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Abstract: Social, technological and economic changes, citizen demand of services
modernization, new ICT developments related to the Internet of Things and an economic
situation that urges more efficient public administrations, have allowed the adoption of ICT by
municipalities in order to provide public services. All the foregoing constitutes a boost of the
smart city concept, which is considered in the scientific literature mainly from a technical point
of view, overlooking deeper analysis on the specific services being provided by means of smart
technologies. The current research identifies services provided using smart technologies at 26
Spanish smart cities and the degree of smart development of those cities based on which
services provide. The results highlight that the services most widely implemented are those that
allow direct reductions in local administration expenditure. On the other hand, the remaining
services enjoy greater perspectives of future development. Additionally, three groups of smart
city development have been identified, which allows benchmarking analysis and enhances the
exchange of information between the cities.
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1 Introduction

Advancements in innovative information technology (IT) solutions have enabled not
only the private sector, but also public institutions to radically improve the way they
perform their operational activities [Stragier, Verdegem, & Verleye, 10]. This has
allowed local governments to transform the way services are offered to citizens
[Gupta et al., 08; Kamal et al., 10].

Cities have taken advantage of Information and Communication Technology
(ICT) to enhance its competitiveness and improve citizen quality of life during the last
20 years. This phenomenon is associated to the smart city [Caragliu et al., 11]. Within
the last several years, the smart city concept has gained a lot of attention and
momentum in the European Union, with various projects being set up in nearly every
European city [Schuurman et al., 12].

Additionally, citizens are demanding greater efficiency, sustainable development,
quality of life and improvements in resource management. In order to address these
questions, local authorities are considering the implementation of management
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models which, jointly with energy efficiency, new infrastructures and environmental
protection, mainly focus on ICT. A city that implements all these policies is
considered a smart city [Rosario et al., 13].

A significant amount of publications try to conceptualize and define the elements
and application domains that constitute smart cities, mostly from a technological
approach [Nam & Pardo, 11; Schuurman et al., 12]. However, little research has been
carried out in order to analyze ICT innovation on public services provided within the
framework of smart cities. Furthermore, there is a lack of research on services
currently being implemented under the umbrella of the smart city concept. Besides,
the literature that analyzes this environment usually focuses on individual case
studies [Nam & Pardo, 11; Schuurman et al., 12]. Therefore, a deeper research based
on comparative analysis of different cities using objective criteria is needed.

In this context, this paper pursues to fill those gaps by analyzing key public
services provided using innovative ICT in the Spanish smart cities environment. As
the smart city concept is generally used from a holistic perspective, we also aim to
identify different levels of smart cities depending on the services provided.

This analysis will allow local governments to know what other cities are doing
stablishing comparatives with their municipality and learning best practices from
pioneers. Moreover, IT professionals will be able to understand which public services
are more developed and identify which might bring opportunities when implemented.

The rest of the paper is structured as follows: section 2 describes the context of
smart cities and the public services they provide from a theoretical perspective. In
section 3 we explain the methodology used for the research. Section 4 is dedicated to
the results of the public services provided in the main 26 Spanish cities that count
with innovative and smart cities’ technology. In section 5 we discuss the results and
section 6 includes the conclusions. Finally, on section 7 we report limitations and
propose lines for future work.

2 Smart cities environment

The Smart cities have aroused in a context characterized by the convergence of a need
for change in municipalities and the availability of technology.

2.1  Challenges for municipalities

We look upon the Public Sector as the set of activities of any given nature practiced
by public entities, where local government appears as the link between the public
sector and the citizens [Martins Marques de Lima Rua, 12]. As a result of its
proximity to people, local governments are subject to a significant pressure to deliver
greater and more efficient public services [Cabrero Mendoza, 97; Paulin, 13]. Local
governments are responsible of identifying community needs and respond to them
with the most adequate services and management models [Iglesias et al., 13; Martin
Vallespin & Gianfelici, 11].

In a phase of economic crisis and budget cutbacks in many Western countries,
innovation and change in the public sector look particularly significant [Pollitt, 10]. It
is necessary to improve the efficiency of existent services and to create new ones
adapted to the current situation [Fernandez & Nebot, 13].
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ICT applications can offer solutions when responding to those political,
managerial, democratic or material challenges [Pattaro & Tripi, 13; Sabucedo &
Anido-Rifén, 10]. Technology can bring about transformational change in public
service provision, administration and engagement with the general public [OECD,
05]. In order to achieve this goal, municipalities must assimilate a variety of
technologies that integrate a special microenvironment that is described next.

2.2 Technology for the smart city

Digital devices connected through the Internet are producing big amounts of data that
can be turned into knowledge using computational power, a concept known as Big
Data. All this knowledge can improve efficiency, productivity and quality as well as
reduce costs and cut waste [Batagan, 11]. An important aspect within these innovative
applications of ICT is the collection of all sorts of data and information by sensors
and sensor networks [Schuurman et al., 12].

Telefonica proposes a technological model for the smart city (Figure 1) based in
the collection of information, its aggregation through communication networks, its
storage and analysis, and its utilization by public services providers [Telefonica, 11].

> Data Aggregation " il g

Through
Data Collection Communication Data Analysis Service Providers
Networks

Source: Elaborated by the authors based on a model created by Telefonica
[Telefonica, 111

Figure 1: Technological model for the smart city

Al-Hader, Rodzi, Sharif, & Ahmad, (2009) specify the technological components
within the framework of a smart city development pyramid: smart interface
(dashboard, common operational platform, integrated web services), smart building
management system (building automation control network, local operating network
works, HVAC), smart database resources (spatial database, database server,
complementary data resources) and smart infrastructure (electrical, water, district
cooling, gas, irrigation, fire systems, telecommunications and communications
networks, etc.). All components are properly integrated and the systems are
combined. On the basis on the pyramid created by Al-Hader et al. (09), we have
created a figure of layers, as the smart city is the core where the information is
generated, as well as the starting point to reach the other layers (Figure 2).
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Source: Adapted by the authors from the Smart city
Development Pyramid [Al-Hader et al., 09]

Figure 2: Smart city development layers

The economic crisis has urged local governments to implement innovate and
more efficient management models. Besides, explosive broadband and personal
devices use has given rise to demands of digital services which also challenges cities
[Walravens & Ballon, 13]. The technological context provides local authorities with
new opportunities for Big Data, Internet of Things and other cutting edge approaches.

