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Abstract— In response to increasing environmental problems
and consciousness in relation to urbanization, more and more
cities are trying to become eco-cities. We can question, however,
whether these cities can be considered as sustainable cities. The
eco-city concept usually includes criteria regarding energy and
water consumption, transport, waste management, amount of
green spaces, etc. However, food consumed in the cities is
usually marginally taken into account. Moreover,
implementation strategies necessary to successfully make a
transition to sustainability are rarely mentioned. The goals of
this paper are twofold. First, we will ask attention for urban
agriculture and include food in the eco-city equation. Second,
we will argue that eco-cities should not be considered as project
but operated as a process.

[. INTRODUCTION

ore than half of the world’s population lives in urban

areas concentrating and increasing the magnitude of

social and environmental impacts. Increasing
environmental concerns are putting additional pressure on
municipalities which are expected to come up with strategies
and measures to keep cities livable, minimize environmental
degradation and prevent further contribution to global
warming.

In response to these challenges an increasing number of
initiatives aimed at sustainability have been and are being
developed worldwide. In other words, more and more cities
are trying to become eco-cities. We can question, however,
whether these cities can be considered as sustainable cities.
Sustainability is usually understood in a broad sense,
encompassing both intergenerational and intragenerational
solidarity in ecological as well as social terms. The
Brundtland Report [1] defines sustainable development as
“development that meets the needs of the present without
compromising the ability of future generations to meet their
own needs” (...). The report adds two concepts (needs,
especially of the poor, and technological and organizational
limitations) and, more importantly in this context, four
interlinked strategies [2]:

1. Managing the impacts of populations on ecosystems
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2. Ensuring worldwide food security

3. Managing ecosystem resources

4. Creating sustainable economies

Ideally, eco-city planning should reflect all these strategies. In
other words, an eco-city should be designed based on a broad
perspective including an integrated, multi-purpose approach
as well as “whole system design”. However, current eco-city
concepts, often focusing on a few aspects, generally miss the
broadness this would require. Food production, for instance,
is seldom mentioned in the eco-city discourse.

Moreover, the eco-city concept mainly focuses on
technological solutions as if such a city could be designed on
paper without including the complex social dynamics that
take place in and outside the city. Following the argument put
forward by Haughton (1999) that procedural equity is one of
the key principles of sustainability [43], we believe that the
process of implementation should be an integral part of the
eco-city concept. Implementation strategies require “agents”,
usually a whole range of them, to take action. In our case this
means that, apart from the urban planners and the city
authorities, all relevant stakeholders should be involved in the
design, planning, development and functioning of the city.

The goal of this paper is to explore the eco-city concept and
strengthen it in two ways. First, we will include food in the
eco-city equation. By doing so, we do not only aim to extend
the eco-city concept, but we also seek to improve the
efficiency of the material and energy cycles, thus both
broadening and deepening the sustainability contents of the
eco-city concept. Second, we will argue that eco-cities should
not be considered as just a construction project but rather be
planned, carried out and be operated as a process.

In the remaining parts of this paper, we will first give an
historical overview of the eco-city concept. We will then
explain and argue why food has its place in eco-city design.
Consequently, using the Hammarby model as a starting point,
we will show how food can be included in eco-city design and
discuss the implications of doing so. Finally, we will consider
implementation strategies and their contextual use.

II. ECO-CITY

An eco-city could be defined in many ways. We
conceptualize it here as an urban environmental system in
which input (of resources) and output (of waste) are
minimized [3]. Though Richard Register’s seminal work
dates from 1987, eco-cities can be traced much further in
time, depending on one’s perspectives. In fact, in 1898,
Ebenezer Howard with his concept of “garden city” was the
first to provide an alternative to what was then mainstream
urban planning [4]. One of the aspects of his idea was to



design cities located in rural areas but with good connections
to the urban centre and where citizens would live in harmony
with their surrounding environment [4]. Garden cities really
paved the way for a whole new line of thinking about cities.
We can mention for example the neotechnic city of Geddes
[6] in 1915, the biotechnic city of Mumford in 1938 [7] and
the work of McHarg's on ecologically sensitive planning in
the 70’s [5, 8]. For a complete overview of historical
perspective on eco-cities we refer to [5].

