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Dpto. Expresión Gráfica, Diseño y Proyectos. Universidad de Málaga (UMA), Escuela de Ingenierías Industriales, C/ Dr. Ortiz Ramos S/N. C.P. 29.071 Málaga SPAIN

A R T I C L E I N F O

A B S T R A C T

Keywords:
Smart city
Internet of things (IoT)
Smart mobility
Open data
Information and Communications Technology
(ICT)

The evolution of the Spanish cities towards their digital transformation, integration of the Internet of Things
(IoT), and improvement of social cohesion have been promoted by the government. However, this evolution has
not yet been evaluated, and this assessment is considerably relevant as more than 200 M€ has been spent from
the European Regional Development Fund (ERDF) through five calls divided into two national plans
(2014–2020). In this evaluation, the projects of 61 beneficiary local entities have been analysed. The lines of
action executed have been identified and compared, using standardised indicators, with the actions conducted in
the European metropolis that are smart city references. The actions planned in the last call (Smart Territories
National Plan) closely resemble the philosophy of the latest generation paradigm of smart cities (holistic
approach and specialisation in topics such as tourism or intelligent buildings) from the initial point where the
areas of technology, software, and governance were focused. This work offers a precise picture of the priorities
and lines of the progress of smart cities at each period of the last decade and helps technicians and investigators
evaluate executed projects and design new lines of development.

1. Introduction
In 1950, the percentage of the population that lived in cities was 30%
worldwide and 53% in Europe. Nowadays that percentage has increased
to 55.3% (worldwide), 74.5% (Europe), and 80.3% (Spain). By 2050,
these figures are expected to increase to 66% (worldwide), 83.7%
(Europe), and 88% (Spain) (ECE, 2019; Khan, Aslam, Aurangzeb,
Alhussein & Javaid, 2022; UN, 2015; 2018). In some countries such as
China, South Korea, Mexico, Brazil, and several African countries, a
drastic increase in the urban population is expected to occur over the
next 20 years Fig. 1. shows the world’s urban density and population
situation in 2010 and reflects the countries with the largest percentages
of these values (Vivas, 2014; WWF, 2012).
The urban population consumes 80% of overall energy and 75% of
global natural resources and is responsible for 75% of carbon emissions
(UNEP, 2013). However, cities offer numerous technological and
socio-economic benefits and have become centres of research and edu
cation (Albino, Berardi & Dangelico, 2015; König & Evans, 2013).

Notably, in the last 24 years, the annual number of publications on smart
cities has multiplied by 600 (Duygan, Fischer, Pärli & Ingold, 2021;
Mora, Bolici & Deakin, 2017).
Cities have a key role in fighting against climate change and devel
oping new intelligent technologies. These technologies, driven by suc
cessful political strategies, are considered a crucial factor in decreasing
greenhouse gas emissions and improving the energy efficiency of cities
(Allam & Dhunny, 2019; da Graça Carvalho, 2012). They need to be
integrated, and they should have an impact on environmental sustain
ability targets and citizens, improving social cohesion (Ahvenniemi,
Huovila, Pinto-Seppä & Airaksinen, 2017), life quality (Shapiro, 2006),
and the economy of cities (Rosenzweig, Solecki, Hammer & Mehrotra,
2011; Thite, 2011). Therefore, since the mid-1990s, the European Union
(EU) has developed different programmes and policies to transform
European cities into smart cities (Kylili & Fokaides, 2015). The Europe
2020 strategy (EU, 2010) advocates smart, sustainable, and inclusive
growth. Further, it proposes a digital agenda for Europe to accelerate the
deployment of high-speed internet and benefit from a single digital
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Fig. 1. Population [in millions of people] and urban density [%] in countries worldwide in 2010. Cities with more than 10 million inhabitants are displayed
(WWF, 2012).

market (Morganti & Donders, 2014; Shin & Shin, 2012). The first
financial commitment to developing smart cities began in the EU’s 7th
Framework Program (FP7) 2007–2013 and intended to contribute to
sustainability, improve service efficiency, and reduce the carbon foot
print in cities (Villarejo-Galende, 2015).
To achieve the objective of the Europe 2020 Strategy and enable the
industrial sector represent 20% of the Gross Domestic Product (GDP) in
2020, in Spain, ten lines of action and 97 specific measures have been
proposed by the document Digital Agenda for Spain (Agenda Digital para
España, ADpE). The ADpE was approved on 15 February 2013—it was
the Government’s strategy to develop the digital economy and society
during 2013–2015 (Del Chiappa & Baggio, 2015; Ministerio de Indus
tria, Energía y Turismo, 2013).
The Spanish Network of Smart Cities (Red Española de Ciudades
Inteligentes, RECI) was created in 2012 and included 81 cities. In 2014
and 2018, the Ministry of Industry, Energy and Tourism launched the
Smart Cities National Plan and the Smart Territories National Plan,
respectively, which were included in the ADpE. The first National Plan
was subdivided into three calls for projects: the first (Red.es, 2014, g)
and second (Red.es, 2015b) for smart cities and the third (Red.es,
2015d) for smart islands. Additionally, within the Smart Territories
National Plan, the Call of Smart Tourist Destinations (Red.es, 2017j) and
the Internal City Objects (ICO) announcement for projects have been
published (Red.es, 2019n).
This study aims to analyse the development of smart cities in Spain,
funded through various calls and national plans, identifying, classifying,
and comparing their main lines of action—both technical and social—in
the field of smart cities with those conducted in European reference
cities in this area Section 2. introduces the reader to the concept of a
smart city from different perspectives. First definitions, academic liter
ature, and international standards have been introduced and discussed.
Further, Section 3 details the methodology of the article. Subsequently,
Sections 4 and 5 analyse and compare the development of smart cities in
Europe and Spain, respectively. Afterwards, Section 6 details the two
most prominent cities as a result of the analysis presented in the previous
section. Finally, Section 7 concludes the study.