Even though the term smart city is relatively young, it is used all over the world
with different nomenclatures, context and meanings [Chourabi et al., 12; Nam &
Pardo, 11; Walravens & Ballon, 13]. In our current work, based in a practical
approach supported by the existing literature, we have considered a smart city concept
that strengthens the importance generated by ICT. The smart city is the urban center
made safe, sustainable, and efficient that provides services with the support of
integrated materials, sensors, electronics, and networks, which are interfaced with
computerized systems, comprised of databases, tracking, and decision-making
algorithms. All of this to improve quality of life of citizens [AMETIC, 12; Giffinger
& Pichler-Milanovi¢, 07; Hall et al., 00; Kehoe et al., 11; Pattaro & Tripi, 13].

It is now required to go in depth in the analysis of the public services that the
smart cities are now providing with innovative ICT.

2.3  Public services in the smart city

Scientific literature provides descriptions of a range of services that can be developed
under the approach of the smart city [Aghemo et al., 2013; Kostic & Djokic, 2009;
Vicentini et al., 2009]. Additionally, a significant number of studies that describe
service provision in a smart city through individual case studies [Bakict et al., 12;
Baron et al., 12; Lee et al., 13; Pattaro & Tripi, 13]. However, there is a lack of
research on the range of services that are currently being implemented within smart
cities. Given this situation, it was carried out a review on literature that allowed the
identification of specific public services that are being provided under the approach of
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the smart city technological model. For each service, the need to be covered and the
solution selected were considered (Table 1). This compendium of literature regarding
public services provided with ICT has not been found on research publications.

Smart municipal solid waste management

Description of services. Cities are currently one of the main sources of waste material [Kan, 09],
dealing effectively with all this waste is key for sustainable city design [Zaman & Lehmann, 11].

ICT solution. Schedules and routes for waste collection have to be optimized considering cost, waste
weight and volume, distances and traffic [Ogra, 03]. Telematic tools allow gathering information
from every waste collection point, which can be used to characterize waste production, collection
and disposal [Vicentini et al., 09]. Waste containers can be used to collect data such as weight and
volume using sensors placed at different positions in the container [Rovetta et al., 09].

Smart grids and smart metering

Description of services. The term smart grid designates an electrical system that incorporates
extensive communication, monitoring capabilities, distributed and autonomous control and
management functionalities to the power system; it allows more sustainable means of energy
production, distribution and usage [Farhangi, 10]. Smart meters are advanced energy meters that
measure energy consumption and provide added information to the utility company compared to
conventional devices [Depuru et al., 11]. Information from highly distributed smart metering points is
integrated in nearly real time and processed in order to obtain an insight upon which appropriate
decisions can be made [Karnouskos et al., 12].

ICT solution. The extensive use of intelligent devices such as smart meters, capable of collecting real-
time and accurate information about electricity usage patterns, as well as about the status of
distributed energy resources and other components of the grid, is required in order to enable the an
efficient energy management [Atzori et al., 10]. Smart meter systems include a smart meter which
can communicate and execute control commands remotely or locally, a communication
infrastructure and control devices.

Smart buildings

Description of services. Although smart buildings are centred on the use of smart technologies,
these buildings are also designed for sustainability and energy efficiency. As stated in the European
Commission funded project called “Smart Energy Efficient Middleware for Public Spaces” [Macii, 11],
reduction in energy usage and CO2 footprint in existing public buildings can be address by means of
an intelligent ICT-based service that monitors and manages the energy consumption, and avoiding
retrofitting.

ICT solution. Optimizing energy usage in smart buildings without retrofitting focuses on the control
of HVAC (heating, ventilation and air conditioning) services, lighting and other electrical appliances
[Aghemo et al., 13]. The use of intermittent heating controllers allow the internal temperature of a
space to be lowered during non-occupancy periods, while maintaining the desired temperature
during occupancy periods, when these periods are clearly defined [Fraisse et al., 99]. Commonly used
lighting control strategies for energy savings are: time switching, which involves turning
automatically on and off lights at scheduled times; daylight harvesting, which involves automatic
adjustment of light; occupancy control, which involves turning luminaires on and off when the
presence or absence of people is detected in a room or corridor; and a combination of the previous
[Aghemo et al., 13; Dubois & Blomsterberg, 11]).

Efficient public lighting

Description of services. As public lighting represents a 2.3% in global electricity consumption and
since possibilities for energy savings in the streets are numerous, being some of them able to reduce
electricity consumption in even more than a 50% [Reusel, 08], energy-efficient programs in this field
are welcomed.
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ICT solution. An efficient public lighting network should be a wireless sensor network and may
include points supervision (node status, whether it is connected to the network or not; battery
power; luminosity level), control to switch on/off the luminosity level automatic programmed
actions, actuation of nodes through a remote tool, dimming systems, diagnostic devices and alarms,
and automation of information storage [Kostic et al., 09; Pantoni et al., 11].

Public gardens and parks

Description of services. Water used in urban landscape irrigation has been documented to reach
56% of the total water use in cities [Lohr, 2013], hence the need for smart technologies that lead to a
sustainable water consumption in urban public gardens. Advanced irrigation controllers exhibit
significant reductions in water use when compared with manual irrigation or irrigation with standard
(time) controllers.

ICT solution. Irrigation controllers equipped with rainfall sensors or able to obtain ETO allow water
use reductions within 11% to 75% as compared with manual irrigations [Salvador et al., 11]. Wireless
smart sensor arrays for measuring soil moisture and temperature permits fine scheduling irrigation
for further water savings [Vellidis et al., 08].

Smart traffic and bus services

Description of services. The transport sector in EU is responsible for approximately 30% of total
energy consumptions, 27% of total greenhouse gas (GHG) emissions [Falvo et al., 2011]. Additionally,
traffic accidents and congestion impose an important economic burden to the society [Haque et al.,
2013], which makes urgent a rationalization of urban processes to improve the quality of life, energy
saving and the sustainability of the planet [Schaffers et al., 12].

ICT solution. Smart technologies in transport include different intelligent transport systems (ITS),
such as wireless communications, control systems (collection of traffic data through detection of
vehicles and pedestrians, etc.), monitoring and enforcement systems (different type of sensors,
surveillance cameras, speed cameras, red light cameras, etc.), information management systems
(traffic news broadcasting, public transport information sharing applications, etc.) and revenue
management systems (different types of smart cards) [Calderoni et al., 14; Debnath, 11].

Metro management

Description of services. Subway systems are considered as the most convenient mode of public
transportation in metropolitan areas [Murruni et al., 09].

ICT solution. ITS for metro services are mainly categorized in traffic management systems, traveller
information systems and e-ticketing systems, which include track circuit sensors, Global System for
Mobile Communications (GSM), balises, signalling system for speed control, monitoring cameras
[Franklin, 13].