Since then a number of developments have been initiated
worldwide. To name only a few, EVA Lanxmeer in the
Netherlands in the mid 1990°s, Hammarby Sj6stad in Sweden
in the late 1990’s, Masdar in Abhu Dabi in 2007, Tianjin in
China in 2009 (for more examples, consult the eco-city
survey completed by Joss, 2009 [42]). Each eco-city has its
own set of technologies, governance arrangements, design
criteria and requirements. These criteria generally include
targets in terms of energy and water consumption, greenhouse
gases emissions, water quality, type of material use,
percentage of recycling, availability of public transport,
amount of green spaces, urban density, amount of social
housing, etc. However, food security, one of the sustainable
development strategies supported by the Brundtland report, is
very seldom considered or even mentioned in the design of
eco-cities. Moreover, implementation strategies are usually
left out or only dealt with very briefly.

III. ECO-CITY AND FOOD

Urban agriculture has a long history and still plays an
important role in the developing and emerging countries.
However, in the North, the connection between the urban and
the rural areas has been weakened since a long time [9, 10]
and among urban planners a tendency has emerged to
consider food production as a strictly rural affair [11]. As
such, food supply has been neglected in the planning of cities,
which have become, by implication, more and more
dependent on the global industrialised food system [12]. This
is also true for eco-city planning where food production is a
rather disregarded aspect. Most of the attempts to include
food production in urban design have been based on the work
on Bill Morrison and David Holgrem around the concept of
permaculture, dating from the 1970s. Permaculture looks for
the interactions between the landscape, the local ecosystem
and the built environment and tries to foster an “ecological
support web” [13] so that urban and ecosystem development
reinforce and enhance each other. However, most existing
examples are urban farms or relate to small scale urban
development in low density areas and permaculture principles
may be difficult to apply to dense areas.

However, the tides are turning and, after decades with little
interest in it, food production starts to be seriously considered
again in urban planning. For instance, in Beijing in order to
help meeting the cities enormous and still rising demand for
food, the municipality is planning to use about 3 million
square meters of rooftop for growing fruits and vegetables
over the next ten years [14]. There are a number of reasons

why food should increasingly play a role in designing and
governing (eco)-cities along with energy provision, water and
waste management, employment, welfare, etc. The most
often mentioned are food security [15], [16], health [17, 18],
employment [10], sense of community [9, 10, 19] and sense
of space [20], prevention of flood [21] and decrease of urban
heat island [22]. Moreover, disregarding food production as
an integral part of the urban condition, means ignoring the
fact that food is closely related to energy production and
consumption, need for transportation, water provision and
consumption, recycling of waste, land use, etc [11]. In
addition, we would like to argue that integrating food in the
planning of eco-cities can also help in better closing the
water, material and energy cycles. The notion of closing
cycles, also referred to as systems integration, is promoted by
scholars in the fields of industrial ecology and ‘cradle to
cradle’ as one of the answers to current environmental
challenges.

IV. INTEGRATING FOOD IN ECO-CITY DESIGN:
HAMMARBY MODEL AS A CASE STUDY

THE

A. The Hammarby model: an introduction

Hammarby Sjostad is a district in Stockholm, Sweden, that
started to be developed in the late 1990°s. The municipality
had high ambitions for this district which should become a
show case for urban sustainability. One of the main ideas in
its design was to copy natural processes and as such to close
the material, water and energy cycles as much as
possible[23]. Developed together with the local infrastructure
companies this vision gave rise to what is now known as the
eco-cycle or Hammarby model (see figure 1).

In brief, all buildings in the Hammarby model are

connected to a district heating network. One of the main
sources of energy in this network comes from domestic waste
from which energy is recovered in a cogeneration plant.
Moreover, the purified wastewater represents another source
of energy. Indeed, after the treatment processes, it still
contains heat that can be extracted and upgraded using a heat
pump and fed into the district heating network. The remaining
cold water can then be used for cooling purposes in
commercial and office areas. In addition, sludge resulting
from the wastewater treatment process is digested in order to
produce biogas that once upgraded can be used for transport
and cooking purposes. We would like to stress that, here, we
take the Hammarby model out of its context and use it as a
theoretical tool. Consequently, our suggestions are not
developed for Hammarby specifically but are meant to
illustrate how food can be included in such an integrated
model and what the advantages are of doing so. Figure 2
shows a diagrammatic representation of the Hammarby
Model.
In fact, a number of reasons support our decision to use this
model as a starting point. To begin with, this model is not
only theoretical but has actually been implemented and is the
result of a well thought and well planned design process.



