Properties, which, in correspondence
with MDDM, refer to the Technical and Experiential Characteristics
respectively.
Objective Material Properties: these properties refer to technical,
mechanical, functional, technological and environmental aspects
of the material. These properties, such as manufacturability,
functionality, durability, resilience, technology and innovation,
describe in technical terms how it was manufactured and functions.
To determine Objective Properties an explanatory process is needed,
in which, the designer is encouraged to cut, bend, crash, burn the
material, combine it with other materials and interact with it in order
to understand its intrinsic properties, limitations, and opportunities
and decide what are the most appropriate manufacturing processes
for its configuration, as envisioned in the previous step.
Subjective Material Properties: these properties accent the personality,
character, environmental impact and aesthetics of the material.
The designer needs to understand thoroughly how the material
is perceived by humans by analyzing material experience on four
different experiential levels (Giaccardi & Karana, 2015). Moreover,
he experiments by creating samples of different form (rounded,
amorphous) and aesthetics (rough, elastic).
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Both types of material properties must be taken equally into
account when designing and developing the material because they
create interaction between user and end-product, generate knowledge
as well as experience. The designer needs to understand the material
in practice to perform its unique role when applied to a product.
This will be achieved through an exploratory process of creation,
experimentation and evaluation (tinkering), constantly interacting
with the material.

Figure 5:
Content of the Material
Folder / Database.

The material is also placed between similar and/or alternative
materials (Benchmarking) to obtain insights into potential areas
of application and to understand the experiential properties and
experiences found in these areas through user multiple studies
(Giaccardi & Karana, 2015).
3.1.6 DIY MATERIAL DESIGN
The designer collecting all the information he has so far, is
experimenting with the final prototype of the handmade material.
To achieve this, he performs final technical tests to ensure the
appropriate objective properties, along with experience tests to
attribute the satisfactory subjective properties to the new material.
In this way, it is determined whether the material will be accepted by
humans.
After this step the designer has developed a new material so, he either
completes the design process by gathering all the information into
the Material Folder or applies the material in practice by designing
products.
3.1.7 MATERIAL FOLDER / DATABASE
By collecting the final data from all previous steps, an identity of the
new handmade material is finalized, and a Material Folder is created.
This Folder is part of a Material Database, accessible by everyone
which motivates open knowledge as well as experimentation (figure 5).
To be more specific, this DB contains useful and necessary
information helping designers to choose the most suitable material
for a product, review, reassess and develop ideas that had left behind
and study unfinished cases of other designers. This DB aims to
provide a tangible source of inspiration, with wide research and
multiple samples, to be an incentive of communication and perhaps
collaboration between design stakeholders such as companies,
researchers and users, and to facilitate design appraisal by different
aesthetic perspectives.
Furthermore, it enhances research and development activities, and
supports professors in knowledge transfer, as well as students of
the field in understanding, experimentation and expansion of their
knowledge. Extra goals are consultation, willingness for innovation
and awareness of more sustainable practices.
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3.1.8 PRODUCT CONCEPTS
Finally, the material is applied in product concepts, either by
creating a novel product that emerged through design process,
extensive understanding, study and testing, or by replacing an already
known conventional material as has resulted in Benchmarking with
other materials.
The already known design process is followed: Brainstorming Preliminary Design Phase - Detail Design - Prototyping. In this
case, however, the main purpose is to design products in line with
sustainable practices that return to the Economy. Material is the pillar
of design, as it determines not only the product’s aesthetics, but also
functionality and manufacturability. Final products coming out of
this process incorporate their own distinctive style and character and
differentiate from their mass-produced ones.
4. RESULTS
Designing with waste as raw material is a difficult endeavor, as
there is not always a clear brief, the information on the secondary
unconventional materials is unreliable and inaccurate and more steps
than a conventional design process are required.
Collecting, Evaluation, Disassembly and Classification have been
proved very important steps, as they determine whether waste items
can become raw materials and record all possible information
and aspects needed in the subsequent creative process. These are
the preliminary theoretical phase of the process, familiarizing the
designer with discarded and unconventional material and creating
the first impression. The Material Folder, on the other hand,
communicates the creation process at any point in time, and the
way the new material contributes to the Circular Economy and
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hence, to the environment.

healthy society, ecosystem and economy. For the deep restructure and
transition towards sustainability, a balance between realistic short
term and a utopian long-term solution has to be stuck.

Therefore, DWM combines two distinct methodologies, each one
specializing on different levels of abstraction of matter, when put
together they complement each other creating a more holistic
material experience for users and designers alike.
In practice, the implementation of DWM depends on the locally
available means and resources. Some industries are already operating
this way having adopted Circular Economy practices, such as repair or
remanufacturing.
Designers and companies working on self-production, understand
the necessity and value of moving towards a Sustainable Model
of production and consumption, and aim to be recognized and
accepted, not only for the economic benefit of their work, but
also for the social and environmental prosperity they foster. With
widespread acceptance, they will be able to be part of or even re-create
a new mass-production system, thus ensuring all three pillars of
Sustainability.
In this transition, consumers are a very important factor and cannot
be ignored. Just as there are different types of materials, products
and services, there are different types of consumers, with different
motives, needs and mentalities.
Marketing has been categorizing consumers and their needs, and has
recognized that in today’s society, consumers take environmental
factors into account, are aware of and demand sustainable market
solutions. In other words, there is a shift from the Consumer mind-set
to a DIY mind-set.
Products designed according to the standards of overconsumption,
are mass- produced, characterized by unsustainable aesthetics
(Walker, 2006) and are aimed to be replaced and disposed of rapidly.
On the contrary, DIY products, derived from unconventional raw
materials, are distinguished for human intervention and aesthetics
that is closer to the natural world.

This can also be an open dialogue between designers-makers,
consumers and the industry. Designers need to engage in a DIY
‘tinkering with the material approach’ that has the capacity to
be scaled up to industrial scale and process. At the same time,
changing our material culture and appreciating the handmade DIY
characteristics and narratives can lead to meaningful behavioural
change for people around the globe. This process is already
happening and creating tools that make it easier for designers to work
with waste is necessary.
Changing the way we think and interact with products on a material
level can maintain or enhance the value of the waste produced during
their life cycles. Based on this goal, the proposed Methodology, which
considers and exploits the data of the entire life cycle of a product
prior to collection, was designed to re-create value in a different way.
The end products that come out of this process incorporate their own
distinct style and character and are differentiated from their massproduced counterparts.
By embracing the human working hand, the imperfections and
the narratives of a DIY material, more meaningful connections are
forged between the user and the artefact, creating a long lasting
relationship that practically shifts the value system of society and
ontology of human non-human relation, from one of master-slave to a
collaborative model.
Finally, in addition to all the waste that accumulates in a city, building
industry is one of the heaviest waste generators globally. Therefore,
their effective exploitation, can benefit not only financially and
socially, but environmentally as well, because through innovative
social design, value is created. Leveraging waste to change our minds
and our cities can make the concept of waste a thing of the future.

These products last longer and highlight their background story.
Therefore, these DIY mind-set consumers, will choose a tailored
shopping experience, because they want to become co-creators
through the years and feel like they have unique products in their
home, ethically and sustainably created (Wolf & Mcquitty, 2011).
CONCLUSIONS
In conclusion, the transition from the contemporary linear model of
production and consumption towards a circular one cannot simply be
a theory but an everyday practice that will foster the emergence of a
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HYGROASSEMBLY

of these developments are structural assemblies that embody the
technical/biological duality of circular design, serving as performative
precursors to water-mediated infrastructure in tropical cities.
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1. INTRODUCTION
Relentless energy consumption, resource depletion, and waste
generation by industrial sectors such as the building and construction
industry has skyrocketed the quantity of greenhouse gas emissions
into a climate crisis (Abd Rashid & Yusoff, 2015). To respond to
this predicament, alternative design and construction models that
focus on sustainable use of resources must be actively pursued,
resolved, and implemented. In contrast to the linear “make, use,
dispose” paradigm that currently dominates the trajectory of
resources throughout their lifespans, circular design models call
for environmental restoration, the use of renewable energy, the
elimination of toxic chemicals that impairs reuse, and the elimination
of waste through the superior design of materials, products, and
systems (Moreno, De los Rios, Rowe, & Charnley, 2016).
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ABSTRACT
The current environmental crisis calls for the urgent implementation
of circular design principles in the creation of built structures,
including sustainable use of synthetic materials and increased
adoption of nature-bred biomaterials. This brings forth design
and fabrication challenges: as the history of architecture dictates,
integrating new material technologies into existing structural
typologies is a profound challenge requiring the development of
unfamiliar materials into constructs equal to their time-tested
predecessors. In addition to this challenge, biologically derived
materials are unpredictable and problematic within typical means
of production. One consistent problem with biomaterials is their
tendency to absorb water and change in stiffness and size. Rather
than resist this tendency this paper presents a method to augment
these changes to create responsive structures activated by the
biomaterial chitosan. These assemblies use chitosan as an actuator to
change global curvature in a series of trusses through the absorption/
evaporation of water. Computational fabrication, chemistry,
parametric design and simulation enable the complexities of this
dynamic materiality to be calibrated and predicted. Through an
iterative workflow a systematic series of responsive trusses have been
empirically tested, evaluated, refined, and scaled. The culmination
RESPONSIVE CITIES_ADAPT