Table 1
Main keywords used in 166 definitions of a smart city. Source: UNE 178,201
(UNE, 2016c).
Keywords

Number of times that
appears

Percentage of appearance in the
definitions

Life quality
Technology
People
Government and
administration
Systems
Economy
Sustainability
ICT
Resources
Health, safety, and
protection

44
42
36
35

37.9%
36.2%
31.0%
30.2%

34
34
28
27
27
26

29.3%
29.3%
24.1%
23.3%
23.3%
22.4%

the topic has increased significantly (Desdemoustier, Crutzen, Cools &
Teller, 2019; Jucevicius, Patašienė & Patašius, 2014; Bibri & Krogstie,
2017). In 2016, Fernandez-Anez (2016) presented his research about the
smart city terminology, analysing 32 different definitions.
A study on smart city focuses mainly on a city’s technical and
environmental aspects. According to previous studies (Kitchin, 2014;
Lombardi et al., 2011; Su, Li & Fu, 2011), several smart city definitions
emphasise the use of modern technologies in everyday urban life,
resulting in innovative transport systems, infrastructures, logistics, and
green and efficient energy systems. Some other studies highlight the role
of human capital in developing smart cities with improved economic,
social, and environmental sustainability (Angelidou, 2017; Camero &
Alba, 2019; Nam & Pardo, 2011; Neirotti, De Marco, Cagliano, Mangano
& Scorrano, 2014). This holistic understanding suggests that smart cities
bring together technology, government, and society to enable a smart
economy and smart mobility, environment, people, living, and gover
nance (Bakıcı, Almirall & Wareham, 2013; Giffinger et al., 2007; Ruh
landt, 2018; Su et al., 2011).
The International Organization for Standardization (ISO) defines a
smart city as ‘A new concept and a new model, which applies the new
generation of ICT to facilitate the planning, construction, management
and smart services of cities’ (ISO, 2014).
The EU defines the concept of smart cities as the utilisation of
‘Scalable solutions that take advantage of Information and Communi
cations Technology (ICT) to increase efficiencies, reduce costs, and
enhance quality of life’ (UNEP, 2013). Moreover, the Spanish normative

2. The smart city concept
2.1. Definitions and their scopes
The smart city concept was introduced in 1990 (Al Sharif &
Pokharel, 2021); since 2010, after the appearance of the initial smart
city projects, the number of articles, regulations, and reports regarding
2
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Fig. 2. Comparison between smart and sustainable city indicators (Ahvenniemi et al., 2017).

implementation plan proposed by the ‘European Innovation Partnership
of Smart Cities and Communities’ (EIP-SCC) programme, published in
2013 (MASCHIO, 2016). This programme highlighted ICT actions con
ducted in cities that were already developing their projects, generally
led by telecommunications companies (Pérez-González & Díaz-Díaz,
2015; Telefónica, 2011). These areas and the development of specific
technologies for their transformation in an urban context (sensors, IoT,
Big Data, etc.) (Deakin & Waer, 2011) were also the starting point for
new technology models and small and medium enterprises (Allwinkle &
Cruickshank, 2011). An example of a city that has maintained this
strategy model is the city of Vienna, which has fixed objectives for 2020,
2030, and 2050 in its strategic city plans Roblek (2019).
The second generation presents a holistic approach. This is proved by
the ‘Mapping Smart Cities in the UE’ report presented by Manville et al.
(2014) in 2014. This report reflected that the reality of the projects of
European smart cities was more complex than that of previous versions.
In this second stage, one more classification was used, following Ginf
finger et al. (2007) or Castelnovo, Misuraca and Savoldelli (2016), who
classified the pillars of a smart city into governance, economy, envi
ronment, mobility, people, and habitat. Some cities succeeded in this
approach, and others did not (Anthopoulos, 2017; Monzon, 2015). The
old plan of the Barcelona smart city would be an example of applying
this holistic vision (Jensen, Cashmore & Späth, 2018; Zygiaris, 2013).
The third generation of smart cities comprises towns that had already
driven the previous projects and have updated their priorities to current
trends to regain leadership in urban technology projects (Batabyal &
Nijkamp, 2019). The cases of Vienna (Fernandez-Anez, Fernández-Güell
& Giffinger, 2018; Roblek, 2019), London (Pozdniakova, 2018; Zvolska,
Lehner, Palgan, Mont & Plepys, 2019), Amsterdam (Neuroni, Haller,
van Winden, Carabias-Hütter & Yildirim, 2019), Berlin (Zvolska et al.,
2019), and recently Seville, Malaga, or Valencia in Spain stand out (Red.
es, 2019n).

UNE 178,201 (UNE, 2016c) analysed 166 smart city definitions and
identified 50 keywords to create a definition according to the reference
literature. The list of the ten most relevant keywords is presented in
Table 1. This study concludes a definition of a smart city as ‘a fair and
equitable town centred on the citizen that continuously improves its
sustainability and resilience. It takes advantage of the knowledge and
resources available, especially the ICTs, to improve the quality of life,
the efficiency of urban services, innovation, and competitiveness
without compromising future needs in economic, social, and environ
mental governance aspects’. The International Telecommunications
Union (ITU) has chosen two Spanish recommendations based on the
UNE 178,104 (UNE, 2016b) to be included in the international standard
for the interoperability of smart cities’ service platforms (ITU, 2018b).
These recommendations are incorporated in ITU-T Y.4201 (Highlevel requirements and reference framework of the smart city platform)
(ITU, 2018c) and ITU-T Y.4200 (Requirements for the interoperability of
smart city platforms) (ITU, 2018a).
It is a widespread mistake to confuse a sustainable city with a smart
city. A city must be sustainable to be smart, but it can be sustainable
without being smart Ahvenniemi et al. (2017). have elaborated a
comparative study around these concepts that are different but simul
taneously complementary. Indicators for sustainability assessments in
cities have been provided by many researchers in the past decade
(Huovila, Bosch & Airaksinen, 2019; Shen, Jorge Ochoa, Shah & Zhang,
2011; Silva, Khan & Han, 2018; Wei, Huang, Li & Xie, 2016). Addi
tionally, several evaluation frameworks are accepted nowadays, such as
the United Nations Sustainable Development Goals (UN-SDG), which
comprises 232 indicators. Other examples include the ISO 37,120 and
the UNECE-ITU, which comprise 116 and 72 indicators, respectively
(Dall’O’, Bruni, Panza, Sarto & Khayatian, 2017; Shmelev & Shmeleva,
2019) Fig. 2. shows the main indicators used to define both concepts.
2.2. Evolution of smart cities

