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ABSTRACT
The advantages and limitations of renewable energy have been discussed in various studies with an 
aim to increase its participation within the national energy mix. Options are being sought to encour-
age its use, mainly with the deployment of large-scale installations, which in many cases are farther 
from the centers of consumption.  Such approach does not reduce neither the losses associated with 
transportation nor the lack of empathy of urban society with the externalities produced in areas placed 
far from the cities. As an alternative, it proposes to raise energy self-supply by promoting the use of 
endogenous resources that a city may possess. It was determined that there are several technologies 
that are available and that can be applied in a city. In spite of the fact that its implementation can be 
conditioned by the existence of the resource, costs or acceptance of the community, it is urgent that 
urban planners include the use sustainable energy, in order to meet future shortages of resource and 
adverse environmental phenomenon. With this proposal we conclude that using the approach of urban 
metabolism it is possible to promote the use of available renewable energy resources at cities. Based 
on a general approach, it is shown that it is possible to contribute to change a metabolic linear model 
to a metabolic circular model.
Keywords: planning cities, renewable energy, review, urban metabolism, urban sustainability.

1  INTRODUCTION
Cities are the result of energy development; which more than just grouping the bulk of 
humanity concentrate buildings, transportation systems, industrial processes and other inno-
vations. Residents of cities import a large quantity of materials that are transformed through 
processes, which can cause critical impact at the regional and global levels [1]. More than 
50% of the world’s population lives in areas regarded as urban, which consume more than 
two-thirds of primary energy, which cause between 70% to 80% of greenhouse gas emissions 
associated with the use of energy, [2–4].

The expected environmental deterioration, including the future effects of global warming, 
requires that the manner in which cities are conceived is modified. As an essential step, the 
need for public policy and organized planning arises in order to cause a change in the behav-
iour of the population [5]. Given the enormous pressure exerted by the towns on the 
environment, the proposed changes are in fact an opportunity to promote sustainability [6, 7].

Alternatives have been proposed in several previous studies, and although they are not 
practical short-term solutions these must be analyzed further in cities where planning does 
not yet consider the decreasing consumption of material resources or energy [8, 9].



	 A. Barragán & J. Terrados, Int. J. Sus. Dev. Plann. Vol. 12, No. 3 (2017)� 417

Agudelo et al. [10], argues that planning should consider an efficient management of 
energy and materials for the development of urban infrastructure that reduces the constant 
requirement of these inputs. The long-term challenge is to reform energy policies so that they 
may allow a modification on the demand of the community [9], in turn, causing a change in 
consumer behaviour, the dynamics of the market and political forces.

As an alternative to change, autonomous provisioning arises; the same which is defined as 
the ability of a community to provide internally for their basic needs. In the case of energy, it 
is envisioned that the community consider their local geography, as well as the availability of 
its resources to meet their demands [9]. Therefore, every community must analyze their own 
needs and the resources that are available for those needs. From here, it requires studying the 
local characteristics to define individualizing the obstacles and opportunities [11], compared 
to the inevitable reduction of non-renewable energy resources.

The concept that allows to analyse this provision of the energy resource is urban metabo-
lism (UM). This is understood as “the total sum of technical and socioeconomic processes 
that occur within cities that lead to the growth, production of energy and waste disposal” 
[12]. This approach of analysis has traditionally served to establish the material and energy 
flows of a city; and despite of it being referred to as a requirement and the establishment of a 
metabolic circular process, studies have focused marginally in energy sufficiency through 
renewable energies. Current technology allows for the provision of energy through renewable 
sources without requiring it to come from only large infrastructure. Vandevyvere and Stremke 
[13] state that efforts should be extended to include sustainable energy management in urban 
planning. A city with low energy imports and high presence of renewable energies, as well as 
an efficient use of energy, for example, will have an impact on the reduction of CO2.

This work identified, through a detailed literature review, the renewable technologies that 
can be applicable to the city. In addition, it justifies how renewable energies can be seen as 
tools that allow a sustainable urban planning under UM.

2  URBAN METABOLISM
Although studies that examine mass and energy in urban environments  refer to the usage of 
diverse terminologies, often they are called urban metabolic analysis [1]. Cities have been 
compared to biological organisms, since they require energy and resources to transform them 
and convert them into work and waste. However, it is preferable to compare them not as the 
metabolism of a single agency but as an ecosystem or as the sum of ecosystems [14]. From 
this perspective, a city could be considered as a “new” ecosystem that has seen little develop-
ment [6]. In this space, humans exchange materials and energy with the outside [15], in order 
to feed, work, live, transport and communicate [16].

2.1  Methods used to evaluate urban metabolism

Studies on UM use two general types of methodologies; on the one hand, are those that are 
based on an inventory of inputs and outputs (materials and energy), and on the other, those 
that use biophysical indicators that allow to represent the resources and energy efficiency in 
terms of emergy and exergy [4, 14, 17].