Smart parking

Description of services. Over a 30% of vehicles on the road in the central area of major cities are
cruising for a parking spot that takes an average period of 7.8 minutes to be found [Arnott et al.,
2005]. A long queue of vehicles driving around cause serious congestion with the blocking of only a
few streets. Additionally, low speed cruising produce significant amounts of automobile emissions
[Lan & Shih, 13] and increases air pollution.

ICT solution. In order to improve parking management, traffic authorities are building so-called
Parking Guidance and Information (PGI) systems in many cities, which present drivers with dynamic
information on parking within controlled areas and direct them to vacant parking spots [Geng &
Cassandras, 12]. The information may be displayed on variable-message signs (VMS) at streets and
intersections or it may be shared through the Internet [Teodorovic & Lucic, 06]. PGl systems are
based on the development of autonomous vehicle detection and parking spot monitoring through
the use of sensors placed in the vicinity of parking spaces for vehicle detection and surveillance
[Geng & Cassandras, 12].
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Water management (distribution and sanitation)

Description of services. In order to achieve the goals of water distribution optimization, and
providing high quality of service to consumers, Advanced Metering Infrastructure should be
implemented. Those infrastructures comprise two-way communications, advanced sensors (water
quality sensor, pipe flow and junction pressure sensors), smart meters and an infrastructure for data
management and treatment that improves the efficiency, reliability and safety of water delivery and
use [Frées & Portillo, 12; Shihu, 11].

ICT solution. AMI architecture make use of GSM communications, flow and pressure monitoring
sensors, water quality monitoring sensors (chemical oxygen demand, biochemical oxygen demand,
conductivity, pH, turbidity, etc.), smart water meters, leakage monitoring sensors and integrated
supervisory control and data acquisition systems [Shihu, 11].

Security and emergencies

Description of services. Intelligent Operation Centers enable cities to manage large complex
environments, communicate more effectively with citizens, understand the state of the city and
collaborate between departments [Ding et al., 11].

ICT solution. Smart cities security and emergency management solutions are based on the use of
sophisticated analytics engines, which automatically process the data and provide intelligent insights
into key performance indicators and trends. Additionally, those analytics provide insight for future
incident planning regardless of future budget constraints [Ding et al., 11].

Table 1: Description of innovative ICT applied to local public services

3  Methodology

The aim of this study is to analyze the key public services now being provided using
ICT in the Spanish smart cities environment. In order to achieve this objective, we
have carried out a research on Spanish cities collecting data about several local
governments. Information was obtained and contrasted from 183 public sources:
official websites, sustainable urban development plans, government and institutional
reports, academic journals, books, trade media and websites (all the sources used can
be consulted in reference (Pérez-Gonzalez, 2014)). The research work was conducted
between June and November, 2013. The cities chosen for the study were selected
considering the capitals or main administrative cities of the Spanish Autonomous
Regions. Except for Extremadura, where Badajoz was chosen instead of Merida, as
the one selected is the largest regional city. Besides, 8 additional cities (A Coruiia,
Alicante, Bilbao, Cordoba, Gijon, L’Hospitalet, Malaga and Vigo) were selected to
complete the sample due to their significance, size and activity in the smart cities
environment, their lead in important technological projects or their stand out in the
first Spanish smart cities ranking [IDC, 12]. The cities analyzed may be found in
Figures 3 and 4.

Subsequently, according to the services identified in the literature review (Table
1), 12 services were considered in order to analyze their smart implementation in each
of the 26 Spanish cities (Table 2). The indicators analyzed in the current research
represent over a third part of a Spanish local government budget [Cebrian et al., 12].

For a given city, each indicator was valued from 0 to 3 in order to characterize its
degree of development: maximum qualification to service provided with smart ICT in
the whole city (3); services provided with smart ICT in parts of the city (suburb,
street, etc.) received a 2; the services which local governments plan to provide with



Perez-Gonzalez D., Diaz-Diaz R.: Public Services ... 255

smart ICT received a 1; and the services that are not provided with ICT and are not
planned received a 0.

Besides, with the information collected, an analysis of the services provided was
carried out in order to classify cities in different groups based on the public services
they provide with technologies that accomplish the smart city technological model
[Telefonica, 11]. There is a cluster analysis performed with SPSS version 20.

Finally, a statistical inference with models of variance analysis (ANOVA) was
made up in order to analyze whether the economic and demographic variables affect
to smart cities’ development in Spain. The ANOVA techniques are used to contrast
the statistical significance of means differences between groups or levels of the
independent variable and allow establish statistically the existence of relationships
between variables [Hair et al., 2007]. Before the application of the ANOVA
technique, it was verified that the essential requirements of normality through the
Kolmogorov-Smirnov test (a value >0.05 was obtained which indicates normality in
the sample) and homogeneity through the Levene’s test (a value of >0.05 was
obtained which indicates the homogeneity of the variances [Hair et al., 2007].

4 Results

In this section, the results of the current research are presented. Results related to the
analysis of services provided using smart technologies are displayed first.
Subsequently, the results that characterize cities based on which services they provide
are described.

4.1  Services provided

Regarding to the services provided in Spanish cities by means of smart technologies,
Table 2 highlights the amount of cities that consider each service and their relative
degree of implementation: Active (fully active), Partially (partially active) or Planned
(planned implementation). It is also displayed the total number of cities that have
implemented each service to some degree (Implemented), the amount of services
implemented or planned (Considered) and the number of those that have not
announced intention of implementing it, i.e. have not considered it yet (Not Consid.).
The number of cities that have not considered it yet (Not Consid.) is the subtraction
between the total number of cities and those that have implemented or planned each
service (Consid.).

