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In the last few decades, the rapid urbanisation process has led to an exponential growth

of resource use, making increasingly difficult to ensure the principles of sustainability

within urban systems. Similar to living organisms, cities have always required resources

and energy to survive. However, technological development and population growth

have consequently led to increasing urban inflows and outflows, in so deeply altering

the relations of cities with the environment as a source and a sink. Examples include

the extraction of minerals for built environment and industrial processes providing

manufactured goods; the conversion of fossil energy into electricity for buildings and fuel

for vehicles; the use of natural resources (e.g., land or water) to support urban expansion

activities. In a planet with limited resources, the challenge should not be to find new

resources but to improve the way we use them and the lifestyles that they support, or in

other words, to plan strategies to generate more value and higher quality of life with fewer

inputs. It is well-known that cities depend on imports of external resources; however, they

also benefit from internal resources and ecosystem services. Based on this framework,

an urgent effort is needed to explore crucial urban issues that have not yet been

adequately investigated. A strategic resource management is needed to actually move

towards sustainable cities. In particular, a special focus should be placed on: (i) to monitor

and properly manage the city’s resources and energy systems within the metaphor of

“urban metabolism;” (ii) to define innovative approaches, actions and strategies that

ensure the sustainable management of non-renewable urban resources; (iii) to protect

and restore urban ecosystem services as valuable renewable resources, and finally (iv) to

envisage participatory governance processes for the appropriate allocation of resources

to the common well-being.

Keywords: urban resource management, urban metabolism, sustainable resource use, circular economy,

well-being
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INTRODUCTION

Cities and more generally urban areas are growing very rapidly.

The urban population currently accounts for more than 55%
of the world’s population, and this figure is expected to rise to
68% by 2050 (United Nations, Department of Economic and
Social Affairs, Population Division, 2019a). In addition, it is

predicted that by 2030 there will be 43 megacities worldwide,
i.e., urban complexes with at least tenmillion inhabitants (United
Nations, Department of Economic and Social Affairs, Population
Division, 2019b). According to Marvuglia et al. (2020), while
urban areas cover only 0.4–0.9% of global land area, they
are host to more than half of the global population and are
responsible for around three quarters of global final energy
use as well as related carbon dioxide emissions. Like living
organisms, cities require huge amounts of natural resources, raw
materials, food, energy, and goods to sustain the activities of
their inhabitants (European Environmental Agency, 2015). The
United Nations Environment Programme (UNEP) reported that
further urbanisation could increase the annual consumption of
raw materials (fuels, minerals, biotic resources) to almost 90
billion tonnes by 2050, a 125% increase from 40 billion tonnes
in 2010 (International Resource Panel, IRP, 2018).

According to the European Environment Agency (2006),
several factors can be identified as driving urban growth:
macroeconomic factors, such as economic growth, integration,
and globalisation; microeconomic factors, like rising living
standards, but also high land prices in city centres compared
to agricultural land; social and demographic factors, including
the increase in household formation and the change in
housing preferences. However, it should be considered that
in some countries rapid urbanisation is closely related to the
implementation of village relocation and urbanisation schemes,
which imposed continuous and large-scale rural expropriation
and land transfer (Lu et al., 2018) and exercised unified rural
planning (Huang et al., 2018).

As a result of these multiple actions, the processes of
densification and urbanisation are accelerating resources
depletion and the degradation of urban ecosystems (Galli
et al., 2020). Just to mention a few prominent examples, (i) a
large number of cities in China are reported to be suffering
from severe water shortage problem (Guan et al., 2018); (ii)
Jakarta (Indonesia) is experiencing a resource crisis due to
human-induced problems such as intense population density,
traffic congestion, water pollution, as well as serious challenges
induced by climate change (Shen et al., 2020); (iii) developing
countries such as Bangladesh are undergoing dramatic
changes in land cover/land use due to population densification
(Kafy et al., 2021).