A specific categorization used to evaluate the urban energy profile, is based on Chen and 
Chen [18]:

•	 Urban energy flows: which allow to monitor the direct energy consumption and it is possi-
ble to relate the energy imported and exported depending on the type of fuel used [18, 19].
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•	 Analysis of inputs and outputs: that allows to assess the direct and indirect energy pro-
vided by two different productive sectors. Relationships between them are measured in 
terms of energy, as a function of what one sector contributes to the other [20, 21].

•	 Analysis of ecological networks: allows for evaluation of the direct and indirect energy 
between various productive sectors. This approach considers that each sector has linkages 
with other sectors [18, 20].

Unlike UM that evaluates the inputs and outputs of materials, energy has a behaviour that 
differs, since it is not reversible. Energy allows the processing of materials and in spite of the 
fact that it can be stored, it generally dissipates [21]. The energy that enters the socio-economic 
system is known as direct energy [19]. This energy is the sum of the energy of domestic extrac-
tion and imported energy. In the first case, this energy is attributed to biomass energy within 
the study area. Imported energy, corresponds to the external energy, which would include the 
energy carriers and the energy contained in the materials. A specific productive sector, in addi-
tion to direct energy requires indirect energy. Indirect energy is that which comes from another 
sector, for example, the energy that comes from products or services [18].

All the energy that enters a sector is known as energy embedded and is the sum of the 
direct and indirect energies [18, 22, 23]. The use of the direct energy allows only a partial 
analysis of the totality of energy required by a city. In fact, the direct energy accounts only to 
40% of the total energy embedded [23]. According to Chen and Chen [18], in certain sectors 
indirect energy can be between 26 to 30 times more than the direct energy. For the purpose of 
this work, direct energy of carriers that requires a city is analysed, since it is sought to iden-
tify the types of renewable energy that can be used in cities.

With the knowledge that energy comes from energy carriers, it can be established that 
energy substitutes can be provided by renewable energy, and thereby being the first step to the 
proposal of changes. Likewise, reduction of energy flows from sources causing environmen-
tal impacts, emissions or waste, will involve the reduction of adverse effects. Figure 1 
represents the use of renewable energy to promote circular UM.

3  RENEWABLE ENERGIES WITHIN CITIES
The energy sector is strategic; on the one hand, it allows to maintain a certain lifestyle and, 
on the other, it is a basic requirement for the economic development of a society [24]. 
Industrial revolution allowed for the advancement of the sciences and a vertiginous urban 
growth related to the intensive use of energy supported by the exploitation of fossil resources 
[14]. For more than 200 years the urban energy model has been based on the use of fossil 

Figure1:  The use of renewable energy in order to promote circular urban metabolism.
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fuels, first with coal which allowed for the industrial development followed by oil which has 
facilitated urban growth [15]; however, the “fossil fuel era” would be near its end within the 
next 100 to 200 years [16].

Energy self-sufficiency through renewable sources is an alternative to promote a closed 
energy cycle in urban areas [12], to the extent that it should replace technologies that require 
fossil resources. An individual evaluation must be done for each city, due to its geographical 
conditions, the availability of resources, or the energy use, which can all be limiting factors 
for the use of one technology versus another [9].

Unlike the fossil-fuel-based energy, renewable energy sources (RE) are considered sus-
tainable, because they can contribute to energy needs without reducing the availability of 
energy sources in the future. In addition, REs can be used in distributed applications, promote 
local labour and constitute an indigenous resource, which would have a direct impact on the 
long-awaited energy sovereignty of any country or region.

In cities that have been built without considering the endogenous energy option, the build-
ings do not consider the incorporation of passive or active energy systems. Several studies 
have been conducted to show that it is possible for a city to become fully or partially energy 
self-sufficient. Páez [8], proposes that in conjunction with the renewable resources, bioclimatic 
architecture, energy efficiency and the implementation of programs that are directed to a 
circular pattern of  UM must be promoted.

3.1  Case study

Literature that indicates proposals from several researchers to promote the use of the REs in 
the cities was analysed. So far, there is no single method for assessing the potential energy 
within a city. The applicable technologies depend on the existing resources as well as the 
requirements for their use. It is not clear which is the best option from a technological, social, 
environmental or economic point of view. The choice will also depend on the available 
resources, the intended benefits or decrease of externalities [13, 25].

The technologies chosen are those that can be used in the cities, and whose technological 
maturity enables them to supply a percentage of the demand. The Institute for Energy Saving 
and Diversification of Spain (IDAE in Spanish) [26], classifies 11 sectors and 22 renewable 
energy systems. Based on a literature review, the authors established 11 renewable energy 
systems that can be applied in cities. Table 1 shows some examples of these systems, and the 
percentage of energy demand that could be achieved with their implementation.

Systems were chosen whose resources were available within the city (biomass, solar, wind 
or geothermal energy) or come from it (waste or wastewater). Energy or materials that comes 
from outside is not considered because what is sought out is for the use of energy in a way 
that promotes circular urban energy metabolism. In the case of hydropower and the energies 
of the sea, even when there are experiences of its application in urban areas, their use would 
be limited in those cities that have the required conditions.

The research focuses not just on one sole technology, as it is intended for several renewable 
energies to be used in order to improve the performance or satisfy energy demand [27, 28].