Furthermore, the model is also very appropriate as a
theoretical tool to brainstorm about how systems integration
can be implemented in urban design. In fact, it is inspiring a
number of municipalities and provinces worldwide in their
quest for urban sustainability through systems integration
[24]. Finally, the Hammarby model takes a holistic
perspective by seeking to integrate the systems of energy,
water, waste and transport. Nevertheless, connections to the
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Fig.1. The Hammarby or ec:) C}TCTe modéffZZ]

food system are very limited in the model and, consequently,
it is a good base for pointing out how food could be included
in such an integrated design.

B. Integrating food in the Hammarby Model

As previously stated, food is marginally present in the
Hammarby model. The only elements are the fields that
appear as the end destination for organic waste. In other
words, the cycle involved is not closed. Decontextualizing the
Hammarby model, we have included three new food-related
elements: greenhouses, building farms and green roofs (see
figure 3). In fact, land use in cities is already highly stressed
by different kind of uses; dwellings, offices, industry,
transport, energy and water infrastructure. Therefore, due to
competition on land use, food production is only possible in
the form of intensive agriculture and/or at the individual level.
By including these three elements the food loop has been
closed. Moreover, intensive agriculture enabled new
interactions with the energy and water systems, thus
improving both cycles (see figure 3).

Let us discuss in somewhat more detail the three foods related
elements that have been added to the model and the
interactions that they make possible:

- Green Roofs will only cover a small percentage of food
needs. Nevertheless, they offer the possibility to involve
citizens and connect them to natural cycles [25]. Moreover,
green roofs enormously improve building’s insulation, offer
protection for the city drainage in case of rainstorm through
water buffering and they clean the air. It is a complete
solution for city problems [26]. On the other hand, green
roofs are difficult to apply on pitched roofs and they compete
with solar panels.

- Greenhouses offer the possibility to grow a large range of
crop, with a considerably higher production than common
agriculture [27]. The production period can be enlarged and
the efficiency of the land improved with extra light hours or
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Fig. 2. Diagrammatic representation of the Hammarby model

extra CO,. Dutch and Spanish greenhouse products are
competing with the United States market with local
production [28]. However, greenhouses have considerable
higher economic and energetic cost and are nowadays only
profitable in certain countries for vegetables and fruits, not for
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Fig.3. Introducing food in the Hammarby model

extensive crops as corn, wheat or rice.
- Building farms offer the possibility to increase the density of
meat and fish production, lowering land use requirements and
allowing interconnections with the energy, water and waste
loops. This concept has been theoretically developed quite
extensively by the pig towers designed by Winy Mass [29] in
the Netherlands; and has been implemented in singular cases,
for example a shrimp farm in Rotterdam harbor [30].

The three new food-producing elements introduced in the
Hammarby model provide several new interactions with other
already existing elements. First, greenhouses and building



farms can use recycled water: filtered rainwater and treated
wastewater. The use of recycled water is already a common
practice in regions with water shortage for irrigation of golf
courts for instance [31] and it has been demonstrated to be
successful. Nevertheless, appropriate soil management is
needed to mitigate the negative impacts of sodium and salt
accumulation [31]. Second, greenhouses and building farms
produce wastewater and organic waste that can be used as
compost for the same greenhouses and as input for the
production of biogas in the wastewater treatment plant. The
amount of biogas available increases enormously compared
to the Hammarby case. In fact in projects as Zonneterp, in the
Netherlands, it is calculated that a greenhouse could be the
energy source for a certain number of dwellings [32]. Third,
part of the CO2 produced in the power plants could be used in
the greenhouses as is already done in the Netherlands. And
finally, greenhouses are big solar collectors and building
farms are big heat sources. It is especially interesting to add
all these new thermal elements to the already existing thermal
elements of the city connected in a thermal network that can
supply heat and cold. Consequently, however, it is necessary
to have a thermal buffer that could match supply and demand.
This could be done with the use of underground thermal
reservoirs combined with heat pumps (see [33] for such an
example).

In total, four new elements and six new interactions have
been included in the city design and in the Hammarby model.
We will discuss the efficiency gains this offers as well as the
newly emerging central role of the waste water treatment
plant in the whole urban eco-system below.