Another emblematic case is represented by Latin American
cities. As urban centres such as Mexico City and São Paulo
have expanded, they have “swallowed up” smaller neighbouring
cities, but the latter have remained outside the jurisdiction
of the larger city. The phenomenon of geophagia, by which
we identify the consumption of land for urban activities, has
also involved Buenos Aires. It is alarming to observe how the
process of expansion of the urban frontier has taken place at

the expense of natural and semi-natural ecosystems (Morello
et al., 2000). Ji et al. (2020) point out that a shocking gap
between supply and demand for arable land emerged during the
process of industrialisation and urbanisation and they estimate
for Shanghai the imbalances between demand for arable land
relative to supply, and inflows of incorporated arable land relative
to outflows.

These examples show that issues related to urban sprawl
and growth are more relevant than ever. However, we feel
that some topics are not yet sufficiently investigated. Thus,
in the following sections, after providing an outline of the
perspectives and factors driving the urbanisation process, we
aim to suggest several unresolved issues to be explored in order
to invite scientists, students, stakeholders to propose actions,
strategies and approaches that can guide towards sustainable
urban development.

INCREASING URBANISATION AND

RESOURCE CONVERGENCE

In more general terms, about 70–75% of total natural resources
are consumed within urban areas (Tan et al., 2021) and the
expected increase of population, associated with increasing
resource use, will hardly allow to meet the basic sustainability
principles within urban systems. The aim cannot be, of course,
to keep the present irreversible urban deterioration, but to
properly converge renewable and non-renewable resource flows
from the surrounding rural areas into the city and implement
feedback actions from cities to the rural surroundings, in order
to achieve a win-win rural-urban interplay. It is therefore
urgent and crucial to understand how to address the issue of
increasing urbanisation and, at the same time, the issues of
(i) direct resource convergence to cities, (ii) indirect resource
demand by processes that ultimately deliver products to cities,
(iii) environmental degradation generated by supply side chains,
and finally (iv) unavoidable resource scarcity in the presence of
growing demand for goods and services by growing population
in urban systems.

Disregarding such much needed focus on the variety of the
attraction patterns of urban systems and the environmental
impacts associated to their continuous growth within a resource-
limited planetmay lead to hard-to-deal-with problems in the very
near future.

Examples of resource concentration may be, among others:

(i) fossil energy extraction, refinement, conversion to
electricity and use in urbans houses and vehicles;

(ii) minerals extraction to built environment and industrial
processes (cement, metals, clay, sand, and gravel, among
others), among which the recent expansion of batteries for
electric cars;

(iii) rare earth minerals in support to electronic devices
(smartphones, tables, computers and more) also called as
critical raw materials;

(iv) land use, in support to food production, livestock,
urban expansion, industrial parks, mobility infrastructures
(highways, high speed trains, etc);
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(v) water use, in support to agriculture, mining,
industry, households;

(vi) waste management through collection, recovery, recycling
(urban mining);

(vii) ecosystem services provided by urban vegetation.

Concentration of resources is constrained by their limited
availability as well as the huge social and environmental problems
created by extraction, transport and processing. Moreover,
concentration to (the richest) cities (or richest fractions of
urban populations) is likely to subtract resources from potential
development and well-being of rural areas and smaller urban
centres. In a planet with limited resources, the challenge is to
design strategies to generate more value and more services with
fewer inputs, perhaps also increasing our awareness that not
all wants are needs. This means that, in order to move in the
direction of the “sustainable city,” available resources must be
managed strategically to satisfy very basic and crucial needs
(qualitative growth) of both large and small urban centres as well
as rural areas, while at the same time disregarding the illusion of
unlimited growth on finite resources.

URBAN RESOURCE MANAGEMENT. IS

“EFFICIENCY” THE KEYWORD?