The results stated that Spanish cities present a greater degree of implementation
for those smart services related to energy efficiency and management: smart grid,
efficient public lighting and efficient public buildings. Irrigation management
technologies in public gardens are also interesting for municipalities as many of them
use it partially or are planning to do it. However, it has to be pointed that all these
services are only provided in restricted areas or as pilot projects. Additionally, within
this group of services, it should be also emphasized that smart waste management and
efficient public lighting systems are the ones more included in local governments’
plans of implementation for the near future.
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SERVICES Active | Partially Imple- Planned Consi- Not

mented dered Consid.
Smart grid 0 14 14 (54%) 5 19 (73%) | 7 (27%)
Efficient public lighting 0 9 9 (34%) 9 18 (69%) | 8 (31%)
Efficient public buildings 0 10 10 (38%) 6 16 (61%) | 10 (39%)
Solid waste management 1 3 4 (15%) 11 15 (57%) | 11 (42%)
Smart traffic 6 3 9 (34%) 4 13 (50%) | 13 (50%)
Smart parking 0 8 8 (31%) 5 13 (50%) | 13 (50%)
Public gardens irrigation 0 8 8 (31%) 3 11 (42%) | 15 (58%)
Bus services 5 2 7 (27%) 4 11 (42%) | 15 (58%)
Water sanitation 0 1 1 (4%) 6 727%) | 19 (73%)
Water distribution 0 4 4 (15%) 2 6 (23%) | 20 (77%)
Security and emergences 1 3 4 (15%) 0 4 (15%) | 22 (84%)
i\n/[::lra‘; Local Trains 2 0 2 (8%) 0 2(8%) | 24 (92%)

* Whole numbers make reference to the amount of Spanish cities providing a given service, whereas
numbers in brackets refer to same number in percentage

Table 2: Public services provided with smart ICT in Spanish cities

Considering the case of an efficient management of public buildings, there is a
variety of strategies aimed to implement those initiatives in new buildings. However,
new efforts are needed in the cities in order to extend those practices to all public
buildings. Despite of smart grid technologies are widely implemented within Spanish
municipalities, they are only restricted to some urban areas or are pilot projects. No
energy company has yet implemented a complete smart metering system across any
of the cities studied.

Another group of considered services provided using innovative technologies are
those related to urban traffic and transportation, i.e. smart traffic, smart parking, bus
services, and metro or local trains’ management. The most widely implemented smart
services within this group are smart traffic, fully provided by 6 cities, and bus
services, implemented completely in 5 municipalities. The case of the metro service
should be considered unusual because most of the cities studied do not have a metro
network, hence the negligible implementation of smart metro services.

Finally, within the group of services less considered by the 26 Spanish cities,
there is only one city, Madrid, that presents an integrated and smart service of security
and emergencies. The number of cities providing the service partially is three,
whereas the remaining cities have not even planned to adopt the technology yet. It is
also significant the low level of implementation of services related to water
management: water distribution and water sanitation.
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4.2  Groups of Spanish smart cities

Spanish smart cities differ from each other regarding to a variety of characteristics,
such as population, economy, location, etc. However, cities offer a similar range of
public services to their citizens, depending of their population (it is determined by
law); therefore, it is reasonable to classify cities depending of the public services
provided with smart technologies or planned to be provided. In order to classify the
cities based on the criteria mentioned previously, a cluster analysis was carried out
with the considered data. As highlighted in Figure 3, the 26 cities are aggregate
around three clusters. In the first group, highlighted by a higher level of public
services provided with innovative ITC, stand out the cities of Madrid, Santander, A
Corufia, Pamplona, Malaga, Barcelona, Zaragoza and Valencia. A group of followers
aggregates the cities of Sevilla, Las Palmas, Cordoba, Mallorca, Murcia, Logrofio,
Vitoria, Vigo, Oviedo, Bilbao and Valladolid.

Finally, the cluster of cities displaying a lower degree of development in public
services provided with innovative technologies is formed by Toledo, Gijon, Badajoz,
Santiago de Compostela, Alicante, Santa Cruz de Tenerife and L Hospitalet.
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Figure 3: Dendogram of distances and clusters created for the Spanish cities
(including public services provided or planned to be provided).

Selecting only those cities that have implemented the public service technologies
at some point (i.e. active and partially) the resulting cluster analysis is more
disaggregated (Figure 4), passing from 3 to 5 groups. The first group almost does not
change as Madrid, Zaragoza, Valencia and Barcelona stay inside. The differences
between the clusters are generated when considering only the public services
implemented; it originates the birth of two new groups which plan the provision of
many services with ICT.



258 Perez-Gonzalez D., Diaz-Diaz R.: Public Services ...

0 5 10 15 20 25

L'Hospitalet 26
Santa Cruz de
T. 25]

LTI

Gign
Alicante 21

Toledo J
Badajoz 17

Santiago de C.
11

Vigo
Vitoria 1 J
Logrofio 18

Oviedo 1

Bilbao
Valladolid

Murcia 7|

Palma de
Malorca 10

Cordoba
Las Palmas de
G.C. 8|

Mélaga
A Coruiia

Santander

Pamplona 14

Barcelona

Sevila 4

Valencia 3

Zaragoza

Madrid 1

Figure 4: Dendogram of distances and clusters created for the Spanish cities (public
services provided)

Even if the main objective of this work are identifying and describing the public
services provided with ICT as well as classifying the Spanish smart cities, we have
gone further. In fact, a statistical analysis through ANOVA models has been
developed in order to contrast if some economic and demographic data like income
per family, municipal debt and population have any impact in the development of
smart cities. The results of this contrast may be found in Table 3. Based on the value
taken by the significance, also called "p-value", the resulting relationships are
statistically significant when the significance value is smaller than 0.10 (significant at
a confidence level of 90%). No significant relationships are found between the
variables and, therefore, there is not a statistical relationship between the income per
family, the municipal debt and the population of the Spanish smart cities and its
implementation of smart technologies for public services provision.

5 Discussions

The analysis of the results highlighted in the previous section is presented focusing in
two main aspects: services provided and groups of cities.

5.1  Services provided

Regarding to public services provided with innovative ICT, the main criteria that
favor the adoption of some services rather than others are the economic value of the
investments needed to implement smart technologies and their profitability in the
short and medium term. This is being highlighted by the fact that the services
provided are mainly those that allow expenditure reductions or those that enhance the
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energy efficiency of public buildings and in public lighting. Additionally, within the
public services provided with innovative technologies most widely adopted, it could
be emphasized those services that require lower technology investments and fewer
complexity [Bitcarrier, 12], such as the smart management of traffic, the bus services
or the management of garden irrigation. Economic considerations can describe as well
the low degree of implementation of services provided with innovative ICT for waste
management, water distribution and water sanitation. As those services are generally
externalized and provided through concessions granted to private companies for time
periods from 4 to 10 years, the provider companies reject investments in new
technologies that probably will not recoup subsequently.

o, . Average public
Clustel.’s of cities atfend.mg Average income per Average debt of
ICT implementation in e s ce el e
ublic services family (in euros) population municipalities (in
p thousands of euros)
1
24.478 1.398.709 2.063.560
2
22.736 316.706 236.155
3
25.226 344.113 170.387
4
24.180 170.198 57.547
5
23.770 272.306 131.310
F Value| 2,784 4,142 3,902
Significance
(P value) 0,486 0,133 0,198

Table 3: ANOVA Analysis using economic and demographic data

On the other hand, the wide spread of smart grids could be explained considering
the appreciable economic resources of energy companies that allow them to carry out
large smart meter installations. Additionally, customer fidelity to energy companies is
high and that works in favor of the profitability of their investments in new
technologies, as the long term return is virtually granted.