240

These aspects are addressed in the formation of closed resource
loops. In particular, (McDonough and Braungart, 2002) have identified
two cycles in which resource loops flow: the biological cycle and the
technical cycle. Biological cycle encompasses organic materials that
return to the natural environment after use as a regenerative source
of nutrients, while the technical cycle includes inorganic or synthetic
materials that maintain their function without appreciable loss of
properties over time.
Physical constructs that are embodiments of both the biological and
technical cycles take advantage of the unique natural capabilities
and recyclability of biological materials as well as the concerted
efforts towards engineering high-performance synthetic materials.
However, and quite interestingly, such bio-enhanced performativebuilt structures require novel processes of design and articulation.
In context of this materialization challenge, this work presents the
development of passively actuated structures that respond to water
through absorption and desiccation. Passively actuated systems
achieve motion through the natural response of the constituent
material(s) transformation upon activation by specific environmental
stimuli, as opposed to an external input of power (Raviv et al., 2015).
This not only decreases consumption of energy that would normally
be required to actuate the structure, but also reduces the need for
expensive parts production and maintenance (Correa et al., 2015).
To date, built prototypes of passively actuated structures typically
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suffer from limitations in load-bearing ability and response time,
often taking hours to achieve appreciable changes in shape (Gupta et
al., 2019). Chitosan, a derivative of chitin, the second most abundant
biopolymer on earth after cellulose, is a responsive biomaterial that
can overcome these limitations in strength and speed. When formed
as a film, chitosan can fully absorb water in minutes, leading to an
increase in size and hydrogel-like behaviour that is mechanically
stable even in its saturated state (Dutta, Duta, & Tripathi, 2004).
By incorporating chitosan films as critical tensile members in
a cantilevering truss, a lightweight structural system with high
degrees of fast, water-mediated autonomous deformation is
conceived: saturating the films causes the cantilever to deform into a
programmed curvature that provides shelter for inhabitants beneath
the structure, whereas drying films undergo significant internal
forces that lift the truss into a second curvature that acts as an airredirecting air foil (Figure 1). This truss system and its reversible
movement includes aspects of both the biological and technical cycles
mentioned by McDonough and Braungart that contribute to a circular
material economy: the implementation of nature-derived chitosan as
a smart actuator, and efficient structural geometry using long-lasting,
high-performance synthetic materials fabricated through wasteminimized additive manufacturing. These principles are realized by
the production, testing, refinement, and scaling of prototypes which
offer glimpses of possible futures of adaptive, sustainably built urban
infrastructure.
Figure 1:
Schematic of a passively
actuated, water-responsive
structure that switches
between closed shelter and
open airfoil depending on
environmental conditions.
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2. METHODS
2.1 CHITOSAN FILM PRODUCTION
Chitosan is a derivative of chitin biopolymer, which is a building
block of the exoskeleton of insects, molluscs, and crustaceans (Dutta
et al., 2004). Industrial-grade chitosan was obtained in flake form
from FUJIFILM Wako Pure Chemical Corporation (Japan). To prepare
chitosan solution, 3wt% chitosan was dissolved in 2wt% acetic acid
solution and kept for 72 hours. Due to the presence of impurities, the
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solution was further purified by a vacuuming purification method
using a conical flask and Buchner funnel with 50 µm nylon filter
paper. Following the purification process, the solution was degassed
in a centrifugal mixing machine with a vacuum pressure of 0.1 kPa for
5 minutes at 2000 RPM to remove air bubbles.

Figure 2:
(a) Chitosan is first prepared
as a solution that is cast
into a mould lined with the
natural fiber reinforcement.
(b) Composite films with the
listed mechanical properties
are created after a series
of chemical and drying
processes. σt = tensile
strength, Fp = internal
pull force during drying,
E = Young’s modulus, μ =
Poisson’s ratio, Δl = range of
expansion when saturated
with 45°
fiber orientation.

To cast the solution into a film, the solution was poured slowly in
an acrylic mould that was lined with cotton fiber arranged at a 45°
angle (Figure 2a). The mould was then inspected for flatness using
a level indicator and kept in an oven at 60°C for 24 hours to dry.
During drying, the water particles evaporate, leaving a thin film in
the mould of desired thickness (0.3mm). To increase the strength of
the films, the films then underwent a neutralization treatment, which
is a chemical reaction between the acidic solution and 2wt% sodium
hydroxide (NaOH) aqueous solution that aligns the polymer chains
in the film to confer crystallinity. After neutralization, the films were
thoroughly washed with deionized water to remove remaining sodium
hydroxide and salts formed during neutralization. After washing,
the films were secured in frames to avoid wrinkles due to internal
shrinking forces experienced during a final round of drying for
minimum 1 hour at 60°C.
To provide material inputs for shape-change simulations (see next
section), characterization of the films and their properties was
executed, which includes results from tensile tests, internal drying
force (pull force) tests, and water absorption tests that were reported
in the previous work (Gupta et al. 2019). These results are summarized
in Figure 2b. This internal drying force was particularly important,
as it set a limit on the total truss weight that the films could lift when
drying. It was discovered that by changing the direction and amount
of pretension in the natural fiber reinforcement during the casting
and drying stages, the amount of hygroscopic expansion the chitosan
film undergoes could be programmed.
Initial tests with small-scale (~200mm in length) assemblies
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Figure 4:
Velocity gradient created by
structure in wet state (left)
and dry state (right) when
faced with oncoming winds.

Figure 3:
Investigation of effect on
film production process on
shape change behaviour.
(a) Lack of reinforcement of
the chitosan resulted in film
failure.
(b) 0° reinforcement
orientation limited the
expansion of the films. (c)
Large amounts of pretension
induced by tightly securing
the film during drying also
limited the film expansion.
(d) Having a film
fabrication method with 45
reinforcement and a degree
of flexibility in shrinkage
during drying resulted in
a large degree of shape
change.
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showcased the effect of these variables (Figure 3). Unreinforced films
suffered from breakage (Figure 3a). 0° orientation of the fibres with
respect to the film’s longitudinal axis resulted in inhibited expansion
(Figure 3b), as did securing the film tightly between a series of acrylic
frames during drying (Figure 3c). By orienting the fibres at a 45° angle
and giving the film more freedom to shrink (Figure 3d), desirable
amounts of linear expansion (~10-12%) were achieved that resulted in
large degrees of change in curvature profile. This expansion amount
was an input for the digital simulations.
2.2 DIGITAL SIMULATIONS
Computational design and simulation tools contribute to a
conservation of resources, especially for large-scale endeavours, by
allowing the user to digitally prototype design iterations without
needing to invest the material resources in creating mock-ups of the
built object. Furthermore, in the context of this research, simulation
was required to describe the kinetic nature of the responsive truss
system. To model the truss, a parametric computational design tool
was developed in the Grasshopper visual programming environment
in Rhinoceros to generate truss geometry based on desired film
length and drawn input curves representing the variation in depth
of the trusses along their length. This geometrical model was
then linked to a shape-change simulation tool using the Kangaroo
physics engine to apply the forces involved and attribute elongation/
shrinkage in length to the top tensile members of the trusses (the
chitosan films). The range of possible length variations determined
the changes in global truss curvature. The criteria for selecting a
shape change design was based on creating curvature profiles that
would increase the amount of sheltered area under the truss twofold
at sharp angles of rain. Furthermore, the dry state was intended to
emulate an air foil encouraging wind to move into the downward
space. To provide feedback to the amount of curvature necessary to
achieve appreciable changes in wind velocity, computational fluid
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dynamics (CFD) analysis was run on the design in dry and wet state
and post-processed for easy visualization (Figure 4). For each test,
steady state conditions were assumed, with the case setup as follows:
(a) 2m/s velocity vector field from +Y-direction, (b) corresponding fixed
pressure gradient in -Y-direction and (c) assigned slip symmetry to
remaining walls of bounding box for test region. Once truss profile
in wet state and dry state were tuned, the shape change design was
linked to the modelling of the bespoke truss details.

2.3 TRUSS FABRICATION
Trusses are a lightweight structural typology that are renowned
for their resource efficiency, offering structural performance with a
minimal amount of material input. To facilitate ease of assembly,
the trusses in this research were discretized into customized kitof-parts consisting of nodal joints, truss members (struts and ties),
and miscellaneous mechanical fasteners (Figure 5). The joints were
composed of two parts, a male and female connection, which fit
around a metallic dowel pin with two ball bearings that acted as a
rotational hinge to enable truss movement. The cumulative effect of
the rotation about each joint was a certain truss curvature change.
Therefore, each joint required specific, unique rotational freedom
to achieve the targeted curvature transformation, in addition
to accommodating various intersection angles and diameters
of surrounding truss members. A modelling tool was created to
automatically model this complex geometry using the node generated
from the Exoskeleton plugin as a base minimal-surface mesh. The
transversally-oriented members which hold the chitosan films
and accommodate variable member intersection angles were also
generated using this same method.
Due to their morphological intricacy and differentiation, the
joints were fabricated continuous fiber fabrication (CFF)-fused
deposition modelling (FDM) 3D printing technology on the Mark
Two Markforged printer, which integrates continuous carbon fiber in
a nylon matrix material to create a carbon fiber-reinforced polymer
composite (CFRP). CFF-FDM allows control over the reinforcement
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in a layer-by-layer fashion to achieve the desired strength of the
part while still providing the resource conscientiousness inherent
to additive manufacturing. Similarly, industry-grade CFRP hollow
tubes of 1mm thickness were selected to serve as the strut and ties
of the truss. These high-performance materials offered superior
strength and longer-lasting lifespans, and when combined with their
minimized mass, addressed the technical cycle of circular design.

Figure 6:
Small-scale fully assembled
structure undergoing a
shape-change test with an
added weight to observe
pulling capabilities of
the chitosan films
during drying.

Figure 5:
Components of the
structural assembly.

fabricated using the tools and methodologies described above (Figure
7). This prototype featured 13 bespoke joints and 13 chitosan films
and weighed just 1.2 kg. The truss was mounted on an aluminum
frame and subject to a variety of wetting and drying conditions. The
wetting strategies ranged from wetting using a handheld spray gun
to simulating rain with a low-pressure gardening hose; the drying
conditions varied from shade and cloud cover to sun exposure.
3 RESULTS
Once assembled, cyclic wetting and drying tests of the various truss
prototypes were conducted to observe the shape change, overall
structural performance, and actuation time. A series of small-scale
tests were first executed to critique these aspects, such as that seen
in Figure 6. Specimens of cantilever up to 250mm in length were
placed in a test setup with 50% relative humidity (RH) at 25℃ and
subject to a shower of water at room temperature for 30 minutes,
followed by a stream of air for 30 minutes for at least three cycles. In
terms of the actuation time, the experiments demonstrated that full
wetting actuation proceeded much more quickly, which was expected
given chitosan’s tendency to quickly absorb water. The ability of the
chitosan films to pull the weight of the truss in these small-scale
tests, in addition to extra load, was also validated.