Resource Management (RM) is a key factor for Sustainable
Development (SD), which in turn must guide Urban Planning
(UP) (Agudelo-Vera et al., 2011). The concept of urban
resource management has no formal definition. However,
according to Agudelo-Vera et al. (2011) it should be referred
to “the conscious handling of natural resources–energy and
materials–and the utilisation of infrastructure and technology
to meet human needs; including extraction, transformation,
consumption or use and disposal of resources.” In response
to increasing resource competition such as the use of land,
drinking water, energy, or ecosystem services, Krellenberg
et al. (2016) introduce the concept of “resource efficient
city.” The latter deals with the link between the increasing
proportion of city dwellers and the intensive use of resources.
It addresses a more equitable and sustainable pattern of living
and consumption, as the way in which resources are used
(e.g., in terms of the water-energy nexus) and transformed.
In other words, a resource-efficient city can be defined as
a city that minimises the extraction of raw materials, waste
production and energy consumption, while at the same time
safeguarding ecosystems and ecosystem services (Dodman et al.,
2017). Some studies (e.g., Tan et al., 2021) move beyond the
efficiency concept, raising an issue of effectiveness, namely
understanding “the hotspots of imports in cities to redirect
resources to where they are most needed, based on the
system overall resource effectiveness to maximise the use of all
resources available.”

Similar to all living organisms, cities and human economies
operate according to Lotka’s Maximum Power Principle
(MPP), i.e., “in processes of self-organisation, systems develop
those parts, processes and relationships that maximise useful
power” (Lotka, 1922a,b). Under maximum power and natural

selection constraints, maximum efficiency, as defined by
classical thermodynamics, is no longer the goal. When
environmental conditions change, the response of a system
adapts by optimising, and not necessarily maximising, its
efficiency to maintain maximum power (Odum and Odum,
2006). It means that cities grow as self-organising organisms:
they manage to increase their power and their ability to
attract resources and maximise their output. According
to Lotka’s Maximum Power Principle, when resources are
abundant, maximum power is achieved by competing for the
largest possible amount of resources, no matter the efficiency
(we may just remember that the Watt steam machine had,
at the beginning, efficiencies around 1–2%, yet it was the
starting tool of the industrial revolution in the U.K. thanks to
abundant and cheap coal storages). Instead, when resources
become scarce, maximum power is achieved by increasing
efficiency through collaboration with other players and
urban systems.

URBAN WELL-BEING VS. SHRINKING

RESOURCE BASIS

As mentioned above, a city is generally regarded as a complex
open, non-linear, adaptive, and resilient system, which demands
large amounts of energy and resources (Shen et al., 2020).
Thus, an urban system is not only dependent on its close
neighbourhoods but also absorbs resources from very far outside
areas, thus competing with other urban systems worldwide and
challenging the carrying capacity of the Earth’s life support system
(John et al., 2019). So, the problem is how to improve the quality
of life of an increasing number of citizens and make an urban
system sustainable even with a shrinking amount of resources.
The solution is neither simple nor unique. Tomeet this challenge,
an important step is to describe the city’s energy resources
and systems within the “urban metabolism” (UM) metaphor
(Wolman, 1965; Odum, 1996). The UM approach includes all the
physical stocks and flows of energy and matter that constitute the
material basis of a city and creates at the same time awareness of
decreasing availability vs. increased demand. In this framework,
UM assessments become fundamental tools to inform evidence-
based and resource-conscious urban planning and design,
allowing a comprehensive understanding of the urban dynamics,
to enable a better management of resource flows (Céspedes
Restrepo and Morales-Pinzón, 2018; Ulgiati and Zucaro, 2019).
This means, in the first place, contemplating simultaneously
multiple actions-strategies by different actors and at different
scales: from the individual building to the neighbourhood, from
the city to the region. The challenge is to integrate possible
actions to consider the whole system and the interactions
between its individual parts. According to the International
Resource Panel, IRP (2018), an appropriate and comprehensive
understanding of the connexions and interactions among
one or more infrastructure sectors–such as construction and
buildings, energy supply, water and wastewater treatment, waste
management, travel behaviour and transportation–can provide
benefits for sustainability and increased resilience. Secondly,
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specific solutions need to be designed for each city: an effective
path to sustainability must be built on a place-based approach
that reflects the characteristics of the individual city in terms of
natural, social, and economic capital.