3. Methodology: research design

Three generations related to the development of smart cities have
been documented: (i) a stage that includes ICTs, mobility, and energy
activities; (ii) a stage with a holistic approach; a stage that incorporates
technological governance and social innovation (Fernández-Áñez &
Fernández-Güell, 2019; Ibrahim, El-Zaart & Adams, 2018).
In Europe, the first generation is associated with the strategic

The major studies on smart cities have been compiled to select three
references in Europe in terms of smart city strategy development and
success. Thereupon, the development strategy of European smart cities
is compared with that conducted in Spain, where three different phases
are evaluated: the first two within the Smart Cities National Plan and the
3
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Fig. 3. Ranking of smart cities in the world according to the IESE in 2019 (Ricart, Berrone, Duch & Carrasco-Farré, 2019).

last one within the Smart Territories National Plan. The stages corre
spond to the periods defined in public project calls: public tender,
execution, and verification of achievement of objectives (De la
Quadra-Salcedo & Fernández del Castillo, 2009). The first stage corre
sponds to the First Smart Cities call for projects that began in June 2014
(Red.es, 2014, g). These projects have already been executed, and,
currently, the study of the impact and degree of fulfilment of the ob
jectives is being conducted. The second stage corresponds to the Second
Smart Cities call for projects and the Smart Islands Call—currently, they
are in an execution period (BOE, 2018, 2019a, 2019b). Finally, the third
stage corresponds to the Smart Tourist Destination Call and the ICO call
for projects, which are currently in the bidding period (Red.es, 2015h,
2017j, 2019n).

Committee examined cities with at least 100,000 residents and found
that 240 of these (51%) had implemented or proposed smart city ini
tiatives. Further, notably, 90% of cities with over 500,000 inhabitants
have developed smart city projects. The countries with the largest
number of these cities are the United Kingdom (UK), Spain, and Italy
(Manville et al., 2014).
According to Manville et al. (2014), Amsterdam, Barcelona, Copen
hagen, Helsinki, Manchester, and Vienna are the six most successful
cities. However, Joss, Sengers, Schraven, Caprotti and Dayot (2019)
claim that the list of smart cities in Europe is headed by London, fol
lowed by Barcelona, Vienna, Amsterdam, and Paris.
Finally, a Cities in Motion Index is generated every year by the IESE
(led by Pascual Berrone and Joan Enric Ricart) (Ricart, Berrone, Duch &
Carrasco-Farré, 2018, 2019, 2020). In 2019, Europe dominated the
top-ranking positions of this index, with Amsterdam (3), Paris (4),
Reykjavik (5), Copenhagen (8), Berlin (9), and Vienna (10), which
accompany London (1) in the top 10 that has occupied this privileged

4. Smart cities in Europe
The

European

Parliament’s

Industry

Research

and

Energy

Fig. 4. Evaluation of indicators in three representative smart cities in Europe: London, Amsterdam, and Vienna (a) 2019 (b) 2020. Sources: IESE 2019
(Ricart et al., 2019) & IESE 2020 (Ricart, Berrone, Duch & Carrasco-Farré, 2020).
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The Government of London has installed more than 600 cameras in
21 km2 and 174 access points and exits to the city and defined a pro
gramme of fines creating restricted traffic zones. Thus, a 53% decrease
in traffic was achieved over 14 years in central London, together with
the increase of alternative transport up to 203%. In ten years, the 1.2
billion £ of net income accumulated by collecting fines was invested in
developing a bus network and improving bridges and other urban
infrastructure (Advertorial, 2019).
Several actions will be conducted under the commitment to open
data in the upcoming years. amongst them, the following can be found:
creating value for the city and businesses; city sensorisation to handle
real-time traffic or air quality information; a detailed plan to attract
technical talent and support the digital formation of its population
(López, 2019).

position in 2020. This top group is completed with two Asian cit
ies—Tokyo (6) and Singapore (7)—and a city from North Amer
ica—New York (2). Furthermore, if we increase the scope to the top 50,
the dominance of Europe is still evident as more than half of the cities
(28) are European. North America with 13, Asia with 5, and Oceania
with 4 complete this classification (see Fig. 3).
In this review, ten smart city axes are considered: governance, urban
planning, public management, technology, the environment, interna
tional outreach, social cohesion, mobility and transport, human capital,
and economy. The results obtained are broadly in line with other in
ternational surveys (Business Chief, 2019; Cohen & Cohen, 2012; For
bes, 2016; Innovotics, 2019) and specific European smart cities’
rankings. This last item includes the European Green Capital Award
(Akande, Cabral, Gomes & Casteleyn, 2019), the European Green City
Index (Siemens, 2017), the European Green Leaf Award (EU, 2019), the
European Soot-free City Ranking (Reh, Fellermann & Duprez, 2013),
and the Europe Quality of Life Index Numbeo (2016).
The international leadership of London, Amsterdam, and Vienna in
smart cities is evidenced by reviewing the literature reporting the smart
city rankings and the prizes they have been awarded for their develop
ment strategies. We analyse these three examples of successful smart city
programme development that achieve different results in nine of the
previous axes established as an evaluation reference (see Fig. 4).

4.2. Amsterdam
Amsterdam is universally recognised as the first smart city globally
because articles related to the Amsterdam Digital City have been pub
lished since 1994 (Angelidou, 2014; Dameri, 2014; Dameri & Cocchia,
2013). Its success results from an approach closely linked to strategic
urban planning development principles (Mora & Bolici, 2017). Never
theless, the city’s development has overcome several stages, starting
from the digital city strategy. First, the Digital City concept was born
when ICTs were used to help Amsterdam citizens face political elections.
Second, the city pioneered a strategy to face pollution and energy con
sumption in urban areas. Finally, the city presents itself as an urban
living lab that allows businesses to test and demonstrate innovative
products and services. Such characteristics allow creating an infra
structure for knowledge exchange and learning between companies and
citizens. Thus, this strategy has resulted in particular projects focusing
on sustainable energy, innovative health solutions, better urban
mobility, and more resident participation (Meijer & Bolívar, 2016).
Amsterdam has the continuous contribution of technicians, designers,
engineers, and scientists through the Smart Citizen’s Lab platform to
develop kits that measure temperature, humidity, light, sound, carbon
monoxide, and nitrogen dioxide emissions. Additionally, citizens were
trained to interpret and upload data to the platform (Advertorial, 2019).
The Amsterdam Smart City (ASC) project integrates public admin
istrations, research institutions, companies, and citizens into a single
association whose objective is to develop the metropolitan area of
Amsterdam (Communi & Facili, 2015; Wu, 2018). The ASC Platform was
initiated by the Economic Council of Amsterdam, the City of Amster
dam, the gas and electricity company Liander, and the fixed and mobile
telephone operator KPN. The platform has expanded with more than 70
partners involved in different projects related to energy and connectivity
(ESMARTCITY, 2014; Mora, Deakin & Reid, 2019). In addition to the
platform, the project included the following:

4.1. London
Despite the uncertainty surrounding Brexit, the capital of the UK
stands as the smartest city in the world according to both the 2019 and
2020 IESE Cities in Motion Index (Ricart et al., 2019, 2020). Such
consideration is due to its huge international projection, human capital,
integrated and efficient transport system, technological development,
and economic robustness. Its major strength is, above all, the techno
logical innovation being integrated into the city. Further, it stands out at
the mobility level with an integrated subway/underground structure,
train and bus transport system, and a futuristic network connecting to its
main airport, the Heathrow pods (Hopkins & Schwanen, 2018; Phenix,
2014; Potter, Valdez, Cook & Langendahl, 2015). However, there is
significant deterioration in its social and environmental cohesion.
The British Standards Institution (BSI) issued the smart city stan
dards in 2014, which was the first worldwide list of specifications to
generate operational models of smart cities. As part of its smart city
strategy, the UK government commissioned this standard comprising a
suite of six initial complementary documents considering each of the
different areas of development (Joss, Cook, & Dayot, 2017).
The British capital is the world leader in open data policy. Its smart
city initiative was started with creating an extensive open database—the
London Datastore—in 2010. It was fully embedded with the inception of
the Smart London Board in 2013 (Board, 2013). This is considered the
first open data platform that provided access to public information for its
use in innovative application development (Coleman & Goldstein, 2013;
Olleros & Zhegu, 2016). Today, it is used for more than 50,000 in
dividuals, companies, researchers, and developers every month (Ben
Letaifa, 2015). The strategic smart city plan included several initiatives
for citizen engagement, data, and innovation enhancement. This has
been complemented by several laboratories, research institutes, and
start-ups—London hosts more programmers than almost any other city
in the world (smartcity.Press, 2017; Wright et al., 2017; Wright, Siegel &
Mustar, 2017), (Cuvero, Granados, Pilkington & Evans, 2019). These
institutes and start-ups are developing free Wi-Fi and smart mobility
programmes (Anthopoulos, 2017; Vitunskaite, He, Brandstetter & Jan
icke, 2019), intelligent road and traffic management, cycle renting
systems (Silva et al., 2018), etc. Specifically, projects like the London
Environment Strategy (LES) have become an efficient mechanism to
mitigate the most severe effects of climate change. Hence, it can be
considered one of the most ambitious smart city projects worldwide
(Contreras & Platania, 2019).

• Urban living labs and open data policy were implemented, following
the British model.
• Living: As residential homes contribute to approximately one-third
of the total CO2 emissions in the city, ASC addresses this area by
applying intelligence and energy-saving technologies in neighbour
hoods such as Geuzenveld or Ijburg (ESMARTCITY, 2014; Wu,
2018).
• ITC infrastructure: Amsterdam Free Wi-Fi project and fibre optic
deployment are being conducted in neighbourhoods such as Ijburg,
Osdorp, Oostelijk Haven, Indische, and Oosterpark (ESMARTCITY,
2014; Mediafeed, 2016).
• Working: Certain projects focused on sustainable real estate, com
panies’ work processes, and awareness in smarter working modes.
For instance, flexible work schedules were used to avoid wasting
time in traffic jams (CONSTRUIBLE, 2008; McLaren & Agyeman,
2015; Michelet, 2012).
5
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Table 2
Local entities benefiting from the 2014–2018 SCNP, divided into the FCSC,
SCSC, and CSI funding programmes.

Table 3
Local entities benefiting from the 2018–2022 STNP, divided into the CDDT and
CSB funding programmes.

Smart Cities National Plan (2014–2018)
First Convocation of Smart Cities (FCSC)
Alcala la Real City Council
Lepe City Council
Sevilla City Council
Martos City Council
Huelva City Council
Granada City Council
Malaga Provincial Council
Valdepeñas City Council
Toledo City Council
Villanueva de la Serena City Council
Commonwealth of Almendralejo-Badajoz
Second Convocation of Smart Cities (SCSC)
Alicante City Council
Gijon City Council
Commonwealth of A Coruña
Madrid, Stgo Compostela and Zaragoza
Santander City Council
Las Palmas City Council
Lugo City Council
Valencia City Council
Palencia City Council
Caceres City Council
Valladolid City Council
Murcia City Council
Ponferrada City Council
Segovia City Council
Córdoba Provincial Council
Convocation of Smart Islands (CSI)
Mallorca Island Council
Fuerteventura Island Council
El Hierro Island Council

Smart Territories National Plan (2018–2022)
Convocation of Smart Tourist Destinations (CSTD)
390,014.66 €
200,000.00 €
965,626.52 €
999,977.93 €
603,405.00 €
599,029.14 €
5785,930.81 €
800,000.00 €
999,333.57 €
450,846.00 €
1999,838.27 €

Níjar City Council
Huesca Provincial Council
Granada Provincial Council
Almuñécar City Council
Plasencia City Council
Adeje City Council
San Bartolomé Tirajana City Council
Salou City Council
Lloret de Mar City Council
Conil de la Frontera City Council
Puerto de la Cruz City Council
Ibiza Island Council
Arona City Council
Alicante Provincial Council
Badajoz Provincial Council
Benidorm City Council
Cádiz Provincial Council
Roquetas de Mar City Council
Calviá City Council
Commonwealth of Do Salnes
Pontevedra Provincial Council
Ourense Provincial Council
Ourense City Council
Valencia Provincial Council
Bilbao City Council
Convocation of Smart Buildings (CSB)
Sevilla City Council
Malaga City Council
L´Hospitalet de Llobregat City Council
Terrassa City Council
Mostoles City Council
Valencia City Council
A Coruña City Council
Vigo City Council

2942,110.59 €
7386,188.00 €
2090,461.80 €
6675,000.61 €
7974,360.82 €
4112,801.00 €
5998,733.46 €
1850,127.51 €
3782,805.29 €
3614,395.90 €
7999,018.82 €
1570,045.55 €
2210,670.00 €
4847,608.63 €
8876,245.00 €
6556,533.00 €
3852,670.00 €

• Mobility: Mobility by bicycle was prioritised, suppressing 25,000
parking spaces. Nowadays, 25% of all resident trips are made by
bicycle (Álvarez, 2019).