While this scaled prototype demonstrated quick actuation and a
relatively large range of motion, some issues arose regarding its
structural performance. While no parts failed outright, torsion in
the structure was apparent, meaning that the joints did not offer
sufficient rigidity to constrain the motion of the structure to one
plane; however, this prototype was based on a previous joint design
that only contained one ball bearing, and so the current design
should mitigate this defect in future trials.
Also, one idiosyncrasy of the chitosan films at the cantilevering end
of the truss was to deform erratically, forming bends when saturated

Following the success of these small-scale experiemnts, a 2-m long
prototype to test the scalability of this system was designed and
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By saturating the truss with the hose and allowing it to dry outdoors
in the sun, the quickest actuation times of 4.5 minutes for full
wetting actuation and 23 minutes for full drying actuation were
recorded. This ability to respond within such a relatively short
period of time was considered a success. Furthermore, the change
in height of the cantilevering end was measured to be about 1 meter,
which demonstrates a high ratio of actuation range to the size of the
structure itself.
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CONCLUSIONS

and not under constant tension. Therefore, a component that would
continually tension the films was required. This led to the decision
to integrate an elastic textile membrane along the bottom of the
truss, whose internal pretension would invoke axial tension within
the chitosan films. It was hypothesized that this would also provide
an extra impetus for the truss to actuate to its curled state, thereby
potentially quickening the wetting actuation time even further. And
most emphatically, the inclusion of a lightweight, long-spanning
material would enable the realization of a fully-fledged canopy
(Figure 8).

In conclusion, a digital and physical framework for designing,
characterizing, fabricating, and testing new kinds of biomaterialactivated responsive truss systems, consisting of chitosan films,
3D-printed joints, carbon fiber tubes, and a textile membrane was
established. The computational tools allowed the designer to explore a
wide variety of truss shape changes with automated rationalization of
the target assembly. The series of physical tests on the built prototypes
have added to a library of data for understanding the capabilities
and limits of the system. So far to the authors’ knowledge, no other
hygroscopic large-scale application has reached the actuation time
and shape change range that this system has achieved. However,
much work still needs to be done in order to make this system into
a fully sustainable material construct that completely lies within
circular design principles. Long-term tests need to be conducted to
determine how long it will take the chitosan films to degrade with
exposure to feeding microorganisms, which would in turn indicate
how often the films would need to be replaced in the structure. In order
to be able to reuse the synthetic parts, the joints could be designed
to be reprogrammable, accommodating different angles of rotation
depending on what truss curvature is needed in a certain context.
If this is not possible, and if the required material advancements
have been made, the joints and truss members could also be printed
using biomaterials, forming an entirely bio-based assembly. It can be
envisioned that scaling this concept to fully-realized canopy structures
involving aggregations of the structural system could provide real-time
sustainable outdoor infrastructure in tropical climates.

Figure 7:
Shape-change test for
a 2m-long prototype.
Actuation time for wetting
shape was in as fast as 4.5
minutes by simulating rain.
Drying shape was reached
in 23 minutes when placed
outdoors in the sun (not
shown in this photograph).

Figure 8:
Perspective and axonometric
view of forthcoming 16m2
canopy consisting of
six responsive
cantilever trusses and
a textile membrane.
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rifts and dead ends. The Inhuman City becomes our starting point for
the urban and therefore the planet of the post-Anthropocene.
1. INTRODUCTION

Claudia Pasquero

The inhuman city is a research agenda of planetary inhumanity.
We as humans have allowed under specific political, financial and
epistemological models to introduce metabolic rifts of planetary
scale. As such we have transformed the cosmic dynamism of the
planet into ever decreasing metabolic processes that we habitually
call Earth. Processes that are not participating in the changes and
transformations, but that introduce stops and rifts forcing resources
and species into dead ends. Ends that are directly responding to the
many human needs generated by capitalistic forces worldwide. As a
consequence, man-made systems aim at ever increasing exaggeration
of production that is not participating towards the dynamic
metabolisms of the planet.
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ABSTRACT
The Inhuman City aims at mobilizing multiple forms of intelligence,
human and non-human, to redefine the urban.
In this paper the authors describe design as an activity carried on by a
biotechnological apparatus, or extended mind, that includes different
forms of intelligence: human, artificial, biological. By connecting
biological models, digital simulations and advanced fabrication
technologies, information is looped between the physical and the
digital realms, extracted from material systems and processed with
computational simulations, to be materialized through fabrication
and fed back into matter.
The specific case of the Arahnocomputer is described, a
biotechnological apparatus which includes spiders and their silk
webs. The results of this research demonstrate the potential of the
notion of ambiguous computation, intended both at epistemological
level and in its spatial actualisation.
The Inhuman City rethinks the urban in a post-capitalistic future
which is designed as form of inhuman society by constructing
and investing on extended minds such as an Arachnocomputer.
This computational synthesis operates not as analogy but proper
mechanism of furthering metabolic processes on the planet avoiding
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In this sense we assume that a proper recognition of Anthropocene
should not be focused on human species in a totalising manner but
should be focused on specific financial, political and epistemological
premises that define human as Anthropos; the Anthropos of the
Anthropocene. To our understanding therefore a forward-thinking
strategy is not to reform Earth in its past conditions neither to
terraform it into make it habitable again of and for humanity.
We envision a strategy to reproach the planet in its inhumanity
(Pasquero, Zaroukas, 2016). By inhumanity we assert the condition
where a hypothetical presence of human as an actor that maps and
organises solely the processes of the planet is absent. In that direction
we assume a first contact with an inhuman planet. A planet like the
Solaris of Stanislav Lem, whose encounter and observation leads us to
question modes of existence (Lem, 1961).
From within this conceptual framework, the Inhuman City project
aims at mobilizing multiple forms of intelligence, human as well
as non-human, to redefine the urban. The projects presented
here connect biological models, digital simulations and advanced
fabrication technologies at multiple levels. Information is looped
between the physical and the digital realms, extracted from material
systems and processed in the digital environment, to be materialized
through fabrication and thus fed back into matter. This coupling
is essential in order to move from a paradigm of computation as
problem solving to a form of cybernetic conversation capable of
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evolving and redefining the materiality of the planet we inhabit.

spiders for the design discourse was formed.

Within this framework data are no longer understood but they are
always experienced in the form of patterns, the aesthetic of these
patterns becomes a form of novel design language.

Recent scientific research shows how silk webs are tools which the
spiders use to extend their cognition, by mediating, processing and
transferring information from the environment (Apyassú, Laland,
2017) (Vollrath, Selden, 2007). Silk itself is the focus of much research,
for its potential in textile and medical applications (Hennecke, 2013).
While at a symbolic level, the presence of spiders in popular culture
is strong and timeless. Arachnids appear in painting, literature
and song-writing in various forms, often associated to a nocturnal
dimension or the unconscious.

2. THE EXTENDED MIND
In this sense the authors see bio-computational design techniques as
an integral part of the way we understand the process of developing
a project. They constitute a design as well as a cognitive tool. At an
intuitive level, the adoption of different tools (from the simplest ones
such as pen and paper, rulers, to 3d modelling software and beyond)
to sketch, develop and curate ideas create radically different design
scenarios. This is mainly because the cognitive apparatus at work
is deeply transformed by the presence of a tool instead of another
(Clark, 2003). In its most advanced, contemporary applications, the
extended mind can be described by the coexistence of two forms of
intelligence, human and artificial. Moving from these premises the
research presented here questions how to extend this paradigm by
incorporating in the extended mind a third actor: biological, inhuman
intelligence. Design is then an activity, a process carried on by a
thinking entity or a biotechnological apparatus that includes three
main forms of intelligence: human, artificial and, biological.

By designing and controlling such environment, the computation of
the spider can be influenced and oriented. This apparatus has been
tested as computational tool for architectural design. From the Greek
'arachno' (spider), we decided to name this the Arachnocomputer. We
modelled the Arachnocomputer as an extended mind that includes
human, artificial and biological intelligence.
In technical terms, at present, the Arachnocomputer is composed by
the following components:

3. THE ARACHNOCOMPUTER
Which kind of epistemological shift could the notion of biocomputation and the engagement with alien form of intelligence
bring to Architecture and Urban Design? If we go back to the Latin
meaning of the word ‘computing’, which would be ‘con-puto’ or
‘thinking with’, the operation of computing does not simply solve a
mathematical problem but embodies a cognitive act; the first modern
computer were in fact an hybrid between men and machine, as they
required the presence and co-operation of humans to function. A
bio-computer is here a computing entity, which is made of biological
material, rather than silicon.
Which kind of alien intelligence can become part of this system?
The typically recognized form of biological computation is the Slime
Mould, or in scientific terms Physarum Polycephalum (Adamatzky,
2010), that the authors have discussed elsewhere. Yet that is not
the only one available for experimentation: in this paper we will
concentrate on the description of what we have called Arachnocomputation.
In the last few years the authors shifted their research focus to
insects, with a special interest on silk spinning creatures such as
silkworms and spiders. Initially the interest in spiders was driven by a
curiosity about fibrous morphologies, which was explored by pairing
digital simulation of fibrous morphologies and biological models of
spinning creatures. Then an understanding of the wider relevance of
RESPONSIVE CITIES_ADAPT

Beyond mediating cognitive processes, the spider web itself can be
understood as the output of a computation performed by the spider,
a biocomputer whose input is the environment where it lives, and
the output is the morphological transformation of the spider web.
Intensive and extensive properties from the environment inform the
spinning activity and the shape of the web at any given time.
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. a site model
. a biological model
. a digital representation of the biological model
. a digital simulation model
. the flow of information between them
The site model is an abstraction of the actual context of the
architectural intervention. Such model relies exclusively on data
representations to model both the extensive and intensive qualities of
the physical world.
The biological model is fundamentally constituted by an transparent
box (in the case of this experiment realized in 3mm acrylic), that
contains the spider and a 3d printed substratum within it, and
acts as a frame for the biological simulation. Geometrical features
of both the box and the lattice, size and shape, are determined by
information extracted from the site model. The biological model
constitutes an experiment whose observation is performed through
a variety of media including photographic recording as well as laser
scanning of the emerging silk formations and tracking of the position
of the spider. Such observation sets the ground for the creation of a
digital representation of the biological model, which is accordingly
populated by the digital processing of the silk patterns and movement
THE INHUMAN CIT Y / NASSET TI – PASQUERO – Z AROUK AS
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of the spider. This information is then used to feed a simulation
model that controls the design of digital fibrous morphologies. The
digital simulation is thus oriented and governed by information
extracted from the biological model. Eventually such morphologies
are merged with the site model. Such combined model constitutes the
fundamental outcome of the design process.