THE NEED FOR INNOVATIVE AND

INTEGRATED STRATEGIES

What specific actions and strategies should be implemented is
hard to say. According to the Environment Protection Authority
Victoria (Environmental Protection Agency Victoria, 2020), it
is possible to identify a group of objectives that are currently
key to making an urban system resource oriented. These
objectives relate to: (i) decreasing and manage waste, to provide
a wide range of options that are both environmentally and
financially effective and efficient; (ii) selecting resources, by using
materials and designing processes that produce less waste; (iii)
decreasing non-renewable energy use, with actions to maximise
daylight, shifting to renewables (e.g., replace electric heaters with
solar heaters), reducing CO2-emitting devices; (iv) preserving
freshwater, by reducing excess use and contamination risks by
toxic materials; (v) improving information, by monitoring energy
and other resources consumption; and (vi) reducing odours and
air emissions. Clearly, these are closely related objectives that
must be pursued simultaneously and with integrated strategies.
For example, water-energy consumption nexus (WEN) and food-
water-energy nexus (FWEN) approaches can provide important
insights for sustainable water planning (Fan et al., 2019). Further,
minimising waste is undoubtedly crucial, but it cannot be the
only way to address the waste issue. When waste cannot be
avoided, recovering materials and energy from waste, as well
as remanufacturing and recycling into usable products can be
a second-step strategy on the way towards sustainable waste
management. “Managing waste” by giving resources a second life
translates into reducing pressure on the environment, limiting
negative impacts on human health and promoting economic
growth by fostering circular economy patterns.

To achieve appropriate resource management in cities, in
addition to monitoring and managing urban metabolism, an
appropriate design and interplay of the components of the urban
system is also a crucial issue that must be addressed. According to
Ramaswami et al. (2012), the urban system design derives from
the mutual interactions of three sub-components: (a) natural
capital, (b) engineered infrastructures, and (c) the actors and
institutions that regulate these infrastructures.

Natural capital, which may at least translate into urban green
areas within and around the city, is a strategic importance aspect
as it allows urban pollution to be uptaken and limited, benefiting
human life and biodiversity. In fact, nature conservation
strategies and maximisation of space for urban forests would
philtre pollutants from urban metabolism and improve human
livelihoods (Endreny et al., 2017).

Engineered infrastructures of an urban system—also
known as the “grey” infrastructure system—include the built
environment, from buildings to utilities, from roads to other civil
transport structures. It does not only determine the spatial extent

of the city and the urban patterns, but plays a crucial role in
urban sustainability, as “physical social well-being” (Dong et al.,
2018). In this regard, models such as the “15-min city” (Moreno
et al., 2021), relaunched by the Mayor of Paris Anne Hidalgo,
may positively influence the achievement of more sustainable
lifestyles. The idea is to transform the metropolis into a place
where citizens can reach any service and satisfy their needs (from
culture to shopping) in a few minutes, on foot or by bicycle,
made possible by decreased distances among living, working and
leisure sites, as well as implementation of suitable infrastructure.
Such a city model could become instrumental in the regeneration
of urban neighbourhoods. Indeed, this new vision of a compact
city, in addition to fostering social cohesion, is capable of
significantly improving the urban metabolism. On the contrary,
uncontrolled expansion of the built environment most often
leads tomisuse of resources, soil sealing, fragmentation of natural
systems, urban-rural imbalance and increased consumption of
energy and materials. For this reason, particular attention should
be paid to the development of an appropriate infrastructural
system and to the choice of building types that achieve optimal
use of space and resource use. In this respect, Pomponi et al.
(2021) have shown that higher urban environments increase life
cycle greenhouse gas emissions by 154% and low-density urban
environments increase land consumption by 142%. These studies
show that opting for one building type over another is crucial for
sustainable urbanisation Urban planners and local governments
should undertake integrated strategies and resource-oriented
policies on different spatial and temporal scales.

Finally, societal structure and dynamics play a key role in
the path to urban sustainability. Indeed, through its lifestyles,
values and behaviours, civil society can guide decision-makers to
implement efficient integrated urban planning.

VALORIZATION OF URBAN ECOSYSTEM

SERVICES

Although we recognise the need to carefully manage the energy
and material resources converging towards urban systems, we
are also aware that cities can themselves be resource producers
and generators of ecosystem services, most often disregarded:
“When human valuations do not measure the real contributions
of natural ecosystems, as is currently the case, ecosystems are
not protected, and the larger systems produce less when the
natural ecosystems are lost to development” (Odum and Odum,
2000). In this context, the creation and restoration of natural
areas, forests and urban parks, as well as spaces for agriculture
within the city, are undoubtedly key initiatives for sustainable
urban planning.

