Methodology to assess the impact of the introduction
of new technologies on Smart Cities

SOCIAL CHANGE AND

Ingenieria e Industria DEVELOPMENT
Rev. 2 del 9/ene/2012 Branchi P, Fernandez-Valdivielso C, Matias Maestro IR Social change and
Technology

METHODOLOGY TO ASSESS THE IMPACT OF THE INTRODUCTION
OF NEW TECHNOLOGIES IN SMART CITIES

Pablo E Branchi, Carlos Fernandez-Valdivielso and Ignacio R Matias-Maestro

Smart Cities Institute - ISC. Universidad Publica de Navarra (UPNA). Campus de Arrosadia, S/N.
31006 Pamplona. Tfno. +34 948 169288. pebranchi@hotmail.com, carlos.fernandez@unavarra.es, natxo@unavarra.es
Received: 13/oct/2014 - Accepted: 12/dec/2014 - DOI: http:/dx.doi.org/10.6036/7388

METODOLOGIA PARA EVALUAR EL IMPACTO DE LA
INCORPORACION DE NUEVAS TECNOLOGIAS EN CIUDADES
INTELIGENTES

ABSTRACT:

We are facing a revolution of digital and communication
systems, where the role of technology will keep growing up
exponentially. It is transforming society, and has high impact
on infrastructure, transport systems, buildings and in public
spaces. Urban areas are rebuilding the traditional
technological scenario, with systems that create new needs,
discovering new realities, and seeking new solutions. The aim
of this paper is to establish a methodology to set an
assessment tool for different technologies in terms of their
usefulness and consequences, and to consider the impact of
their applications. With it, policy makers and influencers can
evaluate the advantages of each initiative, the virtues of the
available technologies and systems towards their application

RESUMEN:

Estamos frente a una revolucién producto de los sistemas digitales y de
comunicacion, donde el papel de la tecnologia continuara creciendo
exponencialmente. Estd calando profundamente en la sociedad, y tiene
un alto impacto en las infraestructuras, los sistemas de transporte, en los
edificios y en el espacio publico. En el ambito urbano se reconfigura el
escenario tradicional tecnoldgico, con sistemas que generan nuevas
necesidades, descubriendo nuevas realidades que buscan nuevas
soluciones. El objetivo de este trabajo es el de establecer una
metodologia para la elaboracién de una herramienta de evaluacién para
las diferentes tecnologias en funcion de su utilidad y consecuencias,
contemplando la incidencia de sus aplicaciones. Con ella se podran
evaluar, por parte de politicos y técnicos prescriptores, las ventajas y
desventajas de cada iniciativa, las virtudes de las tecnologias y sistemas

in Smart Cities. disponibles, y el modo optimo de su aplicacion en las Ciudades

Inteligentes.
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1.- INTRODUCTION

For decades, experts have been studying the role that the city and its inhabitants play in the advent of new technologies.
Some authors feared for a digital disaster, contrasting the tele-presence as a negation of space for time [1], how the
concentration of movements, money and information, can turn the geographical space [2], or perceiving virtual city as
dissolution of reality [3]. Others contributed to the vision of the city as a complex ecosystem that metabolizes energy,
materials and information, transforming them into goods and services [4]. New technologies allow greater socialization
behaviors in new spaces, and the XXI century will establish appropriate conditions to create a civilized urbanity based
on information flows [5].

With new technologies, cities will be made of buildings and infrastructures that could be seen as the hardware, and
networks that will form the software: a civic ‘intelligence’, building intelligent spaces. (‘intelligence building’ reads as
‘secret services building in English, so better use ** and ,) It brings new standards for social organization [6] and the role
of information and communication technologies are essential, with the duty to guarantee the ability for citizens to
understand these new tools and avoid any socio-technological exclusion. It will be necessary to remove the ‘fear of the
unknown’, try to learn the way to study it, and to provide analysis tools to understand how to best apply these new
systems. Thanks to the implications of new technologies, the priorities are relationships and movements, where
everything is interconnected, which require new logics, new analytical tools and new concepts [7]. In the digital-city,
new technologies will help improve the management of communication networks, mobility and energy, but the
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implementation and monitoring of those systems remains the Achilles heel of urban planning [8]. The city loses its fears
and embraces the dominant role of technologies, acquiring the title of Smart City (SC), the natural context for this work.

Simulating the behavior of different systems and testing scenarios (dropping ‘future’ as ‘future scenarios’ reads as
scenarios that will be developed in the future, and not ‘scenarios about the future’) improve the sustainability of cities.
Furthermore, the use of simulation tools provides a fair assessment for designing strategies to support designers from
the early stages of decision making [9]. New methodologies need to be aligned with the main aspects of sustainability:
environmental, social and economic [10], and processed with a systemic vision. Those aspects should be designed in
order to identify emerging features and improve every area of opportunity, through technological, economic, social and
political improvements [11]. In this work, we describe the process that led us to the development of a methodology for
the technologies and systems analysis in urban environments, developing a useful tool to assess the effect of those
systems in SC. We set the general criteria, as well as how to interrelate them, by defining a methodology based on the
combination of both quantitative and qualitative variables that will help achieve a rating to evaluate the application of
technologies and systems, and their immediate effects.