Therefore, from the data analyzed, it can be stated that services that make a
difference in the quality of life of the citizens, but which do not represent a significant
expenditure reduction for the municipality, are not considered for their
implementation with innovative ICT. That could be the case of integrated security and
emergency services.

5.2 Clusters of Spanish Smart cities

Regarding the classification of cities depending on the use or use projection of
innovative ICT in their public services, the results of the research highlight three
groups. First, an advanced group of 8 cities that contains the municipalities that
provide more services. After, the bigger group which includes 12 cities that provide,
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or plan to provide, between 5 and 9 services. Finally, there are six cities that provide
between 1 and 5 services although not in the whole city.

When using only data of services provided (active and partially) and not provided
(both planned and not considered), groups change and some cities modify their
position. Sevilla enters in the first group whereas other cities (Santander, Pamplona,
Malaga and A Coruiia) move to the second.

According to our classification, the factor that determines that a city belongs to
one of the groups is the intensity of its use of innovative ICT in the provision of
services. At this point, it might be interesting to identify the features that impel a city
to provide more public services with innovative technologies.

In this sense, the lack of academic research explaining why some cities are more
advanced than others, an analysis through ANOVA models has been developed. We
have studied economic (income per family and municipalities’ public debt)
demographic (local population) criteria. The results show the variability of cities in
each group with different budgets, debt and population. None of these factors is key
when providing smart city services. Therefore, these factors do not explain why some
cities provide more innovative services. However, from the revision of the 183 public
information sources it is interesting to point that cities in groups 1 and 2 have strategic
plans on technology for the smart city which indicates that the local government’s
will seems to be a decisive factor.

It is also outstanding that close to the cities in the advanced group, there are
technological universities, innovation centers or big companies specialized in ICT for
the smart city. Once the politic decisions are taken, the technologic environment
around the city appears to be another key factor complementary to the local
government’s will.

6 Conclusions

The rise of smart cities is due to a conjunction of several factors, outstanding the
technological as a consequence of a fast development of hardware, software and
networks. Additionally, this technology has experimented a cost reduction and is now
available for most cities around the world. There are also important social and
economic factors between the causes of the rise of smart cities. First, citizens are
making an intensive use of IT as well as demanding new types of public services.
Regarding the economic factor, most western countries are heading an economic
crisis that is impelling governments to reduce budgets and increase efficiency. Within
this context, local authorities are unavoidably participating in the adoption of IT and
the opportunities it offers, as this administration level is responsible of providing a
great variety of services that affect directly to the quality of life of its citizens.

The literature review shows that the research has been focused in delimiting the
smart city concept as well as analyzing the technologies involved. Descriptions of
case studies or the simple technological approach are common. However, there is a
lack of research reaching deeper into the identification of the public services that
cities are now providing with innovative ICT.

In the current work, an exhaustive analysis of public information regarding
Spanish smart cities has been carried out. The aim was to identify what services they
are providing, how powerful and which factors make some of them more usual than
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others. As a result of the research, we have identified the services more often
provided by Spanish cities as well as described why they are more usual. We may
conclude that the public services more commonly implemented in the Spanish smart
cities are those that require lower investment, are less complex and produce cost
savings at short and medium term. In particular, smart grid, efficient public lighting,
efficient public buildings are the most usual, followed by smart traffic, smart parking,
bus services management and the irrigation systems in public gardens.

The few cases of ICT use in the provision of water and waste management
deserve to be highlighted. As these services are outsourced in contracts of within 4
and 10 years, the company provider could avoid the risk of not amortizing the
investment. In order to solve this problem, we advise cities to include in the bid of
specifications for tenders the obligatory nature of using innovative technologies
integrated in the smart city platform.

The identification of the services more often provided and the less common, as
well as what moves local authorities to do it, could also be a guide for IT companies.
It might help to identify the services with the highest potential, primarily in those
cities that plan to provide that service but they still have not do it, and which are the
authorities’ criteria to choose the services provided.

Starting from the identification of the services provided, a classification of cities
has been carried out. Considering the most positive vision (i.e. public services
provided and those planned to be provided by local governments) there are three
groups of cities depending of their use of innovative technologies for service
provision. First, an advanced group of 8 eight cities, including Madrid, Santander, A
Corufia, Pamplona, Malaga, Barcelona, Zaragoza y Valencia. A group of followers is
constituted by Sevilla, Las Palmas, Cordoba, Mallorca, Murcia, Logrofio, Vitoria,
Vigo, Oviedo, Bilbao, and Valladolid. Thereafter, a smaller group with the less active
cities (Toledo, Gijon, Badajoz, Santiago de Compostela, Alicante and Santa Cruz de
Tenerife).

This listing depending on services will be useful for local authorities in their
efforts to identify those best practices that deserve further study and the pioneers who
might help as advisors.

The groups composition and their features allow to conclude that different cities
behavior are not motivated by economic or demographic factors. Actually, the main
factor for the development of a smart city is the will of local authorities, followed by
the presence near the city of universities, technology centers or great companies that
work on IT for cities.

7 Limitations and Future Work

It is required to indicate as main limitations of this work that it is based on public
information sources and its timeframe. We have to take into account that the
fieldwork took held between June and November 2013, but the smart cities continue
advancing quickly, so data and results might change in the future.

Overcome the information and time limitations developing a public database with
the evolution of public services provided with innovative ICT in the Spanish smart
cities is one of the future work outlined. A comparative analysis between Spanish and



262 Perez-Gonzalez D., Diaz-Diaz R.: Public Services ...

international smart cities could also be interesting. Additionally, we plan to study the
variables that affect the development of smart cities.

Acknowledgements

We thank AIS GROUP for the data provided regarding the income per family in
Spanish cities.