320,388.70 €
497,058.00 €
2877,214.77 €
64,130.00 €
619,036.00 €
5999,474.55 €
5754,136.00 €
2941,500.00 €
3242,732.00 €
1156,021.28 €
893,186.30 €
5990,601.54 €
5672,939.80 €
2982,045.00 €
2982,045.00 €
4023,058.74 €
1975,206.00 €
1357,330.00 €
4070,749.42 €
1489,996.42 €
1900,000.00 €
2989,022.34 €
2908,410.93 €
5690,578.00 €
5917,154.89 €
4999,974.10
4961,000.00
2488,326.92
2500,000.00
2117,812.66
5000,000.00
4998,836.02
4999,999.98

€
€
€
€
€
€
€
€

European city, has taken the lead (BBC, 2016; El Huffington Post, 2019;
Velert, 2018).
The largest number of projects of the Vienna Smart City addresses the
environmental dimension. According to Fernandez-Anez et al. (2018),
the governance, human capital, and social cohesion dimensions occupy
the second, third, and fourth positions, respectively, in terms of the
number of projects.
As in the previous cases, the city of Vienna also has numerous
awards: recognition for one of the six most successful smart cities in
Europe by the European Parliament (2014) (Manville et al., 2014); the
World Smart Cities Award (2016); leader of the smart city Strategy in
2017 (Zelt, Ibel & Tuncer, 2017).

The city of Amsterdam has a long history of awards and recognitions
as a European smart city reference. This list includes the following: Top
Ten World’s Smart Cities in the Forbes index of 2009 (Forbes, 2009);
Benchmark of Excellence and European City Star Award by the European
Commission (EC) (2009 and 2011) (ISSUU, 2011); World Smart Cities
Awards in 2012 and finalist in 2015 (SCEWC, 2012); recognition for one
of the six most successful smart cities in Europe by the European
Parliament in 2014 (Manville et al., 2014) and one of the top five cities
in the world in policymaking for smart city development, urban inno
vation, and entrepreneurship (Gibson, Robinson & Cain, 2015).
4.3. Vienna

5. Smart cities in spain: a case study

Evidence about the smart city of Vienna was first reported by
Madreiter and Haunold (2012), who described its context and the
launching process in 2011. Further, Anthopoulos (2017) ranked Vienna
first amongst 100 cities according to a combination of indexes
measuring local innovation, ICT, and quality of life. The initial project
mainly focused on energy efficiency. Nowadays, a strategy for 2050
includes several initiatives that vary from a new district development to
climate change adaptation, sustainable living, education, and research
Anthopoulos (2017). The ‘Smart City Wien Framework Strategy’ has
three aspects ‘Quality of living’, ‘Resources’, and ‘Innovation’. These
aspects structure specific topics and goals associated with them (Fer
nandez-Anez et al., 2018).
Recently, Vienna has managed to dethrone Melbourne for the first
time in the Global Habitability Index, reported by the Intelligence Unit
of The Economist magazine every year. Both cities have competed for
seven years for the first place, and since 2018, Vienna, together with a

This section describes the Smart Cities National Plan (SCNP) (Red.es,
2015h) and the Smart Territories National Plan (STNP) (Jiménez, 2019).
The SCNP was launched in 2014 and included the First Convocation of
Smart Cities (FCSC) (Red.es, 2014h), the Second Convocation of Smart
Cities (SCSC) (Red.es, 2015c), and the Convocation of Smart Islands
(CSI) (Red.es, 2015e). Moreover, the STNP was launched in 2018 and
was composed by the Convocation of Smart Tourist Destinations (CSTD)
(Red.es, 2019h) and the Convocation of ICO, which is also known as the
Convocation of Smart Buildings (CSB) (Red.es, 2019n). In Tables 2 and
3, all the municipalities that have been beneficiaries of both national
plans (61 initiatives) are represented together with the budget allocated
to each project. Meanwhile, in Fig. 5, these projects are georeferenced.
Notably, the area of each point represents an approach to the budget of
each initiative.
The methodology used to generate the projects aimed to discretise
the actions by components, where each of them is defined as a
6
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Fig. 5. Location of all the cities in Spain included in the National Plan and Smart Territories National Plan indicating their funding programmes.

quantifiable action representing a fraction of the project. A total of 41
components are identified in the 61 projects, and they are analysed and
classified in 10 areas, as shown in Table 4. The following subsections
detail each of the calls generated by both national plans, mentioning the
beneficiary local entities and their lines of action or predominant
components.
Other funding lines are not specific but include actions in smart
cities. One of them is the Strategy for Sustainable and Integrated Urban
Development (EDUSI), which manages ERDF funds with a total amount
of more than 1000 M€ (EDUSI, 2019; La Vanguardia, 2016). This is why
major cities like Barcelona or Madrid, with other financing sources
(public and private), are not included in this study (Fernández-Áñez,
Fernández-Guell, Giffinger & Polleti, 2018). Barcelona, for example, has
planned to allocate 90 M€ between 2015 and 2025 with its resources to
boost investment linked to economic growth, innovation and urban
public services of smart cities (La Vanguardia, 2015).