C. Discussion

Food and systems integration: First of all, in our upgraded
model, we have introduced three new components directly
related to food production: green roofs, building farm and
greenhouses. These three elements have made (even more)
relevant the need for a fourth component, the thermal buffer,
to improve the energy loops. Moreover, these new
components allowed the creation of six new interactions.
These interactions do not only concern food and food waste
but also energy and water exchanges. Our example thus
shows that including food in eco-city design makes systems
integration more complete and allows more efficient use of
water and energy resources.

Second, we can see that in our upgraded model, the waste
water treatment plant plays a really central role in closing the
cycles by recovering energy and material. Traditionally,
waste water treatment plant consumes energy to purify
sewage water. More and more frequently, the sludge that they
produce is used to generate biogas, recovering part of the
energy used. Moreover, in some cases the heat contained in
the purified water is used as a heat source for district heating
purposes. In our model, we do not only take advantage of
these technological solutions, but we also use the purified
waste water as a source for irrigating greenhouses.

Limitations of our approach: By reflecting on the
upgraded model that we have presented, a number of
limitations can be mentioned. First, among the technological

solutions presented in our upgraded model some compete
with each other. For example, green roofs are only partially
compatible with PV and solar collectors. Therefore, a
decision needs to be taken regarding what is the most optimal
situation in each case based on the local needs, interests and
circumstances. Similarly, technological options have been
suggested assuming their compatibility with existing
institutional arrangements (e.g. the reuse of treated
wastewater for irrigation purposes). This may, however, not
always be the case, impeding the implementation of certain
solutions. In fact, when designing an eco-city, one has to
consider the geographical character of the area, resource
availability, technological possibilities, social demand and
values as well as institutions. It results in complex optimizing
issues and stresses the need to think strategically about which
mix of technological solutions is appropriate given the
specific local conditions. This also implies that the upgraded
model presented in this paper should not be understood as a
description of what an eco-city design should look like.
Instead it should be used as a source of inspiration for
thinking about possibilities to optimize resource use in the
design of an eco-city.

Second, the suggested solutions to include food in eco-city
planning have been limited to those that can be implemented
in the city-scape. Solutions or interactions taking the
surroundings of the city into account are thus outside of the
scope of this paper. However, we recognize that it is also
necessary for cities to deepen their interactions with the rural
areas and regain influence on the rural processes that play
such a vital role in food production. This is important
particularly when considering that only a limited percentage
of the total demand of food can be produced within the
geographical limits of the city [18].

Third, the Hammarby model was designed for an urban
development in a highly developed country, Sweden. As
such, we may be criticized for having a western bias and we
would like to mention that we acknowledge that this model is
not applicable everywhere and that it would be difficult to
implement in some developing countries for instance.
However, we think that our upgraded model is at least
suitable for implementation (requiring adaptation to local
conditions) in emerging economies where resources are
available to implement these technological solutions (or at
least some of them). In these countries, as in most developing
countries, food production plays a major role from a
socio-economic perspective, while many city inhabitants are
(still) involved in or connected to agriculture. In as far as our
suggestions require the latest technologies available, it has to
be emphasized that emerging countries are the right place for
‘leapfrogging’, as they are entangled in dynamic development
processes not showing some of the lock-in that hamper some
of the developed countries.

Fourth, the model presented here is purely conceptual and a
mass flow analysis would be required to quantitatively
validate our argument regarding the increased environmental
performance inherent in our approach.



V. IMPLEMENTATION STRATEGIES

Thus far, our discussion mainly focused on technological
possibilities. It is obvious however, that eco-cities have to be
planned and built, but how this should be done is not
described and analyzed very well in the literature. In fact
eco-cities are usually presented by showing 'their masterplan
(e.g. Masdar [34]); ’the key performance indicators that
they use (e.g. Tianjin [35]); * and/or the technological model
that they follow (e.g. Hammarby [36]). However, the
process that should lead to the completion of these
eco-cities is rarely mentioned. In this section we argue that
the process itself is essential. Implementation should be
studied in more depth and not be considered as
complementary to the eco-city concept; it is instead an
integral part of it.