Figure 2:
Relationship between
spider's web and 3d printed
substratum.
Image by C. Pasquero, F.
Nassetti, E. Zaroukas, H.
Chen, X. Guo, X. Zhang.

The Arachnocomputer proposes a computational paradigm which
overcome computation as a problem-solving tool and propose a
self-organizing and systemic reality which cannot be understood by
separating the computer from what is computed.
4. BIOLOGICAL MODEL: PRELIMINARY EXPERIMENTATION
Over the last two years, an extensive experimentation with living
spiders has been carried out at the UCL The Bartlett School of
Architecture, Urban Morphogenesis Lab, with the goal to understand
how their computational activity may be integrated in design
prototypes. The researchers worked mainly with two types of spiders:
Asian Fawn Tarantula (Chilobrachys Huahini) and Indian Ornamental
Tarantula (Poecilotheria Regalis) (Figure 1). These two species of
spiders proved to have very different behaviours in relationship with
the experiments proposed.

morphology, may be controlled or oriented via the design of the
environment into which the spider is placed (Oxman, 2013).
Most of the experiments featured the same basic setup: a transparent
acrylic box, within which a 3d printed lattice structure and a single
spider are being placed. The size of the acrylic box, and the resolution
and shape of the lattice vary from experiment to experiment. An
observation system completes the apparatus, composed by one or
more digital cameras locked in a stable position, lighting and a
protocol indicating when the recording is meant to happen.

While the former has a solitary attitude, and tends to spin a web
with a volumetric, tubular shape, the latter has a collective spinning
Figure 1:
Asian Fawn Tarantula
(Chilobrachys Huahini).
Image by C. Pasquero, F.
Nassetti, E. Zaroukas, L.
Zhu, Y. Sun, H. Ye.

A first set of experiments (Figure 2-3) shows how the size of the basic
cell of the 3d printed lattice is influencing the shape of the web.
There is a relation between the anatomical size of the spider and the
Figure 3:
Relationship between
spider's web and 3d printed
substratum.
Image by C. Pasquero, F.
Nassetti, E. Zaroukas, D.
Guan, K. W. Wang.
Figure 4:

attitude, and the morphologies of its web are less distinctive. The
Asian Fawn also seemed to be more generous in its spinning in all
the experiments that were executed. The case studies described below
and the Arachnocomputer feature only the Asian Fawn, which the
researchers chose for both the geometrical properties of its web and
the ease to perform an experiment with.
As a general indication, the interest of such experiment was
to understand how the computation of the spider web, and its
RESPONSIVE CITIES_ADAPT
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one of the geometrical features of the environment within which it
spins. The Asian Fawn would tend to spin a tubular web, but both
below and above certain dimensional thresholds, this cannot happen,
as the web needs some kind of scaffolding to be tensioned against.
A second set of experiments, culminated in the model Xenoderma
(Figure 4-5-6), demonstrates how this dimensional thresholds can
be established and similar experiments iterated. In Xenoderma, a
prototype for a building facade that includes farming units for the
production of spider's silk, the shape of the lattice within each unit
changes according to an overall gradient.
A third set of experiments took as reference an experiment from
NASA (Noever, Cronise, Relwani, 1995) where the spider was fed with
different psychotropic substances with the goal to observe their
influence on the formation of the web. The researchers worked mainly
with coffee and alcohol with the goal to understand whether their use
can drive or orient the morphogenesis of the web. Different patterns
of spinning related to different substances were observed.
5. BIOLOGICAL MODEL: INFORMATION EXTRACTION
In order to link the biological model to the digital simulation
model, and have the computation of the spider influence the design
morphologies, a flow of information between the two must been
established. This requires the creation of a digital representation of
the biological model.
Image by C. Pasquero, F.
Nassetti, E. Zaroukas, M. Li,
X.Liang.
Figure 6 (previous page):
Xenoderma, growth
sequence. Image by C.

The following methods have been explored to obtain a digital
representation of the biological model:
. density mapping of the spider's web
. tracking of spiders movements
. 3d scanning of the spider's web
Density maps can be created by taking pictures of the biological
Xenoderma, units.
Image by C. Pasquero, F.
Nassetti, E. Zaroukas, M. Li,
X.Liang.
Figure 5:
Xenoderma, full model.

model, analysing the densities of the spider's web by measuring the
intensity of its white colour in the images, and distributing points
accordingly in a bidimensional graphic representation.
The movements of the spider can be tracked by using two cameras
that record its position within the experimental unit at regular
intervals of time; points in 3d space can thus be identified and a
curve interpolated between them, that approximates the trajectory
of the spider. The 3d scanning of the web is performed with the use
of a laser light and a camera (Su, 2018). The light is moved along the
depth of the acrylic box in order to progressively show one section of
the web at a time, which is then shot and recorded. The individual
images are processed by analysing the densities of the web and
distributing points accordingly, as described above; it is then possible
to stack all these data in a single 3d file and extract a points cloud that
approximates the distribution of material of the web.
6. DIGITAL SIMULATION MODEL
The digital simulation model and the design fibrous morphologies
it controls are based on an extensive use of the shortest walk
algorithm, in the A* implementation that extends Edsger Dijkstra's
1959 algorithm. In graph theory, the shortest path can be defined as
the problem of finding a connection between two nodes in a graph
such that the sum of the weights of the edges that constitute the
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Pasquero, F. Nassetti, E.
Zaroukas, M. Li, X.Liang.

connection is minimized (Figure 7). In the simulation model of the
Arachnocomputer, the graph coincides with a three-dimensional
grid overlaid to the site model. The start and end nodes of the paths
being computed are defined by the input of the simulation model,
specifically information being extracted from the biological model.
The shortest path algorithm computes connections along the grid
whose length is minimized.
Different types and resolution of grids can be used, which profoundly
affect the outcome of the simulation. The researchers worked mainly
with 3d Voronoi diagrams and octahedra/tetrahedra packings. In
both cases, edges of the composing geometries are being considered
as basic constituents of the graph onto which the shortest walks are
computed (Figure 8-9-10-11).
7. THE ENTONOMO CITY
The Arachnocomputation material interface has been applied to the
design of the Entonomo City project in the Siam shopping district,
in Bangkok. The proposal promotes an entomophagy attitude in the
city and makes use of urban morphology as a medium to organize
human as well as insects’ spaces in the city. Insects are considered by
many the food of the future, due to their intense proteins content, at
the same time their presence in urban context defines an increase in
urban ecology as well as biodiversity.
The researchers identify three main human leisure activities: walking,
eating and contemplating associated with a set of four building
prototypes dedicated to production, consumption and inhabitation.
The prototypes are materialized by a set of redundant fibrous systems
3D printed across the cityscape and defining a synthetic layer over
Siam which is simultaneously natural and artificial. The prototypes
are identified by the morphology of their patterns and by the
numbers that have been generating them, they are form of abstract
materialism. In this project, the design of the Arachnocomputer
focuses on a skywalk that crosses the Siam district. It is a pedestrian
space underneath an elevated train line which the designers seek to
transform in a space for distributed food-related activities such as
market stalls and gathering spaces. A specific segment is isolated, and
abstracted in a digital model, to constitute the site model (Figure 12).
Such site model indicates the relevant features of the biological
model with spiders: notably, the size and proportions of the acrylic
box constituting in this case the biological simulation framework;
the shape and densities of the 3d printed lattice within it. The former
mirrors the proportions of the site model, the latter is related to a
diagram of the main walking trajectories and pedestrian flows (Figure
13). An Asian Fawn spider is then placed inside the acrylic box and its
behaviour is observed and recorded over several days. The spider spins
its web in relation to the geometrical constrains of both the lattice
and the acrylic box.
The spider is then extracted from the acrylic box once the simulation
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Figure 7
(top previous page):
Shortest walk algorithm.
Image by C. Pasquero, F.
Nassetti, E. Zaroukas, T.
Casucci, C. Yao, H. Jiang, B.
Dong.
Figure 8
(center previous page):
Digital simulation model,
octahedral grid. Image by
C. Pasquero, F. Nassetti, E.
Zaroukas, Y. Huang, Y. Yang,
F. Jiang, Q. Luo.
Figure 9
(bottom previous page):
Digital simulation model,
octahedral grid.
Image by C. Pasquero, F.
Nassetti, E. Zaroukas, H.
Chen, X. Guo, X. Zhang.

Figure 10 (top):
Digital simulation model,
growth sequence.
Image by C. Pasquero, F.
Nassetti, E. Zaroukas, L.
Zhu, Y. Sun, H. Ye.
Figure 11 (bottom): Digital
simulation
model, prototype plan
and sections. Image by C.
Pasquero, F. Nassetti, E.
Zaroukas, L. Zhu, Y. Sun,
H. Ye.
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Figure 12:
Bangkok, Siam district,
skywalk.
Image by C. Pasquero, F.
Nassetti, E. Zaroukas.