Table 4
Components and areas of smart city included in the SCNP and the STNP.
Smart City Areas

Components

Social cohesion

Control centres (emergencies, control)
Accessibility
Smart SOS points
Chatbots
Opinion polls
Consultancy
Open data portal
Content management system
Smart city platform
Mobility flows (operator data and others)
Big data
People counting system
Video monitoring
Fire detection systems
Geographic information system (GIS)
Tourist/city card and smart bracelets
Digital contents
Virtual and augmented reality
Tourist planner
App
Web portal
Electric bikes/vehicle charging station
Smart taxi/bus
Smart parking
Traffic management
Network management system
Wireless networks
Hardware equipment (CPD, office, etc.)
Totems/information panels
Tourist office digitisation
Beacons
Climate/environmental sensors
Smart buoys
Energy efficiency in buildings
Smart waste management
Smart watering
Smart lighting
Hackathons/conferences
Customer relationship management (CRM)
Citizen participation
Innovation centres

Governance
Smart city platform
Urban planning

International outreach

Software
(Apps and webs)
Mobility

Technology

Environment

Human capital

5.1. Smart cities national plan funding programmes
5.1.1. First convocation of smart cities
The FCSC had a budget of 15 M€. It was focused on town halls or
groupings of town halls with more than 20,000 inhabitants belonging to
the autonomous communities of Andalusia, Castilla La Mancha, and
Extremadura (Red.es, 2015a). The beneficiary local entities were Alcala
la Real (Red.es, 2014b), Lepe (Red.es, 2014e), Sevilla (Red.es, 2014i),
Martos (Red.es, 2014f, 2016c), Huelva (Red.es, 2014d), Granada (Red.
es, 2014c, 2015f), Malaga (Red.es, 2014j; 2015 g), Valdepeñas (Red.es,
2014k), Toledo (Red.es, 2014l, 2017c), Villanueva de la Serena (Red.es,
2014m), and Almendralejo-Badajoz (Red.es, 2014a). The list of local
beneficiary entities has been sorted by location according to the list of
beneficiaries (BOE, 2015, 2016).
The projects awarded within this first call have already been
completed. The evaluation of the implemented solutions is currently
being conducted by Red.es—a public company of the Ministry of
Economy and Digital Transformation that depends on the Secretary of
State for Digitalization and Artificial Intelligence.
The actions of each project are summarised in Figs. 6 and 7, which
show how the predominant components correspond to the generation of
mobile applications (82%), followed by the smart city platform, web
7
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Fig. 6. Components defined in the initiatives presented in the FCSC.

Fig. 7. List of actions presented in the FCSC summarised according to the principal areas in the smart city axes.

portal, and information panels (each of them with a presence of 55%)
Fig. 8. shows examples of these components of finished projects.
According to the literature mentioned in previous sections (Shen
et al., 2011; Shmelev & Shmeleva, 2019), except initiatives such as Costa
del Sol (Malaga), it is verified how the actions are framed within the first
stage of smart cities, focusing developments mainly in areas of tech
nology, software solutions, and governance. This is illustrated in Fig. 6,
which represents the components list summarised according to the

principal areas in the smart city definition.
5.1.2. Second convocation of smart cities
The SCSC, currently in execution, was launched in July 2015 and had
a total initial budget of 48 M€, which was finally extended to 63 M€
(Red.es, 2016a). A total of 108 projects were submitted to the call, worth
261 M€. After the resolution, 14 projects were granted in the localities of
the City Councils of Alicante (Red.es, 2017a, 2018a), Gijon (Red.es,
8
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Fig. 8. APPs and webs implemented in the City Councils of (a) Valdepeñas (Red.es, 2014k), (b) Lepe (Red.es, 2014e), (c) Huelva (Red.es, 2014d), and (d)
Alcala la Real (Red.es, 2014b).

Fig. 9. Components defined in the initiatives presented in the SCSC compared with those belonging to the FCSC.

2017e), Santander (Red.es, 2017m; 2018j), Las Palmas (Red.es, 2016f,
2017b), Lugo (Red.es, 2018d), Valencia (Red.es, 2017f; 2018c), Palen
cia (Red.es, 2018b, 2018l), Caceres (Red.es, 2016b, 2017n), Valladolid
(Red.es, 2017l, 2018i), Murcia (Red.es, 2017 g; 2018e), Ponferrada
(Red.es, 2016 g, 2018h), Segovia (Red.es, 2016h, 2018k), Provincial
Council of Córdoba (Red.es, 2017h, 2018f), and the Commonwealth of
La Coruña, Madrid, Santiago de Compostela, and Zaragoza (Red.es,
2017i; 2018 g).
The actions proposed in each project are summarised in Fig. 9. They
are driven by a larger budget allocated to each initiative (4.5 M€ on
average per project compared to 1.25 M€); a slight evolution compared
to the first call can be visualised. Furthermore, it has highlighted a
greater commitment in lighting actions, waste management, open data
or energy efficiency in buildings, and what would correspond to actions
in an environment and urban planning areas according to the grouping
defined in previous lines (see Fig. 10).
Although there is a slight increase in actions that improve human
capital, social cohesion, or the environment, the components are mostly
urban planning (GIS, mobility flows, video monitoring, etc.), technology
(sensors, hardware, Wi-Fi, etc.), and software solutions. Thus, it is not

considered that in this second call for projects, the set of initiatives had
not evolved sufficiently to classify them within the second-generation
paradigm of smart cities.
5.1.3. Convocation of smart islands
The CSI, also in the execution period, was launched in July 2015 and
was directed to the Autonomous Communities of the Canary Islands and
the Balearic Islands. The call had a budget of 30 M€ fully funded by Red.
es, and the maximum budget per initiative was 10 M€ (Red.es, 2016e).
The initiatives could act on different areas of the infrastructures and
services of the island if all those areas were integrated into the Smart
Islands strategy and attend to improving the public services of the ter
ritory using ICTs. The beneficiary islands were Mallorca (Red.es, 2016i,
2018n), Fuerteventura (Red.es, 2017d, 2019w), and El Hierro (Red.es,
2016d, 2019v).
Figs. 11 and 12 show that this call represents a significant step for
ward compared to the previous ones. This is because it involves a
commitment to the environment, social cohesion, technology, and smart
island platforms. As the call for projects was launched on the same date
as the SCSC, the initiatives involved are more ambitious. The
9
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Fig. 10. List of actions presented in the SCSC summarised according to the principal areas in the smart city axes compared with those found in the FCSC.

Fig. 11. Components defined in the initiatives of the Convocation of SI compared with those found in the FCSC and the SCSC.
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Fig. 12. List of actions presented in the convocation of SI summarised according to the principal areas in the smart city axes compared with those found in the FCSC
and the SCSC.