References

[Aghemo et al., 2013] Aghemo, C., Virgone, J., Fracastoro, G. V., Pellegrino, a., Blaso, L.,
Savoyat, J., & Johannes, K. (2013). Management and monitoring of public buildings through
ICT based systems: Control rules for energy saving with lighting and HVAC services. Frontiers
of Architectural Research, 2(2), 147-161.

doi:10.1016/j.foar.2012.11.001

[Al-Hader et al., 09] Al-Hader, M., Rodzi, A., Sharif, A. R., & Ahmad, N. (2009). SOA of
Smart City Geospatial Management. In 2009 Third UKSim European Symposium on Computer
Modeling and Simulation (pp. 6—10). Athens: Ieee. doi:10.1109/EMS.2009.112

[AMETIC, 12] AMETIC. (2012). Informe Smart Cities de AMETIC. (AMETIC & Foro TIC
para la Sostenibilidad, Eds.) (p. 92). Madrid. Retrieved from
www.ametic.es/DescargarDocumento.aspx?idd=4966

[Arnott et al., 05] Arnott, R., Rave, T., & Schob, R. (2005). Alleviating Urban Traffic
Congestion. MIT Press, Cambridge, MA.

[Atzori et al., 10] Atzori, L., lera, A., & Morabito, G. (2010). The Internet of Things: A survey.
Computer Networks, 54(15), 2787-2805. doi:10.1016/j.comnet.2010.05.010

[Bakicr et al., 12] Bakici, T., Almirall, E., & Wareham, J. (2012). A Smart City Initiative: the
Case of Barcelona. Journal of the Knowledge Economy, 4(2), 135-148.
doi:10.1007/s13132-012-0084-9

[Baron et al., 12] Baron, G., Brinkman, J., & Wenzler, 1. (2012). Supporting sustainability
through smart infrastructures: the case for the city of Amsterdam. Network Industries
Quarterly, 13(3), 22-25. Retrieved from
http://inderscience.metapress.com/index/2276543U148309NU.pdf

[Batagan, 11] Batagan, L. (2011). Smart Cities and Sustainability Models. Revista de
Informatica Economicd, 15(3), 80-87. Retrieved from http://revistaie.ase.ro/content/59/07 -
Batagan.pdf

[Bitcarrier, 12] Bitcarrier. (2012). Smart traffic. Retrieved September 11, 2013, from
http://www.bitcarrier.com/citysolver

[Cabrero Mendoza, 97] Cabrero Mendoza, E. (1997). El modelo de la nueva gestion publica
frente a los municipios latinoamericanos: /funcionan las recetas? Management International,
1(2), 73. Retrieved from
http://www.managementinternational.ca/catalog/volumes/volume-1/volume-1-numero-

2.html? _ store=es_es&limit=5

[Calderoni et al., 14] Calderoni, L., Maio, D., & Rovis, S. (2014). Deploying a network of
smart cameras for traffic monitoring on a “city kernel.” Expert Systems with Applications, 41,
502-507. Retrieved from



Perez-Gonzalez D., Diaz-Diaz R.: Public Services ... 263

http://www.sciencedirect.com/science/article/pii/S0957417413005630

[Caragliu et al., 11] Caragliu, A., Del Bo, C., & Nijkamp, P. (2011). Smart Cities in Europe.
Journal of Urban Technology, 18(2), 65-82. doi:10.1080/10630732.2011.601117

[Cebrian et al., 12] Cebrian, I., Ingelmo, R., Martinez, F. J., Pastor, T., Plasencia, C., Serna, S.,
& Valero, L. (2012). Libro Blanco Smart Cities. (Enerlis; Ernst and Young; Ferrovial; Madrid
Network, Ed.) (p. 112). Madrid.

[Chourabi et al., 12] Chourabi, H., Nam, T., Walker, S., Gil-Garcia, J. R., Mellouli, S., Nahon,
K., Pardo, T. A., Scholl, H. J. (2012). Understanding Smart Cities: An Integrative Framework.
In 2012 45th Hawaii International Conference on System Sciences (pp. 2289-2297). leee.
doi:10.1109/HICSS.2012.615

[Debnath et al., 11] Debnath, A., Kumar, H., Mazharul, M., Chin, H. C., & Yuen, B. (2011).
Sustainable urban transport: Smart technology initiatives in Singapore. Transportation Research
Record, 2243, 38-45.

[Depuru et al., 11] Depuru, S. S. S. R., Wang, L., & Devabhaktuni, V. (2011). Smart meters for
power grid: Challenges, issues, advantages and status. Renewable and Sustainable Energy
Reviews, 15(6), 2736-2742. doi:10.1016/j.rser.2011.02.039

[Ding et al., 11] Ding, D., Cooper, R. ., Pasquina, P. F., & Fici-Pasquina, 1. (2011). Sensor
technology for smart homes. Maturitas, 69, 131-136.

[Dubois and Blomsterberg, 11] Dubois, M.-C., & Blomsterberg, A. (2011). Energy saving
potential and strategies for electric lighting in future North European, low energy office
buildings: A literature review. Energy and Buildings, 43(10), 2572-2582.
doi:10.1016/j.enbuild.2011.07.001

[Falvo et al., 11] Falvo, M. C., Lamedica, R., Bartoni, R., & Maranzano, G. (2011). Energy
management in metro-transit systems: An innovative proposal toward an integrated and
sustainable urban mobility system including plug-in electric vehicles. Electric Power Systems
Research, 81(12), 2127-2138. doi:10.1016/j.epsr.2011.08.004

[Farhangi, 10] Farhangi. (2010). The Path of the Smart Grid. Power and Energy Magazine,
IEEE, 8(1), 18-28.

[Fernandez and Nebot 13] Fernandez, O. F., & Nebot, C. P. (2013). Incidencia de las Reformas

Territoriales sobre la Calidad de Vida de los Ciudadanos: Analisis Comparado de las
Anunciadas Medidas de Reforma Local en Portugal y Espafia. Revista de Gestdo E
Secretariado, 04(01), 23-55. doi:10.7769/gesec.v4il.154

[Fraisse et al., 09] Fraisse, G., Virgone, J., & Yezou, R. (2009). A numerical comparison of
different methods for optimizing heating restart time in intermittently occupied buildings.
Applied Energy, 62(3), 125-140.