Figure 13
(top next page): Relationship
between site model (walking
trajectories) and biological
model (3d printed lattice).
Image by C. Pasquero, F.
Nassetti, E. Zaroukas, L.
Zhu, Y. Sun, H. Ye.
Figure 14:
Spider's web information
processing: from biological
model to digital simulation
model.
Image by C. Pasquero, F.
Nassetti, E. Zaroukas, L.
Zhu, Y. Sun, H. Ye.
Figure 15
(bottom next page): Spider's
web information processing:
from 3d scanning of the web
to digital simulation model.
Image by C. Pasquero, F.
Nassetti, E. Zaroukas, L.
Zhu, Y. Sun, H. Ye.
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reach saturation and the spider web is 3d scanned. The spider's
web point cloud is then fed into the digital simulation of fibrous
morphologies. The resulting formations change in density, orientation
and shape according to the variations of the spider's web (Figure 14).
The simulation model is then extended to cover a wider part of the
Siam district, envisioning how the same organisational logic and
aesthetics can be applied to an extended food district. Patterns of
densities extracted from the 3d scanning of the web act as diagram to
formulate a protocol of relations with human activities and insects'
farming, which is then proliferated to the extended site. The fibrous
morphologies of the simulation model are organized according to
multiple resolutions and grids, each of which distributes and controls
a different programmatic layer of the food district (Figure 16-20).
8. CONCLUSIONS
In conclusion, rather than recalling memories of a better past the
inhuman planet forces us to reposition ourselves within a thick
metabolic network of processes that recognise no distinction between
nature and culture, natural and artificial, organic and mechanic.
By connecting biological and digital models at multiple levels, the
experimentation and projects presented here aim at defining a
design method based on the establishment of an extended mind
where different forms of intelligence interact: human, artificial,
biological. Boundaries among them are uncertain and objects become
ambiguous. We are aiming at reforming the planet into a new Earth
and in order to do this we are looking to redefine urbanity at cosmic
scales of dynamic metabolic circuitry that weaves together processes
of heterogeneous genealogies of the machinic that is from biological
to computational to mechanical to urban.
The projects discussed in the article bring forward the notion of the
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Figure 17 (top): Extension
of spider's web information
to the whole site. Image by
C. Pasquero, F. Nassetti, E.
Zaroukas, L. Zhu, Y. Sun,
H. Ye.
Figure 18 (bottom): Design
model, whole site
Image by C. Pasquero, F.
Nassetti, E. Zaroukas, L.
Zhu, Y. Sun, H. Ye.

Figure 16:
Relationship between
spider's web densities and
program, catalogue of
conditions. Image by C.
Pasquero, F. Nassetti, E.
Zaroukas, L. Zhu, Y. Sun,
H. Ye.

inhuman city, it rethinks the city and the urban in a post-capitalistic
future which is designed as form of inhuman society by constructing
and investing on what we have called an arachnocomputer.
This computational synthesis operates not as a model or analogy
but as a proper mechanism of furthering metabolic processes on
planet avoiding rifts and dead ends. The inhuman city becomes
our starting point for the urban and therefore of a planet of the
post-Anthropocene. The authors feel the need to stress again the
importance of understanding the Anthropos of the Anthropocene not
as the generic and totalising human but the human of a capitalistic
order with specific political directions and well established human
centric epistemologies.
The Inhuman city is our starting point to re-plan the urban in details.
Planning in our sense is provisional speculative strategy re-evaluated
on the go by context specific tactics.
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Figure 19
(top previous page): Design
model, detail. Image by C.
Pasquero, F. Nassetti, E.
Zaroukas, L. Zhu, Y. Sun,
H. Ye.
Figure 20
(bottom previous page):
Design model, 3d printed
model. Image by C.
Pasquero, F. Nassetti, E.
Zaroukas, L. Zhu, Y. Sun,
H. Ye.
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POST-FOSSIL GROWTH
SCENARIOS FOR ARCTIC CITIES

Arctic, is now open to commercial shipping all year round and cities
and towns along it grow and are becoming major global oil and gas
export hubs. This widely determines the face of urbanisation in this
region, as non-human settlement growth, meaning the expansion
of large machinery and infrastructure domains without permanent
human presence, leads to vast automated landscapes as described by
Otero-Verzier (2019) and Young (2019).
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This paper argues that the economic focus on oil and natural gas in
the region needs to gradually shift towards more sustainable and
resilient economic areas. It is suggested by the authors, that Direct
Air Capture (DAC) of carbon dioxide and Carbon Capture and Storage
(CCS), technologies that remove carbon dioxide from the air and
store it or process it to synthetic fuel, can become alternative drivers
of urban growth. The production of carbon neutral fuel would even
mean a shift towards a Circular Economy (CE). Furthermore, the need
for an economic framework of carbon emissions trade and global
regulations has been identified.
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Current Developments in the Russian Arctic
While CO2 emissions rise continuously, the Arctic ice is melting
as quickly as never before (IPCC, 2014). As a result, its rich fossil
resources become more easily available and large-scale investments
are already being made by countries like Russia, China and the United
States into their exploitation.
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As a result, cities within the Russian Arctic Circle are expected grow in
size and economic power. Their trade volume with Europe and China
has already risen significantly (McGwin, 2017).

ABSTRACT
While cities in the Arctic Circle face an unprecedented temperature
increase, fossil resource exploitation is being heavily expanded. The
Northern Sea Route, connecting China and Europe via the Russian
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This will not only accelerate climate change further but also spur
urban growth in the Arctic Circle. China has started to work together
with Russia to develop cities and infrastructure along the “Polar
Silk Road” as part of their global, multi-trillion-dollar Belt and Road
Initiative (The State Council Information Office of the People’s
Republic of China, 2018).

A New Face of Urbanisation
Since this urban growth is currently entirely connected to fossil
resource exploitation, especially Liquefied Natural Gas (LNG), a large
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Figure 1 (next page):
Map of the European and
Russian Arctic, with the
Barents and Kara seas.

regional and global ecological impact is expected. Especially rich in
oil and gas reserves are the areas around the Barents and Kara Seas
with cities like Murmansk, Sabetta, Novy Port and Yamburg (see
figure 1). In recent years, towns like Sabetta with 3,000 inhabitants
have sprung up. It was built and is now owned by a private joint
venture company consisting of the Russian energy company Novatek
(50.1%), French energy giant Total (20%), the China National
Petroleum Organisation (20%) and China’s Silk Road Fund (9.9%). Due
to its remote location and the harsh conditions, most buildings and
plant sections have been assembled as far as possible in China and
elsewhere before being shipped on large, specialised ships to Sabetta
to enable rapid on-site construction. A large international port has
been built, as well as housing and facilities for the new inhabitants
and even an ice hockey arena for their local team. All is centred
around the vast LNG plant that processes the gas that has been
pumped out of the ground in the surrounding gas field. Pipelines
are stretching out into the thermokarst landscape that connect the
19 multiwell pads to the plant (see figure 4). These pipelines are
accompanied by new roads and electricity lines to service each pad,
creating a tentacle-like network of connections centred around the
plant complex. The role of humans at this new frontier of urbanisation
is mainly that of observation, supervision and maintenance.
Their presence is focussed on the centre of the settlement where
accommodation and facilities for the inhabitants are provided,
whereas the hinterland with its numerous wells and the massive
infrastructure of transporting the gas from the wells to the plant and
from there onto the ships is in the domain of a Machine Landscape
(Young, 2019). It provides an insight into a time that Bratton (2013,
2019) describes as the Post-Anthropocene. Spaces that are crucial to
the modern life of humans such as oil rigs, global shipping routes,
ports, online warehouses and server farms are at the forefront of
urbanisation and create so called Automated Landscapes (OteroVerzier, 2019; Young, 2019). Often, they are “environments that not
only have no need for human presence but require human absence in
order to function” (Manaugh, 2019, p.38). This half human, half nonhuman landscape is the new face of urbanisation in the Arctic.
Potential of Alternative Urban Growth Through Circular Design
The potential for alternative, non-fossil fuel based urban growth
through circular design is high. The low amount of population and
low bureaucratic planning permission obstacles are currently used
to rapidly push through numerous projects for fossil fuel extraction.
It can however also be used to trial different, sustainability-focussed
economic and urban growth models and hand the decision-making
power back to local residents. This paper specifically looks at the
role of carbon capture and storage technology and the processing
of carbon dioxide to clean biofuels as drivers for a different urban
planning vision based on circular economy. The goal is a lasting
coexistence of natural, mechanical and human parts of the urban
environment and its surroundings. For urban planners it will be
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crucial to acknowledge that large-scale automation and the absence of
humans will be a major aspect of both fossil and post-fossil, circular
cities. Here the concepts of Automated Landscapes and Machine
Landscapes (Otero-Verzier, 2019; Young, 2019), where human presence
is not required for urban growth and the functioning of systems, will
be the new norm. As Otero-Verzier (2019) correctly assesses, the field
of Automated Landscapes needs a critical spatial examination by
architects and planners.

Figures 2, 3:
Natural gas extraction wells
with CCS capability and DAC
facility with CCS injection
well.

Linking Urban Planning to Technological Advancements
This article attempts to investigate the sustainable potential
of urban machine landscapes, specifically relating to carbon
capture technology. It locates the debate of fossil fuel to clean
energy transition as well as carbon capture in a specifically urban
environment and with that into the realm of urban planners and
architects. Specifically, the possible responses of Russian cities
within the Arctic Circle (66°33´north) to climate change and their
potential for sustainable urban development through circular
economy are being addressed. First, a review of current technologies
and main companies in the field of carbon capture is conducted.
This is followed by exploratory research into their implementation
potential in the selected region. Finally, the town of Sabetta on
the Yamal Peninsula is selected as a case study to demonstrate an
implementation strategy.
2. ANALYSIS AND DISCUSSION OF RESULTS
2.1 CARBON REMOVAL TECHNOLOGY
From the pool of approaches to curb the effects of climate change,
a number of them will have to be implemented in parallel to meet
the target of limiting global warming to 2 °C (IPCC, 2014). One of
them is Direct Air Capture (DAC), a technology that extracts carbon
dioxide from the ambient air. Large fans draw in the air and circulate
it over filters that feature different chemical solutions, depending
on each company and patent. It is then being heated and processed
so highly concentrated CO2 is the result. Pioneering companies in
this field are Swiss Climeworks and American CarbonEngineering.
If DAC is combined with Carbon Capture and Storage (CCS) it lowers
the global atmospheric concentration, called negative emissions
(MCC, 2016). For that, the extracted Carbon is injected deep into the
ground, mostly in depleted oil or gas reserves, sandstone formations
or basaltic rock layers (Bourzac, 2017) (see figures 2 & 3). Currently,
the cost of removing one ton of CO2 from the air is around 100
US$. The average EU28 citizen emits around 7 tons per year with an
average US-American emitting 16 tons per year (Muntean et al., 2018).
Recently, CarbonEngineering has developed an industrial process in
which the captured CO2, with the help of small amounts of natural
gas, is made to react with hydrogen, that has been derived through
electrolysis of water (Keith et al. 2018), to create carbohydrate clean
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fuels. These synthetic fuels can be compared to biodiesel and used
in combustion engines of cars, or even as Jet-A aviation fuels. This
closes the product loop of carbon emissions and can be seen as a
move towards a Circular Economy (CE) of fuel, while it provides a
sustainable economic future for urban growth. The question that this
paper attempts to answer is, how the Arctic cities can respond with a
shift towards Circular Economy (CE) as the ice melts and new fossil
fuel reservoirs are opened up.
2.2 EXPLORATION OF URBAN GROWTH SCENARIOS
The Case of Sabetta: Phase 0, existing town
The current company town of Sabetta is centred around the LNG
plant which is adjacent to the port. Connected to this centre are all
the drilling pads as described earlier through roads, power lines and
pipelines, forming a tentacle-like centralised network. Currently part
of the town is also an airport that is used to bring personnel in and
out, predominantly from Moscow. Housing areas exists in several
locations across town, but the biggest cluster is in the north of the
settlement. Mineral extraction activities and secondary industry
have been established often close to the well pads, to make use of
the existing infrastructure, or along the coast. Only a small section
of the settlement is inhabited by humans regularly, most of it is only
checked and patrolled by workers.
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Figure 4
(top previous page):
Phase 0: Existing town
of Sabetta [Image Source:
Google Earth, Image © 2019
Digital Globe,
Image ISCAO, Image © 2019
Maxar Technologies, Image
Landsat / Copernicus].