Therefore, a key strategy to improve the liveability, health
and resilience of growing cities is to invest in the restoration of
urban ecosystem services that are generated in a diverse set of
habitats, including: green spaces, such as parks, urban forests,
gardens and courtyards; and blue spaces, including streams,
lakes, rainwater retention ponds, artificial wetlands (Elmqvist
et al., 2015). Networks of green and blue areas, both in suburban
and urban areas as well as directly integrated into homes through
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green roofs and green walls, can provide a wide range of benefits,
classified according to MEA (2005): (a) provisioning services such
as water, food, fibre, timber, and genetic resources; (b) regulating
services including climate regulation, flooding, disease control,
water quality and waste treatment; (c) cultural services such
as recreation, spiritual fulfilment and aesthetic enjoyment; and
(d) supporting services such as soil formation, pollination and
nutrient cycling. It is crucial that urban systems self-organise in
a way to maximise these services, instead of having to rely on
energy-driven technology.

In addition to green and blue spaces, also urban agriculture
and agroecology can contribute to a diverse set of ecosystem
services (Nicklay et al., 2020). Urbanisation, geophagy, and
the expansion of cities into rural areas are bringing about a
radical change in food systems and agricultural production. Thus,
applying agroecological principles to urban agriculture initiatives
(farms, community gardens, and home and hydroponic gardens)
may become an important strategy to support goals such as food
access, racial/environmental/food justice, climate adaptation and
mitigation, and stormwater management (Recknagel et al., 2016).
In summary, awareness of the importance of natural capital
and ecosystem services in the city could mean harnessing
degraded urban areas and allocating them to a different narrative,
subjecting them to restoration and even expansion.

EXPLORING THE UNEXPLORED

From the issues introduced above, it clearly emerges that while
cities are among the main contributors to energy and material
consumption, they may have a high potential for achieving
resource efficiency and effectiveness as well as innovative
sufficiency patterns, that allow well-being within sustainable
development. It is crucial to focus on these aspects and suggest
how to reduce resource consumption, how to decrease the
environmental burden, how to create a new balance between
human-controlled systems and natural systems and rural-urban
interplay. The main issue is not (only) finding new resources, but
improving the use of existing ones and the lifestyles that they
support, by defining strategies for better urban management and
governance through new systemic narratives in which systems
act to match action and information with their goals (Gonella
et al., 2019). In this regard, it should be noted that the scientific
community has contributed to the development of techniques
and implementation of urban resource assessment tools using
the UM framework. These include material flow analysis,

ecological network analysis, emergy accounting, life cycle
assessment, food-water-energy nexus and input-output analyses

to manage material production, and consumption in cities.
Several important urban issues have not yet been sufficiently
investigated and many questions/problems remain unanswered
and unsolved. Waste management, ecosystem services, and
community sharing of basic resources are clear examples. In fact,
few studies have been implemented to comprehensively address
emerging problems related to the quality of resource use and the
circularity of resource flows in urban systems (Tan et al., 2021).
A second issue mainly concerns the definition of: (i) innovative
and integrated approaches for the strategic management of urban
resource flows; (ii) urban problem-solving approaches to address
issues such as resource recovery from waste, nature restoration
in cities to ensure ecosystem services, geophagy and urban-rural
imbalance; (iii) actions for more efficient and effective use of
existing technologies; (iv) strategies to extend the life of urban
resources and to make cities become producers of resources
and ecosystem services; (v) economic models to support urban
decision-making concerning, for instance, the optimal allocation
of resources to urban green spaces or the recovery of urban
unused areas so that they are converted to the highest and best
use; (vi) fair governance initiatives so as to ensure equitable access
to goods, natural resources and services.

In a nutshell, no path to sustainable development would be
possible without first analysing the urban system overall, i.e.,
considering the interrelationships between its sub-systems and
the specific characteristics of cities, such as social and economic
and natural resources. Finally, only through participatory
governance processes based on dialogue between stakeholders is
it possible to plan actions and intervention strategies that ensure
the appropriate use and management of urban resources.
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