[Franklin et al., 13] Franklin, F., Nemtanu, F., & Teixeira, P. F. (2013). Rail infrastructure, ITS
and access charges. Research in Transportation Economics, 41(1), 31-42.
doi:10.1016/j.retrec.2012.10.004

[Froes Lima and Portillo Navas, 12] Froes Lima, C. A., & Portillo Navas, J. R. (2012). Smart
metering and systems to support a conscious use of water and electricity. Energy, 45(1), 528—
540. doi:10.1016/j.energy.2012.02.033

[Geng and Cassandras, 12] Geng, Y., & Cassandras, C. G. (2012). A new “Smart Parking”
System Infrastructure and Implementation. Procedia - Social and Behavioral Sciences, 54(may
1877), 1278-1287. doi:10.1016/j.sbspro.2012.09.842



264 Perez-Gonzalez D., Diaz-Diaz R.: Public Services ...

[Giffinger and Pichler-Milanovi¢, 07] Giffinger, R., & Pichler-Milanovi¢, N. (2007). Smart
Cities: Ranking of European Medium-Sized Cities. Retrieved from
http://scholar.google.com/scholar?hl=en&btnG=Search&q=intitle:Smart+cities+Ranking+of+E
uropean+medium-sized-+cities#0

[Gupta et al., 08] Gupta, B., Dasgupta, S., & Gupta, A. (2008). Adoption of ICT in a
government organization in a developing country: An empirical study. The Journal of Strategic
Information Systems, 17(2), 140—154. doi:10.1016/].jsis.2007.12.004

[Hall et al., 00] Hall, R. E., Bowerman, B., Braverman, J., Taylor, J., Todosow, H., & Von
Wimmersperg, U. (2000). The vision of a smart city. In 2nd International Life Extension
Technology Workshop (p. 7). Paris. Retrieved from
ftp://24.139.223.85/Public/Tesis_2011/Paper_Correction 4-15-09/smartycitypaperpdf.pdf

[Haque et al., 13] Haque, M. M., Chin, H. C., & Debnath, a. K. (2013). Sustainable, safe,
smart—three key elements of Singapore’s evolving transport policies. Transport Policy, 27,
20-31. doi:10.1016/j.tranpol.2012.11.017

[IDC, 12] IDC. (2012). Analisis de las Ciudades Inteligentes en Espafia 2012 - El Viaje a la
Ciudad Inteligente (p. 24). Madrid.

[Iglesias et al., 13] Iglesias, M. J. F., Alvarez-Sabucedo, L. M., Santos-Gago, J. M., & Anido-
Riféon, L. E. (2013). A Semantic P2P Platform for Sharing Documents in eGovernment
Domains. In Communications in Computer and Information Science (Vol. 278, pp. 509-514).
Retrieved from http://link.springer.com/chapter/10.1007/978-3-642-35879-1_63#page-1

[Hair et al., 07] Hair, J. F., Black, W. C., Babin, B. J., Anderson, R. E., & Tatham, R. L.
(2007). Analise multivariada de dados. Bookman. Retrieved from
http://books.google.es/books?hl=es&lr=&id=0FQs_zJI2GwC&oi=fnd&pg=PA7&dq=Hair,+J.+
F.,+Black,+W.+C.,+Babin,+B.+J.,+Anderson,+R.+E.,+%26+Tatham,+R.+L.+(2007). An%C3%
Allise+multivariadat+de+dados.+Bookman.&ots=KH GUkO8yr&sig=vPyMDiJ8Ed1iFMcJLw
kPVejMD_wi#v=onepage&q&f=false

[Kamal et al., 10] Kamal, M., Weerakkody, V., & Irani, Z. (2010). Attitudinal and Behavioural
Determinants Influencing Decision Makers When Adopting Integration Technologies in Local
Government. In 2010 43rd Hawaii International Conference on System Sciences (pp. 1-12).
Honolulu: Ieee. doi:10.1109/HICSS.2010.74

[Kan, 09] Kan, A. (2009). General characteristics of waste management: A review. Energy
Education Science and Technology Part A, 23, 55-69.

[Karnouskos et al., 12] Karnouskos, S., Da Silva, P. G., & Ilic, D. (2012). Energy services for
the smart grid city. 2012 6th IEEE International Conference on Digital Ecosystems and
Technologies (DEST), 1-6. doi:10.1109/DEST.2012.6227925

[Kehoe et al., 11] Kehoe, M., Cosgrove, M., De Gennaro, S., Harrison, C., Harthoorn, W.,
Hogan, J., Meegan, J., Nesbitt, P., Peters, C. (2011). Smarter cities series: a foundation for
understanding IBM smarter cities. IBM Journal of Research and Development (p. 13).
Retrieved from http://www.redbooks.ibm.com/redpapers/pdfs/redp4733.pdf

[Kostic and Djokic, 09] Kostic, M., & Djokic, L. (2009). Recommendations for energy efficient
and visually acceptable street lighting. Energy, 34(10), 1565-1572.
doi:10.1016/j.energy.2009.06.056

[Lan and Shih, 13] Lan, K.-C., & Shih, W.-Y. (2013). An intelligent driver location system for
smart parking. Expert Systems with Applications. doi:10.1016/j.eswa.2013.09.044



Perez-Gonzalez D., Diaz-Diaz R.: Public Services ... 265

[Lee et al.,, 13] Lee, J. H., Hancock, M. G., & Hu, M.-C. (2013). Towards an effective
framework for building smart cities: Lessons from Seoul and San Francisco. Technological
Forecasting and Social Change. doi:10.1016/j.techfore.2013.08.033

[Lohr, 13] Lohr, S. (2013, March 14). La tecnologia, al servicio de la nueva ciudad inteligente.
New York Times.

[Aghemo, 13] Macii, E., & Osello, A. (2011). No Title. The Politecnico Di Torino Case Study,
in G. Carrara, A. Fioravanti, A. Trento Connecting Brains Shaping the World. Collaborative
Design Spaces, Europia Production, Paris, 2011, Pp. 217-229 ISBN 979-1-090094-05-5, 217—
229.

[Martin Vallespin and Gianfelici, 11] Martin Vallespin, E., & Gianfelici, C. (2011). El
fendmeno de las sociedades municipales en Espafia: un andlisis de su evolucion y gobernanza.
Contabilidad Y Negocios, 6(11), 77-98.

[Martins Marques de Lima Rua, 12] Martins Marques de Lima Rua, O. M. (2012). Impactos del
liderazgo en la calidad de los servicios publicos municipales: estudio de caso de un
ayuntamiento portugués. Cuadernos de Gestion, 12(2), 131-147.

doi:10.5295/cdg.1102870om

[Murruni et al., 09] Murruni, L. G., Solanes, V., Debray, M., Kreiner, A. J., Davidson, J., &
Davidson, M. (2009). Concentrations and elemental composition of particulate matter in the
Buenos Aires underground system. Atmospheric Environment, 43, 4577-4583.