Figure 5
(bottom previous page):
Phase 1 of urban growth
[Image Source: Google Earth,
Image © 2019 Digital Globe,
Image ISCAO, Image © 2019
Maxar Technologies, Image
Landsat / Copernicus].

Figure 6:
Phase 2 of urban growth
[Image Source: Google Earth,
Image © 2019 Digital Globe,
Image ISCAO, Image © 2019
Maxar Technologies, Image
Landsat / Copernicus].
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Especially the well pads are predominantly non-human machine
landscapes. The town of Sabetta can thus be divided into a human
part in the centre and a non-human part in the periphery. The
hinterland has become an automated landscape.
Phase 1
In this phase, fossil-based economic activity around gas and oil
production is still expected to grow as traditional investment will
persist in the short future. The number of drilling locations will
increase while some old wells may become depleted. At the same
time, CO2 air extraction technology (shown in dark pink) will be
deployed around the main emission sources such as the plant and
the workers accommodation. Investment is slowly shifting away from
the fossil fuel sector and the drilling wells start their simultaneous
task of injection and storage. The human domain of the city will grow
and expand to accommodate the necessary increase in workforce,
while more “links” into the machine hinterland will be established
to sustain this human city growth. Plants to store and process the
extracted CO2 (shown in light pink) to sequestrate it underground or
transform it into biofuel are required close to existing plants and the
port to make use of the existing pipeline and power infrastructure.
Phase 2
Now, the drilling wells that are scattered like electrodes over the
surface of the surrounding landscape become the origins of further
growth. As they are already connected to the human city centre,
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attaching more non-human functions to them is simple. Centred
around each well pad well, additional functions such as indoor tree
farms, server farms and CO2 air capture facilities emerge.

Figure 7:
Phase 3 of urban growth
[Image Source: Google Earth,
Image © 2019 Digital Globe,
Image ISCAO, Image © 2019
Maxar Technologies, Image
Landsat / Copernicus].

More and more wells stop to extract gas and focus only on carbon
storage. In this stage, the settlement diversifies in its economic
activity and becomes the home of a new type of civic society that is
committed to restoring the carbon cycle of our planet. The knowledge
around the CO2 industry that exists now in this city is valuable and
R&D facilities and personnel increase. The carbon processing is now
advanced enough to receive ships loaded with CO2 that bring back
the emissions from where the gas was sold to and combusted, mainly
Europe and China.
Phase 3
With a diversified economy, the character of the city starts to change.
A civic life takes hold and the shift towards the knowledge economy
becomes evident. By now, the supply chain connections in Europe,

Figure 8:
Diagram of urban
growth process.

emissions. The potential to implement DAC, CCS and the production
of synthetic fuels in and around the growing Arctic cities is high.
The global atmospheric concentration of CO2 is the highest on the
north pole through large parts of the year (see figure 10) even though
the emissions are produced globally (see figure 11). Furthermore,
the geological formations have been explored and documented
for oil and gas extraction and wells have already been drilled. In
small amounts, CO2 is already injected to flush out the last natural
gas from the reservoirs and enhance oil extraction. The know-how
of drilling and energy companies in the region is of great value
to a possible implementation of new technologies. The resources
to produce synthetic fuels, Water and Natural Gas, are available
and there is space in abundance. A large project for a subsea highspeed data cable is currently underway along the Russian coastline

Figure 9:
Illustration of urban
integration of Direct Air
Capture (DAC) facilities
in an Arctic city.

China and the rest of the world have adjusted to the new carbon
reservoirs and the awareness of the “artificial lung” in the arctic circle
is everywhere. More cities like Sabetta start to proliferate in the Arctic
Circle. Cryptocurrencies based on blockchain could offer the potential
to bring carbon trade down to the end consumer level.
2.3 RESULTS AND DISCUSSION
The findings suggest that Carbon Capture and Storage facilities could
potentially provide sustainable urban growth while reducing global
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connecting Kirkenes in Norway with Shanghai in China. This could
prove essential for new companies to settle outside of the fossil fuel
sector. Finally, the location along the Northern Sea Route between
Europe and China, both large importers of natural gas and emitters
of carbon, is not just strategically important for export but could
potentially become important in the future if the ships that currently
return empty would transport liquefied carbon dioxide.
In the case of the settlement of Sabetta, this can be implemented
as shown in figures 4-7. DAC facilities could be established close
to emission sources and also in a distributed network in the
surrounding South Tambey Gas Condensate Field at the drilling pads,
to maximise the reach.
Figure 10:
CO2 concentration in the
atmosphere (Data: esrl.noaa.
gov, 2017).

Gas extraction and injection wells already exist, 208 in total, which
can be used to sequester CO2 in the reservoirs. As roads, pipelines
and electricity grids out onto the gas field exist too, the operation of
the DAC facilities and the collection of the filtered CO2 is simpler and
quicker than elsewhere. Next to the LNG plant that produces 16.5
Mt/year, which forms the centre of the city, another plant could be

Figure 11:
CO2 emissions
from fossil fuel combustion
(Data: ecoclimax.com, 2017).

established that turns CO2 into clean burning fuel. With a capacity of
20-25 Mt/year it would match the energy output of 8.9 Mt Barrels of Oil
Equivalent (BOE) of the LNG plant.
This exploratory study found that the biggest obstacle to the
implementation of carbon dioxide removal facilities is the lack of
economic incentive and international governmental regulations
(Bourzac, 2017). It is urgently necessary to create an economic
framework in which carbon removal can be traded or incorporated
in pricing of existing products. Current attempts include a model
that the Norwegian government uses in which it connects the award
of drilling licenses to the re-injection of carbon dioxide into the
emptied reservoirs. Another way is Climeworks’ financial plans for
private individuals, where one can sign up for a monthly fee and a
fixed amount of CO2 and then track the removal in an online account.
A different but promising direction at the moment is a connection
to cryptocurrencies such as Ethereum, which has the ability to store
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information about the production process of goods and is resistant to
hacking through its blockchain base. Consumers and CCS companies
could be rewarded based on their carbon balance.
CONCLUSIONS
To summarise the key findings of this paper, expansion of fossil fuel
extraction in the Arctic is a major problem for the global CO2 cycle
and will accelerate global warming further. The Arctic Circle and
specifically the Polar Silk Road are geographically promising locations
for the implementation of circular economy through Carbon Capture
and Storage and carbon trading. Here, international investment
is happening on a large scale, led by China. It can, however, be
redirected into sustainable activity to boost the production of biofuels
and generate value through carbon sequestration. The main obstacle
this paper identified is the lack of governmental guidelines and
regulations on how carbon emissions should be captured, processed,
traded, stored or sequestrated. If clarity can be provided on these
topics on an international scale, the financialization of emissions
can progress and international, digital networks of trade that
acknowledge natural systems as a stakeholder can be developed more
effectively. This will eventually lead to a growth in Carbon Capture
and Storage activity and other ways of carbon emissions mitigation.
The other main topic this paper discussed is that landscapes
of resource extraction and processing are becoming ever more
automated and void of human presence, leaving a new kind of
“automated landscape” or “machine landscape” (Young, 2019). Both
fossil and post-fossil urban and non-urban landscapes in the arctic
will be comprised of a mainly non-human part.
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The implementation of circular economy and circular urban systems
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nature and global supply chains.
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BIO-MON
An urban intervention

The design provides opportunities to utilise technology for achieving
high energy production and adapt to any space or shape as required.
Using digital fabrication strategies to build the module with easily
available substances makes the procedure simpler for required
reproduction.

generating energy through
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1. INTRODUCTION

Maya Mohan

Lack of thought given to the amount of assets, energy and space used
at some stage in the initial phase has led us in a position to stand
demanding situations such as expanding urbanisation, lack of sources,
weather and environmental changes and so on. Addressing this
climatic problems and innovations related to the issues, this research
worked with an interdisciplinary technique intersecting biology,
computation, design and technology to broaden nature-based solutions
for the new towns. This system would enhance the quality of the
environment as well as produce energy within the process.
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ABSTRACT
Bio-MON is a novel innovation, utilising fundamental concept of
electro wetland and adding to it an architectural factor to function in
urban spaces. An electro wetland is a natural wastewater management
system that uses organic matter to generate electricity through
oxidation (Urbangreenup.eu, 2019).
Studies show that the electro wetland system has been applied
in several disciplines previously. However, only a few have been
carried out in an architectural approach. This paper investigates the
application and use of this multidisciplinary technology relating to
design, computation and digital fabrication to explore the use of these
strategies to create better spaces for living through a regenerative
circular design. This fits the circular design by returning useful
energy sources to the environment by finishing a cycle that produces
outcomes like electrical energy, purified water and air.
Additionally, manufacturing and construction process of Bio-MON is
eco-friendly, reducing costs and wastes of natural resources. Unlike
linear patterns, this can continue working and producing resources
after primary use.
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There are architectural innovations within the new and upcoming
building technology seeking to reduce negative impact on the
environment in addition to help boost the resources. However, the
window for new systems is quite smaller as compared to the already
existing ones. Therefore, innovations that could adapt to the existing
ones can yield better results when being used on a large scale.
The purpose as a whole is the generation of energy while
simultaneously purifying greywater for the purposes of irrigation,
or other public usages. The process involved in an electro wetland to
create energy using the bacteria in the soil is enhanced through the
modules and its components.
Bio- MON is primarily based on few segments, such as, the circularity
and mechanism of the electro wetland system; determining the layers,
design elements and the fabrication process, choosing the most suitable
plant that allows to make contributions to the overall performance of
the modules.
2. BACKGROUND
The constructed wetland systems (CWS) for wastewater management
facility entails the use of organised systems that are designed and built to
utilize natural approaches. These systems are designed to mimic natural
wetland systems, utilizing vegetation, soils and related microorganisms
to get rid of contaminants from wastewater effluents (EPA, 1993). Figure1
illustrates the details of the constructed wetland system.
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Bioelectrochemical systems generate energy by means that of
electrochemically active microorganisms as catalysts (Logan et
al., 2006). In an exceedingly bioelectrochemical system (figure 3),
organic and inorganic materials are oxidized by a microorganism and
therefore, the electrons are transferred to the anode from wherever
they flow through a conductive material and a resistor to a better
reaction, electron acceptor, like oxygen, at the cathode (Logan et al.,
2006; Rabaey et al., 2007).

