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Abstract
The design of cities has long ignored the flows that shape the city. Water has been the most visible one, but energy and
materials were invisible and/or taken for granted. A little over 50 years ago, Abel Wolman was the first to illuminate the
role of water flows in the urban fabric. It has long been a search for quantitative data while the flows were mostly seen as
separated entities. The fact they invisibly formed the way the city appears has been neglected for many years. In this the-
matic issue the “city of flows” is seen as a design task. It aims to bring to the fore the role flows can play to be consciously
used to make spatial decisions in how and where certain uses and infrastructure is located. Efficient and sustainable.
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1. Introduction: Brief History of Urban Metabolism

When we think about flows in the city the term urban
metabolism is often used. Like our body, the city is seen
as an organismwhich requires resources to function, and
the way these resources are used to serve all different
functions of the city, and to which waste flows this leads,
determines the metabolism of the body, and translated
to urban flows, the urban metabolism. The first to point
at the role that a flow, in this case the flow of water, plays
in the urban fabric was Abel Wolman. He calculated the
size of the water flows that flew through the city and dis-
cussed how this flow could be managed more efficiently
and more sustainable (Wolman, 1965). Some decades
later the discussion about pollution of the urban environ-
ment led to the need to understand the urban pollutants
better and their influence on the flows of the city. Air
could be polluted and could pollute soils and water, pol-
luted water could pollute food systems and have a pro-
found impact on human health. It was therefore essen-
tial to develop understanding about how these flows in
the city behaved, how big they were and how they influ-
enced the quality of life, and how they produced waste

streams in the form of pollution. An important insight
was offered when urban flows became part of an eco-
logical conceptual model (Van Leeuwen, 1981). In this
model the aims for a sustainablemanagement of flows in
the city was established. In a so-called eco-device model
(Figure 1) the incoming and outgoing flows were symbol-
ized, as well as the flows that were prevented from en-
tering the area or leaving. This way, an abstraction of the
flows of water, energy and materials could be given, and
determine if the systemwas performing ecologically well
or not.

This abstract model has been modified and further
elaborated in order to illustrate the flows in greater de-
tail and also show the external factors of the system, such
as climate change, that determine the context of the
“extended urban metabolism model” (Newman, 1999).
Though Peter Newman has put the model in practice, es-
pecially in traffic and mobility plans, working with the
parameters in an integrated way to create a spatial per-
spective remained a challenge. Jón Kristinsson invented
a three-dimensional model (Figure 2, left) in which, for
every layer, the specific flows were symbolized as in or
outgoing flows, which could re-enter the system at an-
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Figure 1. Eco-device model (IN–Not IN; OUT–not OUT). Source: After Van Leeuwen (1981).

other level. This way a comprehensive 3D-model of a
city could be drawn, and the city seen as an ecosys-
tem itself (Tomásek, 1979). The levels Kristinsson deter-
mined were the abiotic, biotic, urban and atmospheric
layers (Kristinsson, 2012). Nowadays, more layers could
and should be added to this systemic image (Figure 2,
right), as demonstrated by van Timmeren and Henriquez
(2015). The exchange of flows between more layers will
open up the possibilities to close cycles and become a
more sustainable urban ecosystem. A direct link can be
established here with thinking that takes place around
the theme of Smart Cities.

The ecosystemmodel is reduced to few levels (earth,
city, networks) in the new model (new linkages and
potentials to connect and exchange flows, materials,
streams), and lacks the (a)biotic layers at all. When these
would be integrated in the model a more comprehen-
sive model would emerge, hence consist of the abiotic,
biotic, user, interface, address, network, city, cloud and
earth layers.

Where most of Kristinsson’s (2012) work focuses on
the building itself, trying to optimize the indoor climate
and direct environment of the building using technolog-
ical innovations that make use of the different available

Figure 2. Kristinsson’s (2012) 3D-model of the city as an ecosystem (left); van Timmeren and Henriquez’ (2015) “the Stack”
layers including recent digital additions (right).
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flows in the vicinity and aim to close resource and waste
cycles as good as possible, “until the good (urban) trav-
eler leaves no trace”, at the scale of the city as a whole
additional connections, exchange and gains can be har-
vested. In the Rotterdam Biennale 2014, curated by Dirk
Sijmons, this has been investigated (Figure 3) under the
title Urban by Nature (Brugmans & Strien, 2014), and
design-led projects have shown that large benefits can
be by connecting the waste streams of certain flows
to the resource demands of others at the regional ur-
ban scale (Gemeente Rotterdam, IABR, FABRIC, JCFO, &
TNO, 2014).

Overlooking 50-odd years of scientific research,
thinking, academic education, designing and innovating
around the topic of urban flows, several aspects pre-
sented themselves as key components. The quantifica-
tion of urban flows, the ambition to close cycles andmin-
imize waste flows, the systemic approach, and the im-
plications for the spatial configuration of the city are re-
curring subjects. However, the dominance which could
be expected of design-led approaches did not come to
total fruition. At the end of the day urban flows must
be quantified, in order to assess their performance and
this seems the dominant paradigm. Instead of looking
at the size of flows only, ore aspects require synergy,
something that can be easily achieved through design.
The synergies between livability, design, urban flows, as-
sessment tools and sustainability has been extensively
investigated (Tillie, 2018). Implementation of synergetic
thinking should now be a priority, and it is necessary that
the integration and sustainability of urban flow systems

should shape the city. Consciously, and not as an invisible
unexpected add-on to our cities. Integrated urban flows
should be designed to lead to attractive places, in which
the brilliance of the systems has become visible, can be
witnessed and experienced by residents, and where new
resources are celebrated.