3.2  Planning in cities

For cities in the twentieth century to be suitable for the health conditions of the people, infra-
structure was created or public policies were proposed based on scientific knowledge. The 
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Table 1:  Examples of research on the use of renewable energy in cities.

Sector System Reference % Demand Use City

Biofuels Bioethanol [29] 12,6 Thermal Chinese Cities
Biodiesel --- --- --- ---

Biomass Gasification --- --- --- ---
Direct combustion [30] 4,36 Electric Mar del Plata
Co - combustion --- ---

Biogas Biogas [31] 120 Electric US cities
Waste MSW* landfill 

biogas
[32] 6 - 40 Electric Mexicali, 

Tijuana
Incineration and 
co-incineration

[33] 12,44 Electric Brazil cities

MSW* gasification --- --- --- ---
Ocean energy Wave --- --- Electric ---

Currents [34] --- San Luis
Wind energy Onshore [5] 43 Electric Wageningen

Offshore --- --- --- ---
Geothermal Electricity genera-

tion
--- --- --- ---

Air conditioning [35] 100 Thermal Westminster
Hydroelectric Small hydro [36] --- Electric Switzerland 

village
Solar  
photovoltaic

Photovoltaic [11] --- Electric Kerkrade

Solar thermal Solar thermal [37] 46,6 Thermal Mexico city
Solar  
thermoelectric

Central receiver --- --- --- ---
Linear Fresnel 
reflector

--- --- --- ---

Parabolic Dish 
Stirling

--- --- --- ---

*MSW, Municipal Solid Waste

goal, for example, was to provide the largest population with basic services or reduce dis-
eases. The new paradigm for the twentyfirst century is changing because cities will have to 
cope with environmental changes and shortage of resources. Therefore,  more than new infra-
structures, the requirement will be for policies that promote the development of cities 
conditioning them to reduce their intake and to aim for a decline in waste generation [6].

It is proposed that cities are designed as a system with a circular metabolism [11]. To con-
tribute to the development of renewable energies at the regional level, it is necessary to establish 
long-term strategies that point to a sustainable energy system based on available resources 
[24]. In this sense, Haberl [19] explains that the knowledge of the analyses that is derived from 
studies of material and energy flows will increase the efficiency of the resources used.
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Haberl [19] suggests that urban planning must be conditioned by the requirements of 
sustainability. In this sense, proper management of resources that consider several topics is 
required, relating to the provision of water, energy and materials, public infrastructure, com-
merce and industry. To encourage the use of renewable energy, it will be required to 
accompany it with implementation of legal framework, tools, education and successful 
examples. In new sites, from the start planners can establish conditions to promote buildings 
that embrace the principles of bioclimatic or renewable technologies.

4  CONCLUSIONS
UM is a tool that allows the identification of the material and energy flows within the city. Its 
purpose is to properly manage the resources that are required by cities without compromising 
the quality of life of the people or the environment from where the resources are obtained. 
One of the requirements of the current society is the use of renewable energies; however, in 
the planning of cities these are not being considered as mechanisms to reduce the importation 
of energy.

UM aims to know, among others, energy flows. To establish which renewable technologies 
can be applied in a city, determining the flow of energy carriers is suggested as a first step to 
propose changes in the management of energy locally. Knowing the UM energy of a city, 
energy resources and renewable technologies, it will allow for the proposal of policies that 
encourage the implementation of one or multiple technologies.

This paper describes that renewable energies can be used to promote circular UM. Several 
investigations show that part of the energy demand of a city can be covered by REs. However, 
the special conditions of a city, its location and energy requirements are limitations to the 
extensive use of a single technology.

Through a literature review, 11 renewable technologies with different degrees of maturity 
have been identified, which can be applied in cities. Costs associated with the operation and 
maintenance and lack of empathy with the environmental events, prevent social acceptance 
and, therefore, its massive use. However, the need for a more sustainable energy system and 
the future role of cities will require to design new policies and planning processes to promote 
the use of renewable energies in urban areas, taking advantage of local resources.

The use of RE´s within cities means a change of the current energy model. The proposed 
paradigm is reflected in the decrease in the import of energy resources outside the city. The 
utilization of energy resources will decrease the dependence on non-renewable resources pol-
lutants, reduction of externalities related to construction and operation of large transport and 
power generation infrastructures. In addition, it would have an impact on the losses associ-
ated with energy transport.

The proposal, however, involves several challenges. This will have an impact on the way 
cities are planned and will also require a change in the patterns of energy and material con-
sumption. It is essential to be a more committed society with regard to environmental 
problems and, therefore, the sufficiency of energy as a guarantee for achieving sustainable 
development.

As a complement to this study, the authors encourage to deepen the analysis, by first inves-
tigating the energy situation in a city. Once renewable technologies that can meet current 
demands are identified, it is possible to create local energy scenarios and by using sustaina-
bility indicators proposed options can be formulated. In addition to obtaining knowledge of 
the energy situation in the cities, the interests of those involved prior to implementing a local 
policy should also be considered.
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