Fig. 13. Components defined in the initiatives of the CSTD and comparison with all the previous programmes.

explanation lies in the funding availability, representing the call with
the highest budget per initiative nowadays. Consequently, the actions
conducted classify the CSI within the second generation of smart cities
according to the reference literature (Anthopoulos, 2017; Monzon,
2015; Zygiaris, 2013).

previous subsections and include the CSTI and the CSBC, which are
currently in the bidding period (Red.es, 2017j, 2018m).
Actions focus on six areas: internal city objects (buildings, stations,
ports, and airports), 5 G, virtual interoperability laboratory, smart rural
areas, smart tourism, and public services 4.0 on city platforms
(ESMARTCITY, 2018a). Additionally, they promote the impulse of
normalisation (UNE 178) (Marcos Paramio, 2017; UNE, 2016a), inter
national actions, governance of the National Plan, communication, and
training for public workers.

5.2. Smart territories national plan funding programmes
The STNP represents an extension of the SCNP described in the
11
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Fig. 14. List of actions presented in the CSTD summarised according to the principal areas in the smart city axes and comparison with all the previous programmes.

Fig. 15. Components defined in the initiatives of the CSB and comparison with all the previous programmes.
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Fig. 16. List of actions presented in the CSB summarised according to the principal areas in the smart city axes and comparison with all the previous programmes.

Fig. 17. Comparison between the indicators related to the axes defined for the smart city definition and evaluation found in the CSB projects and the
European reference smart cities results: London, Amsterdam, and Vienna (Ricart et al., 2019).
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Fig. 18. Comparison between the indicators related to the axes defined for the smart city definition to analyse the evolution of the territory through the ‘Impulso
VLCi’, ‘Connecta Valencia’, and ‘Connecta VLCi’ initiatives.

5.2.1. Smart tourist destinations
The CSTD is currently in the bidding period and comprises 25 pro
jects in 9 autonomous communities. It has a budget of 73.97 M€. Of
these, Red.es contributes a total of 45.78 M€ (61.88%), with the cofinancing of the ERDF through the Multiregional Operational Program
of Spain (POPE) (SEPG, 2014). Local entities will be responsible for their
part (20–40% of the total estimated cost for each initiative) (Red.es,
2017k).
According to Red.es (2017k), the requirements were as follows: have
more than 20,000 inhabitants registered; have been included at least
once in the last ten years in the Survey of Hotel Occupation of the Na
tional Statistics Institute (INE); have not been a beneficiary of the pre
vious calls for the Smart Cities and Islands funding programmes (Red.es,
2017k). The beneficiary locations were the City Councils of Almuñécar
(Red.es, 2019r), Conil (Red.es, 2019f), Níjar (Red.es, 2019m), Roquetas
de Mar (Red.es, 2019s), Adeje (Red.es, 2019a), Arona (Red.es, 2019b),
Puerto de la Cruz (Red.es, 2019q), Maspalomas (Red.es, 2019l), Lloret
de Mar (Red.es, 2019k), Salou (Red.es, 2019t), Benidorm (Red.es,
2019c), Plasencia (Red.es, 2019z), Ourense (Red.es, 2019o), Calviá
(Red.es, 2019e), and Bilbao (Red.es, 2019d), Provincial Councils of
Cádiz (Red.es, 2019x), Granada (Red.es, 2019ab), Huesca (Res.es,
2019), Alicante (Red.es, 2019y), Valencia (Red.es, 2019 g), Badajoz
(Red.es, 2019p), Ourense (Red.es, 2019i), and Pontevedra (Red.es,
2019aa), Commonwealth of Do Salnes (Red.es, 2019u), and Ibiza Island
Council (Red.es, 2019j).
As the name of the call of projects indicates, it differs from all the
previous ones by having a greater tourist focus. This approach can be
seen in Figs. 13 and 14, where it is verified how the international
outreach represents the largest increase.
Another relevant detail is that many of the cities that are the object of
this call have already developed projects within the scope of smart cities.
This means that several of the initiatives did not start from scratch. An
example is the city of Valencia, which evolved from an early techno
logical situation that included a smart city platform (Valencia City

Council, 2017), public Wi-Fi, etc.
According to the projected actions and the starting technological
developments already existing in several municipalities, the group of
initiatives that make up this fourth call cannot be framed together
within the third generation of smart cities, in which most of them have
conducted smart city projects. Hence, only the initiatives of the localities
of Valencia (Red.es, 2019 g), Adeje (Red.es, 2019a), Ibiza (Red.es,
2019j), and Bilbao (Red.es, 2019d) can be considered within the group
of the third generation of intelligent cities.
5.2.2. Convocation of smart buildings
The Convocation of ICO (Intelligent Buildings) has a maximum
budget of 30 M€ per project (up to 19.50 M€ will be provided by Red.es
and the rest by the beneficiary municipalities), co-financed by the ERDF
through the POPE. This initiative focuses on developing actions to treat
buildings as internal objects integrated into the smart city. The
maximum budget of each pilot is 5 M€, of which Red.es will contribute
50–80%, depending on the autonomous community. The beneficiary
municipality will provide the rest (20–50%) (Red.es, 2019n).
Municipalities with more than 200,000 inhabitants from five
autonomous communities could opt for this financing: Andalusia, Cat
alonia, Valencian Community, Galicia, and Madrid. This represents 17
Spanish cities; from these, eight have been selected: Malaga, Seville,
Hospitalet of Llobregat, Tarrasa, Valencia, A Coruña, Vigo, and Mostoles
(Red.es, 2020). The final list was published in the Red.es Contractor
Profile on 13 December 2018 (Red.es, 2018m). Airports, rail and bus
stations, ports, public buildings (museums, municipal offices, sports
centres, schools, markets, amongst others), and historical or residential
buildings are internal city objects.
Unlike the previous call, in the CSB, one of the requirements to
participate was to have an intelligent city platform. This allows pre
dicting without going into detail on each of the projects already con
ducted in the field of mobility, environment, governance, etc.
Excluding software solutions and international outreach (actions
14
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Fig. 19. IESE Cities in Motion Index evaluation for the Valencia City Council in 2018, 2019, and 2020.