2. Thinking in Nexuses

So far, the majority of academic work has been ori-
ented towards quantification of flows, assessment tools,
and determining what one flow needs from another
to operate? Do we have enough water for bioenergy,
how much electricity is needed for desalination? These
types of questions are mainstream, often focusing on
only one urban flow. In recent decades the energy-
water nexus has received the majority of the atten-
tion, as can be witnessed by a broad range, but not
exhaustive, of literature shown here (Bauer, Philbrick,
& Vallario, 2014; Byers, Hall, & Amezaga, 2014; Connor
& Koncagül, 2014; Cooley & Wilkinson, 2012; Davies,
Kyle, & Edmonds, 2013; Gleick, 1994; Halstead, Kober,
& van der Zwaan, 2014; Henthorne, 2009; Inhaber,
2004; Kohli & Frenken, 2011; Koulouri & Moccia, 2014;
Lavelle & Grose, 2013; Macknick, Newmark, Heath, &
Hallett, 2012; Macknick, Sattler, Averyt, Clemmer, &
Rogers, 2012; Mielke, Diaz Anadon, & Narayanamurti,
2010; Mitra & Bhattacharya, 2012; Plappaly & Lienhard,
2012; Radcliffe, 2018; Rodriguez, Delgado, DeLaquil, &
Sohns, 2013; Sanders &Webber, 2013; Spang, Moomaw,
Gallagher, Kirshen,&Marks, 2014; Stiegel et al., 2009; US

Figure 3. Urban metabolism model. Source: Dirk Sijmons/Jutta Raith (Gemeente Rotterdam et al., 2014).
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Department of Energy, 2006; Wang, 2013; Water in the
West, 2013; Webber, 2008; World Energy Council, 2010).

The nexus of water and food has been investigated in
the agricultural literature, while the energy-food nexus is
lesswell researched (ISIS, 2013;WISIONS, 2007) and very
few linkages are made between food, energy and water
and ecosystems (UNECE & KTH, 2014).

Only recently integrated thinking about water, en-
ergy and food emerged as the food-energy-water nexus
(Barrett, 2014; Bazilian et al., 2011; Bizikova, Roy,
Swanson, Venema, & McCandless, 2013; BMU, 2012;
Ferroukhi et al., 2015; Flammini, Puri, Pluschke, &
Dubois, 2014; Granit et al., 2013; Hanlon et al., 2013;
Hoff, 2011; Mohtar & Daher, 2012, 2013; Shannak,
Mabrey, & Vittorio, 2018; SEI, 2011; World Economic
Forum, 2011). Especially after the Bonn2011 meeting
the research agenda sparked, and new investigations oc-
curred and reached the academic journals. The majority
of these research outputs are focus on quantifying the
flows, developing assessment tools and/or aim to define
the relationship quantitively between two ormore of the
flows. The implications of different sizes, relationships
and amounts of flows for the city are lesswell researched.
A design-led approach is rare, and this may be one of the
reasons it is very difficult to amend the systems of wa-
ter, energy and food to establish more integrated, sus-
tainable and resilient urban systems (GIZ & ICLEI, 2014).

3. The Thematic Issue

The focus on quantification of urban flows is, on the
one hand, needed to understand what we are talking
in the first place. It does matter with how much wa-
ter we have to deal in the city, how much energy is
required, or how much food must be grown to feed
the population. However, on the other hand understand
quantity only is not enough. Reduced amounts of flows
must also be integrated in the spatial context of the city,
towns and landscape. Therefore, this thematic issue of
Urban Planning features articles that illuminate the pos-
sibilities of design-led approaches to inclusion of urban
flows in the city. To set the scene, Roggema (2019) starts
with sketching the current context of disruptive develop-
ments, which influence the context and the spatial op-
tions in the city. The space available and the amounts of
networks for unexpected change determines the adap-
tivity of systems, and the possibility to introduce coun-
terintuitive solutions. Yan and Roggema (2019) focus on
design-led approaches for the food-energy-water nexus,
and integrate spatial, governance and appraisal aspects
of the nexus. Han and Keeffe (2019) focus on a very inter-
esting flow, the move of urban forests through the city.
In their article, Galan and Perrotti (2019) highlight the
opportunities for sustainable metabolism at the regional
level. The way people can be involved and given a larger
stake in their consumption of basic flows is the subject
in McLean and Roggema (2019), while a different per-
spective on governance to improve urban metabolism,

increasing accountability in strategic planning, is given in
Zengerling (2019).

This thematic issue brings together insights and per-
spectives on the “city of flows”, an orientation on the
possibilities to change the spatial design for the city as a
result of choices made for flow systems. This design-led
thinking is, so-far, underestimated in realizing a resilient
system of flows in urban environments. Even in acquir-
ing academic outputs for this thematic issue, it proved
to be not easy to collect an abundant number of arti-
cles. There is still a long way to go, especially because
the quantification, assessing and defining of urban flows
will not easily lead to implementation, and hence to a
more resilient and sustainable city. The way design ap-
proaches can visualize solutions and propose unprece-
dented and innovative solutions is unmet by most cur-
rent published research.

4. Conclusion: Future?

State of the art literature shows that most research fo-
cuses recently on the food-energy-water nexus. While
in building research materials form a substantial body
of knowledge, the use of waste and materials at the ur-
ban design level is not very common. Therefore, it is sug-
gested to add and integrate these flows to the model. Fi-
nally, the rapid development of data collection, analysis,
data-driven design and the use of data in planning our
cities (Smart Cities), would justify starting thinking about
integrating data in the urban metabolismmodel, despite
data being often non-physical.
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