Figure 2 (top): Mechanism of
Bioelectrochemical system.
Figure 3 (bottom):
Electro wetland system.

Figure 1:
Constructed wetland system
(Samsó and García, 2014).

Electro wetland is a natural wastewater management system that uses
organic matter to generate electricity through oxidation of the organic
matter (Urbangreenup.eu, 2019). It combines the bioelectrochemical
system and constructed wetland system together (Figure 3).
3. METHODOLGY
This study aims to accumulate a smart methodology to support
the development of latest urban device focused on climate change
mitigation and variation and efficient greywater management plan
to help within the implementation of nature-based solutions in
an effective manner. The study is to develop a sensor platform to
be incorporated as well as smart lighting systems. Both might be
immediately powered with the energy generated via electro wetlands.
The design of Bio-MON is such that it consists of circular systems,
from the macro-level to the micro-level (Figure 4). The exchange of
electrons and ions that form an electric circuit in-itself is a cycle.
In terms of ‘Reduce, Reuse and Recycle’ the major design is for the
recycling of the greywater. In a larger scale, this system can recycle a
large amount of greywater where more than 50% can be used for the
irrigation of the plant being used while the remaining will be purified
as it passes through each module. Granted, the output would be much
lesser than the input, but the focus is on the improvement of the
quality of water than its quantity. Also, a part of the energy generated
will be used for pumping grey water into the system. In a nut-shell, the
systems used, the process it goes through and the design of the model
RESPONSIVE CITIES_ADAPT
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as such are cyclic, interlinking all the components as well as the
users. The system consists of an anode, in an anaerobic condition and
a cathode, in an aerobic condition, separated via a membrane. While
organic matter is brought to the anode, it undergoes an oxidationreduction response, in an aerobic environment, to produce positive
ions that transmit via membrane and onto the cathode (Figure 2). At
the cathode, electrons are consumed by reacting with oxygen, which
enhances the flow of positive ions from the cathode.
When a wire connects both the anode and cathode, it completes the
circuit and current pass through it, which, though a small amount,
might be utilised when cultivated in a bigger scale and used for
lighting, sensoring, bioindication, and so forth. This study creates
a system that improved this method using Anthracite with carbon
fibres because the Anode in conjunction with plant life (Golden
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important as it contributes to the performance of the module.
The irrigation system was designed in such a way that greywater,
which includes organic matter, would bypass through a series of
modules, in the long run purifying the excess water. When multiple
modules were used together, the water irrigation system was set in a
series pattern while the electrical system was set in parallel (Figure 6).

Figure 4:
Different cycles
involved in Bio-MON.

The ease of moulding while simultaneously being strong enough to
hold in the components, makes Acrylic a good choice of material.
Being transparent, it gives the viewer an opportunity to visually
understand the operation of the system.
The modules have been designed and built via digital fabrication
processes such as CNC milling, laser cutting and also manual
fabrication such as thermoforming, silicone waterproofing etc (Figure
7). The acrylic sheets were thermoformed with the help of CNC-milled
moulds. The shells are held together by laser cut acrylic frames and
plastic bolts and screw, with rubber sandwiched between them.
The modules were divided into two parts where the lower portion had

Pothos), whose roots are rich in micro-organism that might speed up
the oxidation-reduction reactions, thereby increasing the ion flows.
Carbon fibres with a catalyst were used as Cathode. Different types of
membranes were used, to separate Anode and cathode, which permits
the passage of moisture and ions or oxygen as required. Figure 5
illustrates more deeper details of this system.

Figure 6:
(top) Qualities of golden
pothos;
(bottom) Electric output and
irrigation patterns.

Golden Pothos has a few other qualities apart from being rich in
bacteria in the roots (Figure 6). It helps to improve the air quality
and prevent hypertension, cataracts and glaucoma. It helps remove
toxic fumes and odours such as formaldehyde that is present in newly
painted rooms. Thus, the selection of plant in the design is very
Figure 5: Layers of the
module

holes drilled into it for the supply of oxygen. The dividing component
composed of an acrylic plate with perforations, the membranes and
carbon fibres are being used as the anode and cathode (Figure 8).
Anthracite, soil and the plant are added to the top. Being light-weight,
the use of acrylic does not add on heavy to the overall weight of the
module. This component also has a thick thread of clay around its
periphery to help with the waterproofing as well as to prevent shortRESPONSIVE CITIES_ADAPT
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Figure 7:
Fabrication process
of each module.

circuiting of any sorts.
An additional thin layer of gravel was added below the anthracite to
avoid short-circuit, along with a rim of clay to reduce water leakage.
There is a water inlet tube at the top portion that extends into the soil,
and similarly a water outlet tube at the base of the module to drain
out the excess water. Silicon was used to waterproof the module to
avoid leakage of greywater in the course of irrigation.
A spherical shape was adopted to increase the volume of the shell,
in order to contain more of its components. The initial spherical
shape was later elongated further to allow space for the growth of
the roots and also the buffer space for oxygen inlet. The opening
on the top allows the plants to grow without any restrictions. The
perforated frame helps in the interconnection of the modules and
their suspension. Figure 9, Figure 10, Figure 11 explain the layers of a
module and showing the prototypes.

•

Construction process of Bio-MON is cost efficient as it is reducing
costs and wastage by using natural resources.

•

There are more plants which could work for air filtration, such as
Kimberly queen fern, Chinese evergreen, lilyturf, English ivy so on
(Wolverton, Johnson and Bounds, 2019). But the restricted size of
the modules did not allow it to use any plant with faster and larger
growing roots.

•

The generation of power was first moderate, but increases
progressively within a brief period of time.

CONCLUSIONS
There are architectural innovations within the new and upcoming
building technology seeking to reduce negative impact on the
environment in addition to help boost the resources. Therefore,
innovations that could adapt to the existing ones can yield better
results when being used on a large scale.

Figure 9:
Exploded axonometric
diagram of a module.

Bio-mon qualifies as such an innovation, as even the basic module
gives result, which enables it to be used in macro to micro levels,
according to the location and space available (Figure 13, Figure 14,
Figure 15). The flexibility it provides, along with the simplicity of the
design makes it more adaptable.

An addition of microbes to the module, helped kick-start the process
of oxidation at the Anode. The generation of electricity is initially slow,
but increases gradually within a short period of time (Figure 12).
4. FINDINGS
Figure 8:
Layers of the
acrylic sandwich.
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The main findings of the research:
•

The easy modular character of this system permits it to be
performed within varied scales and spaces as well as alter it
accordingly.
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The system is designed to achieve the following goals:
•

Purifying water and air

•

Energy production

•

Re-naturalisation of the urban environment

•

Design and Application to integrate in a city.

Future possibilities:
•

Exploring new ways of application

•

Comparing more plants

•

Collecting the data of produced energy

•

Innovative means of utilising the energy, to improve domestic as
well as public life.ection of acknowledgements if applicable.

Figure 13:
Adaptation of Bio-MON on
building exteriors.

Figure 10
(top previous page): Initial
prototype, showing the
anode and cathode nodes.
Figure 11
(bottom previous page):
Final prototype, showing the
whole system.
Figure 12
(center previous page):
Electricity readings taken
after a period of time.

REFERENCES
Blanchet, E., Erable, B., De Solan, M. and Bergel, A. (2016). Twodimensional carbon cloth and three-dimensional carbon
felt perform similarly to form bioanode fed with food waste.
Electrochemistry
Corbella, C., Guivernau, M., Viñas, M. and Puigagut, J. (2015).
Operational, design and microbial aspects related to
power production with microbial fuel cells implemented in
constructed wetlands. Water Research, 84, pp.232-242.
Corbella, C., Puigagut, J. and Garfí, M. (2017). Life cycle assessment of
constructed wetland systems for wastewater treatment coupled
with microbial fuel cells. Science of The Total Environment, 584585, pp.355-362.
RESPONSIVE CITIES_ADAPT

290

BIO -MON / TA BA S SUM – MOH A N – TEK TA S

291

of the functioning of horizontal subsurface flow constructed
wetlands for wastewater treatment, based on modelling results.
Science of The Total Environment, 473-474, pp.651-658.
Wang, Z., Zheng, Z., Zheng, S., Chen, S. and Zhao, F. (2015). Carbonized
textile with free-standing threads as an efficient anode material
for bioelectrochemical systems. Journal of Power Sources, 287,
pp.269-275.
Wolverton, B., Johnson, A. and Bounds, K. (2019). Interior Landscape
Plants for Indoor Air Pollution Abatement. [online] Ntrs.nasa.
gov. Available at: https://ntrs.nasa.gov/search.jsp?R=19930073077
[Accessed 18 Oct. 2019].
ACKNOWLEDGEMENT

Figure 14:
Adaptation of Bio-MON on
building exteriors.
Figure 15 (next page):
Adaptation of
Bio-MON modules
in interior spaces.