Fig. 20. Comparison between the indicators related to the axes defined for the smart city definition to analyse the territory’s evolution through the ‘Smart Costa del
Sol’ and ‘CentESyMal’ initiatives.

already conducted in previous projects), Figs. 15 and 16 show a greater
presence in all the areas defining a smart city. A strong commitment to
human capital and social cohesion can be highlighted, which are
prominent areas in cities like London (see Fig. 4).
Therefore, based on what has been described in previous lines, the
set of cities that made up the call for smart buildings could be a frame
within the third generation of smart cities.
Finally, notably, the consolidated smart city pays interest to aspects
such as social cohesion, human capital, or mobility. This coincides with
the latest actions conducted in the top 10 smartest cities in the world

ranking Fig. 17. shows the trend of the last call (the CSB) with the Eu
ropean cities used as references.
6. Case study projects
6.1. Valencia
After analysing the 61 initiatives that have been beneficiaries of both
national plans, the province of Valencia has significant leadership
within the country. In particular, with the projects ‘Impulso VLCi’

Fig. 21. IESE Cities in Motion Index evaluation for the Malaga City Council in 2018, 2019, and 2020.
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(Valencia City Council, SCSC) (Red.es, 2017f; 2018c), ‘Connecta
Valencia’ (Valencia Provincial Council, DTI) (Red.es, 2019 g), and
‘Connecta VLCi’ (Valencia City Council, SBC) (Red.es, 2020), the prov
ince was granted with 6.00 M€, 5.69 M€, and 5.00 M€, respectively,
adding up to almost 17 M€.
The VLCi platform, created within the ‘Impulso VLCi’ initiative, was
the first smart city platform deployed in Spain to meet the European
FIWARE standard (ESMARTCITY, 2018b; 2018c). Since 2015, there has
been a city dashboard with more than 550 city indicators and the
different municipal services progressively integrated into the VLCi
platform. Moreover, studies were conducted with Big Data tools. These
analysed the mobility within the city of Valencia, with application in
traffic management and the Municipal Transport Company, as well as
from the perspective of tourism, to understand better visitors’ patterns
and mobility flow. Additionally, during this period, Valencia was
certified in the ISO 37,120 standard of sustainable cities with the highest
score (platinum) (ECE, 2019) and participated considerably actively in
several forums (i.e. in the development and definition of the UNE 178,
201 ‘Smart Cities. Definition, attributes and requirements’)
(ESMARTCITY, 2016).
The ‘Connecta Valencia’ (CSTD) and ‘Connecta VLCi’ (CSB) initia
tives results are not yet available as they are in their bidding period.
However, the proposed actions can be compared with the implanted
solutions. Thus, it is possible to visualise the territory’s evolution, as
shown in Fig. 18.
Throughout 2018–2020, the city of Valencia had been included in
the IESE Cities in Motion Index (Ricart et al., 2018, 2019, 2020). It has
gone from occupying the position 63rd to the 60th. It is important to
highlight the performance improvement in international outreach,
urban planning, and economy (see Fig. 19).

7. Conclusions
Evidence has shown that a smart city is first a city, while smartness is
another asset, which either improves/automates typical functions
(transportation, waste management, etc.) or generates jobs and in
creases citizen satisfaction (from traffic awareness, energy efficiency,
etc.).
Current smart city concepts attempt to keep leadership in urban
technology projects focused on their inhabitants and their goals as a
society. A comparison has been made between different models of
implementation considering all the actions (components) identified in
the literature and ten main smart city axes: social cohesion, governance,
smart city platform, urban planning, international outreach, software
(apps and webs), mobility, technology, environment, and human
capital.
After analysing the main cities indexed and classified according to
their initiatives to become smart entities, it is possible to conclude that
there is no smart city model that considers all the ten axes in planning
their actions. Each city council conducts their transformation projects in
different directions and with different degrees of development according
to its specific needs or the available resources.
Along with this study, a comprehensive overview of the development
of smart cities in Spain has been provided to describe the degree of
maturity in the transformation processes of its conventional nucleus of
the population into the smart cities they plan.
This evolution follows the expected and logical trend towards digital
transformation, starting by focusing actions on ICTs and e-governance
(technology, software, governance, and urban planning) through two
project funding calls from the national government: the FCSC and the
SCSC. In this specific country, there is a greater interest in the envi
ronment and the tourist approach of the city (environment, interna
tional outreach) detailed through the specific CSTD and the CSI.
Under these programmes, the Spanish cities have focused their ac
tions mainly on their social cohesion, urban planning, international
outreach, and technology implementation. This reflects a synergistic
effect of the national and regional environment in a clear commitment to
tourism and quality of life.

6.2. MALAGA
The second case study is the city of Malaga—the capital of the Costa
del Sol—which, according to the data given by the Institute of Statistics
and Cartography of Andalusia (IECA), is recognised as the economic
capital of Andalusia. It has been able to benefit from both national smart
city calls with the projects ‘Smart Costa del Sol’ (Malaga Provincial
Council, FCSC) (Red.es, 2014j; 2015 g) and ‘CentESyMal’ (Malaga City
Council, SBC) (Red.es, 2020). These projects were granted 5.80 M€ and
5.00 M€, respectively—almost 11 M€ overall. The actions and related
indicators used in these initiatives are represented in Fig. 20.
As in the case of Valencia, an evolution in the IESE: Cities in Motion
ranking is presented between 2018 (Ricart et al., 2018), 2019 (Ricart
et al., 2019), and 2020 (Ricart et al., 2020). As shown in Fig. 21, in this
city, the improvement in the index is more significant than in Valencia,
as it improves from the 89th to the 82nd position. The best improve
ments can be found in the same areas as in Valencia: international
outreach, urban planning, technology, and economy.
To raise more positions in this ranking, it is necessary to improve its
international projection and human capital. Nowadays, the city is con
ducting important improvements in these areas. For example, the city
has been chosen as the European Capital of Intelligent Tourism 2020 by
the European Commission and has launched the ‘Plan Estratégico de
Innovación Tecnológica 2018–2022′ . This is a project funding call,
parallel to the SBC, with a specific budget of more than 150 M€ in which
the city of Malaga will contribute to 75% of these funds (ESMARTCITY,
2018d; 2018e). This plan represents one of the most ambitious projects
in the country in terms of smart city development. Therefore, results of
considerable impact on the city can be forecast in the coming years.
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Álvarez, C. (2019). Holanda: La falta de espacio para aparcar más bicicletas obliga a
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