A. Project versus process management

Some compelling arguments can be given why eco-cities
should not be considered projects but dynamic processes
[37]. First of all, the long-term character of the effort:
eco-city planning ideally leads to a sustainable city in the
long term (up to several decades in the future). Insights in
what sustainable means change over time and new strategies
will be developed to make a city more (effectively)
sustainable, as is shown in this paper by adding food to the
‘city system’. Next to that, an eco-city is not finished
overnight and while under construction the circumstances
inside and outside the city change. Additionally, once
finished, the eco-city could possibly not be used as the
designers intended to because of numerous reasons which
should lead to adaptation of the (built) city plans.

Considering these arguments and the arguments above for
a city being a complex system, eco-city planning has to be
considered in terms of a transition. We will briefly discuss
transition theory and, consequently, apply it eco-city
planning.

B. Transition contexts and intervention tools

In brief, transitions are processes in which niche
innovations resulting from landscape pressures develop into
new mainstream regimes, replacing older regimes [38]. There
is not a single type of transition. In fact, transitions may
follow different pathways, depending on the context in which
they are taking place [39, 44]. Regime change takes place in
response to selection pressures and the way these are defined
or articulated by key actors. Actors may or may not
coordinate their response to selection pressure. Moreover,
resources used to respond to these pressures may originate
from the “establishment” (or existing regime) or come from
external sources. As a consequence, four types of transition
context can be distinguished (see figure 4): endogenous
renewal, reorientation of strategies, purposive transition and
emergent transformation.

Examples of contextually conditioned transition pathways, all

in the domain of energy, are:

e Endogenous renewal: capture and storage of CO2

e Reorientation of trajectories: installation and use of small
scale Combined Heat and Power generation in the
horticulture sector in the Netherlands

e Purposive transition: transformation of Dutch
households and industries to a gas fired heating system

e Emergent transformation: the world-wide (partial)
replacement of oil by gas.

Eco-city planning assumes the form of different pathways in

different countries, dependent on the position of the initiators

- creation of new knowledge

- influencing search directions

- supply of resources

- creation of positive external economies
- tormation of markets

Endogenous
renewal

Low High

Y-axis = Resource locus :>

.
Internal

* X-axis = Steering of adaptive response

Co-ordination Co-ordination ﬂ
Emergent Purposive -regime membership
transformation transition ~distribution of resources
-interdependency of regime members

-coherencelflexibility of vision
4 -economic-legal conditions

Fig.4. Types of transition [39]

External

and the locus of the resources. E.g. top-down political
decision-making seems to be essential in some Asian
countries, while bottom-up initiatives, either dominant
regime-based (urban planners) or from the outside (citizens)
seem the characteristic for some Western countries. However,
city-planning everywhere involves a variety of stakeholders,
including authorities, citizens, companies and knowledge
institutes, and this has to be considered in any pathway to be
followed.

Transition processes require implementation strategies,
ranging from command-and-control to networking [39]. The
most appropriate strategy for eco-cities seems to be
backcasting, as it accounts for the long-term and dynamic
character of eco-city planning as well as the multitude of
actors involved.

C. Eco-city process management

Backcasting is a method for bringing about long-term
processes of change and transformation through vision
building as a basis for short-term actions, taking not only
current developments, trends and stakeholders into account
but their dynamics over time as well [40]. In our case, this
means constituting a long term sustainable city vision, which
consequently determines the direction for short-term planning
and construction activities. Crucial in this method,
emphasizing that the design of a future sustainable city could
be nothing more than a vision guiding the way for today’s city
planning, is the involvement of all stakeholders.

C. How could our model be implemented in practice?

The Hammarby case can be referred to once more. There it
was the municipality that took the initiative and convinced all
companies involved to work together and define a common
vision as a base of operation. This appeared to be a decisive
factor in the implementation [41]. However, this is but one
strategy and more research is needed to analyze and compare
different governance models in order to be able to give more
precise recommendations.



VI. CONCLUSION

Eco-city planning is all the rage now throughout the world
and this justifies what has been done in this paper: a reflection
of the phenomenon from a critically-constructive point of
view. We have explored the concept of eco-city and have
proposed to improve it substantially from a sustainability
perspective. First, the concept has been broadened by
including food production, in this way also making the water
and energy cycles more efficient. Second, the concept has
been made more dynamic, by considering eco-city planning
as a process. Backcasting was put forward and discussed as an
appropriate implementation strategy. Eco-city planning is a
promising development in view of urbanization and
environmental problems. In order to prevent it from being just
a hype, it is necessary to give it strong scientific
underpinnings. We hope this paper has made a contribution to
this mission.
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