[Nam and Pardo, 11] Nam, T., & Pardo, T. a. (2011). Conceptualizing smart city with
dimensions of technology, people, and institutions. In Proceedings of the 12th Annual
International Digital Government Research Conference on Digital Government Innovation in
Challenging Times - dg.o ’11 (p. 282). New York, New York, USA: ACM Press.
doi:10.1145/2037556.2037602

[OECD, 05] OECD. (2005). e-Government for Better Government (p. 206). Paris: OECD
Publishing. doi:10.1787/9789264018341-en

[Ogra, 03] Ogra, A. (2003). Logistics Management and Spatial Planning for Solid Waste
Management System using Geographic Information System. In Map Asia Conference (pp. 1—
7.

[Pantoni and Branddo, 11] Pantoni, R., & Brandao, D. (2011). A confirmation-based geocast
routing algorithm for street lighting systems. Computers & Electrical Engineering, 37(6),
1147-1159. doi:10.1016/j.compeleceng.2011.06.004

[Pattaro and Tripi, 13] Pattaro, A. F., & Tripi, S. (2013). (Re) building a Smart City. The role of
local ICT-based services in emergency response and recovery. The case of earthquakes in
Emilia-Romagna region. In PSG I on INFORMATION AND COMMUNICATIONS
TECHNOLOGIES IN PUBLIC ADMINISTRATION (pp. 1-17). Edinburgh. Retrieved from
https://www.scss.tcd.ie/disciplines/information_systems/egpa/docs/2013/PattaroTripi.pdf

[Paulin, 13] Paulin, A. (2013). Towards Self-Service Government-A Study on the
Computability of Legal Eligibilities. J. UCS, 19(12), 1761-1791. Retrieved from
http://jucs.org/jucs_16_8/how_is_egovernment_progressing/jucs 16 08 1075 1088 stragier.p
df

[Pérez-Gonzalez, 14] Pérez-Gonzalez, D. (2014). Online annex paper: Sources used in the
research Public services provided with ICT in the smart city environment: The case of Spanish
cities. Retrieved from http://personales.unican.es/perezd/annex.htm



266 Perez-Gonzalez D., Diaz-Diaz R.: Public Services ...

[Pollitt, 10] Pollitt, C. (2010). Cuts and reforms — Public services as we move into a new era.
Society and Economy, 32(1), 17-31. doi:10.1556/SocEc.32.2010.1.3

[Reusel, 08] Reusel, K. V. (2008). A look ahead at energy-efficient electricity applications in a
modern world. In ECT conference. Bergen, Norway. Retrieved from www.ect2008.com

[De Rosario et al., 13] De Rosario, A. H., Martin, A., Pérez, M., & Martinez, A. (2013). Are the
Smart Cities the most democratic?: the Spanish Case. In EGPA Annual Conference. Edinburgh.
Retrieved from

https://www.scss.tcd.ie/disciplines/information_systems/egpa/docs/2013/HarodeRosarioetal.pdf

[Rovetta et al., 09] Rovetta, A., Xiumin, F., Vicentini, F., Minghua, Z., Giusti, A., & Qichang,
H. (2009). Early detection and evaluation of waste through sensorized containers for a
collection monitoring application. Waste Management (New York, N.Y.), 29(12), 2939-49.
doi:10.1016/j.wasman.2009.08.016

[Sabucedo and Anido-Rifén, 10] Sabucedo, L. A., & Anido-Rifén, L. E. (2010). Locating and
Crawling eGovernment Services A Light-weight Semantic Approach. Journal of Universal
Computer Science, 16(8), 1117-1137. Retrieved from

http://jucs.org/jucs_16_8/locating_and crawling_egovernment/jucs 16 08 1117 1137 sabuce
do.pdf

[Salvador et al., 11] Salvador, R., Bautista-Capetillo, C., & Playan, E. (2011). Irrigation
performance in private urban landscapes: A study case in Zaragoza (Spain). Landscape and
Urban Planning, 100(3), 302-311. doi:10.1016/j.landurbplan.2010.12.018

[Schaffers et al., 12] Schaffers, H., Komninos, N., & Pallot, M. (2012). Smart cities as
innovation ecosystems sustained by the future internet. In FIREBALL White Paper.

[Schuurman et al., 12] Schuurman, D., Baccarne, B., Marez, L. De, & Mechant, P. (2012).
Smart ideas for smart cities: investigating crowdsourcing for generating and selecting ideas for
ICT innovation in a city context. Journal of Theoretical and Applied Electronic Commerce
Research, 7(3), 49-62. doi:10.4067/S0718-18762012000300006

[Shihu, 11] Shihu, S. (2011). Multi-sensor Remote Sensing Technologies in Water System
Management. In 3rd International Conference of Environmental Science and Information
Application Technology.

[Stragier et al., 10] Stragier, J., Verdegem, P., & Verleye, G. (2010). How is e-Government
Progressing? A Data Driven Approach to E-government Monitoring. Journal of Universal
Computer Science, 16(8), 1075—1088. Retrieved from
http://jucs.org/jucs_16_8/how_is_egovernment_progressing/jucs 16 08 1075 1088 stragier.p
df

[Telefonica, 11] Telefonica, F. (2011). Smart Cities: un primer paso hacia la Internet de las
Cosas. Barcelona: Ariel. Retrieved from
http://smartcity-telefonica.com/page-flip/informe anual.pdf

[Teodorovic and Lucic, 06] Teodorovic, D., & Lucic, P. (2006). Intelligent parking systems.
European Journal of Operational Research, 175, 1666—1681.

[Vellidis et al., 08] Vellidis, G., Tucker, M., Perry, C., Kvien, C., & Bednarz, C. (2008). A real-
time wireless smart sensor array for scheduling irrigation. Computers and Electronics in
Agriculture, 61(1), 44-50. doi:10.1016/j.compag.2007.05.009

[Vicentini et al., 09] Vicentini, F., Giusti, a, Rovetta, a, Fan, X., He, Q., Zhu, M., & Liu, B.
(2009). Sensorized waste collection container for content estimation and collection
optimization. Waste Management (New York, N.Y.), 29(5), 1467-72.



Perez-Gonzalez D., Diaz-Diaz R.: Public Services ... 267

doi:10.1016/j.wasman.2008.10.017

[Walravens and Ballon, 13] Walravens, N., & Ballon, P. (2013). Platform Business Models for
Smart Cities: From Control and Value to Governance and Public Value. IEEE Communications
Magazine, 51(6), 72-79. doi:10.1109/MCOM.2013.6525598

[Zaman and Lehmann, 11] Zaman, A. U., & Lehmann, S. (2011). Urban growth and waste
management optimization towards “zero waste city.” City, Culture and Society, 2(4), 177-187.
doi:10.1016/j.ccs.2011.11.007