We express our gratitude to Chiara Ferinea, Faculty, IaaC; Rodrigo
Aguirre, Computational Expert, IaaC; Ricardo Mayor, Fabrication
expert, IaaC; Mohamad Atab, Student Assistant, IaaC; Pau Bosch and
Clara Corbella, Biophotovoltaic technology experts, Leitat for their
valuable academic guidance. We also acknowledge the Institute for
Advanced Architecture of Catalonia (IaaC) and Leitat Innovation
Center for their moral and technical support to carry out our research.

David, M.G., James, L.A. and Christopherson, S.H. Axler Ruch.,
(2002), A Report of Constructed Wetlands, University
of Minnesta EPA, 1993, “Constructed Wetlands for
Wastewater Treatment and Wild Life Habitat” : 17 case
studies, EPA 832 – R – 005.
Urbangreenup.eu. (2019). Electro wetland. [online] Available at: https://
www.urbangreenup.eu/solutions/electro-wetland.kl [Accessed 18
Oct. 2019].
Guo, K., Freguia, S., Dennis, P., Chen, X., Donose, B., Keller, J.,
Gooding, J. and Rabaey, K. (2013). Effects of Surface Charge
and Hydrophobicity on Anodic Biofilm Formation, Community
Composition, and Current Generation in Bioelectrochemical
Systems. Environmental Science & Technology, 47(13), pp.75637570.
Logan, B., Hamelers, B., Rozendal, R., Schröder, U., Keller, J., Freguia,
S., Aelterman, P., Verstraete, W. and Rabaey, K. (2006). Microbial
Fuel Cells: Methodology and Technology†. Environmental
Science & Technology, 40(17), pp.5181-5192.
Lopez, C., Santoro, C., Atanassov, P., Yates, M. and Tender, L. (2019).
Microbial Fuel Cell Anode Materials: Supporting Biofilms of
Geobacter Sulfurreducens. [online] Ma.ecsdl.org. Available at:
http://ma.ecsdl.org/content/MA2016-01/36/1852.short [Accessed
18 Oct. 2019].
Rabaey, K. and Verstraete, W. (2005). Microbial fuel cells: novel
biotechnology for energy generation. Trends in Biotechnology,
23(6), pp.291-298.
Samsó, R. and García, J. (2014). The Cartridge Theory: A description

RESPONSIVE CITIES_ADAPT

292

BIO -MON / TA BA S SUM – MOH A N – TEK TA S

293

POSTERS

DESIGN &
BUILD
LEARN

PERFORM &
SHARE
ADAPT
POSTERS

294

295

PRODUCING WATER IN
INFORMAL SETTLEMENTS
Dharavi, Mumbai, India
Camilo Cerro
American University of Sharjah

KEYWORDS

urban acupuncture, water generating towers, social nodes, informal infrastructure.

ABSTRACT
According to the United Nations theworld number of urban inhabitants
is estimated to grow from the 3.9 billion at present, to 6.3 billion people
by 2050. The vast majority of this population surplus is expected to
be absorbed by informal settlements. where the inhabitants will have
to deal with inadequate or non-existent water, health or sanitation
systems. At present, more than 156 million urban dwellers, live
without immediate access to water. A situation that can be remedied
by implementing urban proposals following the principles of Urban
Acupuncture, by which small scale interventions are designed to produce
large scale social change. At any given time, there are 3.1 quadrilion
gallons of water in the atmosphere which if tapped could solve water
scarcity. The yearly humidity average of cities like Karachi in Pakistan or
Mumbai in India is around 70%. Making them the perfect sites for the
use of atmospheric water generator, since these devises are designed to
produce water from humidity levels as low as 35%. A single atmospheric
water generator can produce up to 5000 litters of clean filtered water a
day. Each of the proposed architectural interventions presented below,
would house a minimum of four generators, producing 20.000 litters of a
water a day. Functioning as a hive, these water towers would be placed at
multiple social nodes within an informal settlement, potentially solving
the water crisis by producing clean, filtered, free, accessible water and
by doing so eliminating health and sanitation issues. The proposed case
study presented on this poster is the result of an ongoing evolution of
ideas on social design, developed to address water scarcity in informal
settlements while also trying to hybridize the proposed intervention
to tackle other water related issues that deal with nutrition and access
to food. The idea is to create a network of interdependent facilities
that directly serve a large number of people through architectural
interventions that require minimal maintenance and the possibility
of creating local jobs while helping solve the water and food crisis in
informal settlements around the developing world.
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ABSTRACT
Mountain territories are some of the best indicators of the rapidly
changing dynamics of our planet, from immigration trends, political
sentiments to climate change. As headwaters of the earth’s primary
rivers and sculptors of world-wide wind patterns, mountains are vital to
the survival of human settlements, from mega-cities to rural villages.
While alpine regions connect on a global level, their topographical
and ecological constraints can isolate on a local level. Harsh climates
combined with limited mobility and services, outdated economies and
aging populations are threatening marginal mountain settlements
to extinction around the world. Empowering such communities to
achieve both localized self-sufficient alpine urbanism as well as macromutualism between nearby plains-based cities will insure a more
resilient network of multi-scalar circular systems. Yet, like many small
communities with strong identities rooted in historical practices,
integrating innovation cannot happen without dedicated social
learning. Within Europe, many metropolitan areas have already begun
implementing the 2030 UN Sustainable Development Goals. In contrast,
many alpine villages tend to react slower, traditional means and methods
harder to surrender, faced with limited support and lack of cultural
incentive. Framing sustainable adaptations as stimulating opportunities
instead of risky consequences will not only encourage resilient systems
but instill confidence and pride into the evolving identity of alpine
communities. Studying systemic innovation and implementing solutions
is what the Monviso Institute (MVI) aims to craft, using its home village
of Ostana as a living example.
Ostana’s identity is directly linked to the cultural heritage of the built
environment. How traditional practices, present-day experimentation
and innovative futures can come together and regenerate the community
is a key focus of the Monviso Institute (MVI). Operating as a real-world
laboratory, MVI aims to study sustainable living options and shape
systemic innovation within Ostana and beyond with the founding
principles of education, entrepreneurship, research and public
RESPONSIVE CITIES_POSTERS
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engagement. MVI actively demonstrates circularity in many capacities
and at many scales, from water and energy systems, to socio-economic
and cultural networks, all accessible to the public and engaged with
the broader community. For example, the campus is sensitively being
adapted from six traditional stone buildings into energy efficient,
functional spaces. The first reconstructed building, the passive netpositive duplex “Il Doppio” healthily disrupts the current architectural
practices, providing both supporters and skeptics learning opportunities
for nature-based solutions. Social circularity and “tools for change”
take many forms at MVI and go beyond the campus environment. The
annual Trans-Occitian Alps Safari mixes international hikers with local
musicians. Grown Ski workshops revamp traditional ski fabrication
methods with circular materials like paulownia and hemp. This
synergetic approach to exchanging global and local ideas in a face-toface way is becoming more and more necessary in today’s digital focus.
Beyond demonstrating circularity as an institute, MVI realized a need
to create a flexible tool to overcome resistance and promote synergetic
discussion on building resilient alpine environments. Last spring, the
Regenerative Design Talks (RDT) was founded; a collaborative workshop
series focusing in the interconnected relationship of design, nature, the
built environment and mountain identity in Ostana and beyond. The
series have included brainstorming sessions with Ross Harding and Luca
Mercalli on Renewable Energy and EMobility for Climate Protection with
the following edition on Building and Designing with Hemp: Revival of a
Forbidden Plant, with Guest Speaker/Instructor Werner Schonthaler.
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ABSTRACT
Organic waste such as fruit peels and agricultural by-products can be
made into strong, biodegradable and aesthetically pleasing materials and
products for packaging, construction and design. Due to the widespread
consumption of orange juice, orange peel is a perfect source for a new
bio-based material. Around 16 million tons of orange peel is produced
every year from the juice industry. The process of creating raw materials
and products from natural waste such as fruit peels is highly scalable
and adaptable to diverse contexts. In a nutshell, the organic waste is
collected from local waste producers and processed into a dry powder.
The raw material is then mixed with an organic binder and molded into
products. The material is durable, versatile and self-extinguishing.
It takes roughly 50 squeezed oranges to create one kilogram of dry raw
material, or the volume of one standard sized brick. At the end of their
life, these fully bio-based products can be processed back into raw
materials for the manufacture of new products or biodegraded to release
nutrients back into the soil. In the future there should be a stronger
collaboration between local waste management, raw material production
and product manufacture. Future buildings and products can be built
from bio-based materials made from local organic waste streams. In
this way, the environmental impacts caused by toxic materials, resource
extraction and global distribution can be avoided. The global abundance
of natural by-waste enables the creation of materials almost anywhere,
while the rich diversity of biowaste provides a beautiful natural color
palette to work with.
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ABSTRACT
Designed and fabricated as part of Semester 03 at Architecture and
Extreme Environments MA Programme, KADK, this project explores
themes of food security and carbon emissions in Alaska. 14% of Alaskans
are currently defined as food-insecure, lacking access to nutritious
food on a consistent basis. The cold climate inhibits agricultural
activity much of the year and as a result, up to 90% of food consumed
in the state is imported. Climate change is only exacerbating this
challenge; as increasing temperatures and oceanic acidification are
causing large shifts in migratory patterns of animals and reduction
of fish populations; making these subsistent sources increasingly
difficult to come by for Native peoples. Elevating temperatures are
causing widespread permafrost thaw; wreaking structural havoc and
greenhouse gas emissions. History, however, might hold the answer.
Traditionally, seaweeds and microalgae have served as a source of
nutrients and minerals where other options have been difficult to obtain.
This project investigates how CO2 released from thawing permafrost
could be exploited as a resource for growing edible micro-algae. Why?
Because algae grow by photosynthesis – the very process that could
convert this Carbon dioxide into oxygen. Emissions Mitigation through
Nutrition Cultivation. Thus, this project investigates the synthesis of two
challenges; permafrost carbon emissions, and the continued struggle
with food security in Alaska. The process results in cultivated spirulina
microalgae which can be used as a source of nutrition.
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