Cities and their planning cannot be detached from the technologies that shape them, and they still hold a future of great
evolution. Therefore, an open, scalable and revisable instrument is presented, capable of analyzing any technology,
system or urban infrastructure that could be part of new SC strategies. The basis of the methodology is detailed, as well
as the analysis process based on the study of different initiatives and joint work with experts from the Spanish Smart
Cities Network (RECI), analyzing their implanted systems. Finally, the results obtained after the assessment of more
than 50 systems and technologies are presented, before concluding on the usefulness of the tool and highlighting future
steps.

2.- DEVELOPMENT

2.1.- SCOPE OF WORK

Many authors have made a critical review of the literature trying to define what a SC is, from a sociological [12] [13] or
economic perspective [14] [15]. Others even opposed to this term by considering it a fashion fad [16]. However, it
seems clear that it has enough depth in public spheres and is widely accepted by numerous organizations, institutions
and scientific world. This new term must question both the assumptions and contradictions involved in its concept [12].
It is yet difficult to precisely define SC, given the large spectre of different elements involved and the multiple
approaches.

Numerous ranking systems have been developed both in Europe [17] and Spain [18], but the authors behind them
recognize that the parameters used are not completely quantifiable, due to the vagueness of the SC term itself. That is
why the methodology developed in this paper - besides offering a great tool to help better define SC strategies and the
choice of systems and technologies to apply - can provide a methodology to compare SC from an objective point of
view.

To evaluate this tool, Pamplona City Council was contacted and its municipal strategy initiatives under development
were analyzed [19]. The Smart City Spanish Network (RECI) [20] was also approached in order to collect data on their
SC initiatives. The 18 RECI cities with which we have worked have shown interest in the tools we propose with this
methodology. In fact, comments from experts from these cities have helped us outline the main concepts to focus on
and the first scheme indicators. Different systems of strategic definition have been studied [21][22][23] as well as
several SC cases were analyzed [24][25] to define the main areas of focus.

While this focus remains large given the complexity of SC and all the ramifications involved, there is one strong
consensus among experts: Mobility. The second major focus which has emerged is Energy efficiency. The third most
important aspect of SC is less clearly defined, and we have encompassed it under the concept of Quality of life, which
includes areas such habitability, waste management, pollution and environmental management, and services. This
segmentation does not seek to catalog solutions. The idea is rather to recognize their mainstreaming - the same
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technology can affect more than one areas at a time - which seems appropriate in order to weigh different solutions in
each area with the tool developed here, and to evaluate the overall impact on a SC strategy.

While assessing the concept of SC, we can’t afford to underestimate the potential negative impact of the spread of new
technologies. Local policies should emerge to support an appropriate planning of urban cyberspace [26]. A City cannot
be labeled as Smart simply because of its adoption of sophisticated ICT [12], and must urbanize the deployed
technologies, making them accessible and useful to the people they affect directly [13].

2.2.- PROPOSED DEVELOPMENT OF AN ASSESSMENT TOOL

The tool proposed in this work should allow the emergence of easily identifiable data to evaluate the different
technologies available to city managers, policy makers and urban planners. For this task, a number of technology
analysis systems have already been studied. In the early 70s, the term Technology Assessment (TA) [27] is introduced,
and in the 90s we saw the emergence of the idea that TA should take into consideration the impact of emerging
technologies on societies and their environments [28]. Since then, TA has been seen as a scientific, interactive and
communicative process, studying the social implications of new technologies in the urban fabric. [29].

Because of SC’s constant evolution, there are no universal tools that can be applied to all TA studies. It requires new
approaches to adapt to new demands [30]. Several methods to define appropriate indicators to assess the environmental
and sustainable performance of cities have been proposed [31] , as well as new hybrid approaches for the selection of
emerging technologies by building index [32] (‘by building index’ syntax doesn’t work, but I can’t change because I'm
not sure of the sentence, I’1l let you tweak). However, these methods are not specific to the field of SC, so it is pertinent
to develop a methodology exclusively focused on technologies applicable to SC.

Due to the multiplicity of factors, the complexity lies in defining a model that will incorporate all the different layers of
analysis and help determine whether a solution being examined is the most appropriate in terms of meeting the needs at
the root at any given project. The model must be able to assess and quantify in a relational and permanent way both the
initial problem to solve and the instruments to achieve the expected results. Criteria should be defined in order to be
crossed-checked in a double-entry matrix with several elements that will constitute the Impact, through a series of
variables such as functionality, expected results and consequences. There will be another series of variables composing
the Background: personal, social, urban, environmental, economic and energy requirements [33]. The Impact and the
Background will be crossed-checked while quantified variables will be defined. This will enable us to compile them and
reach a final grade for each technology. The methodology must have a fair balance between quantitative and qualitative
variables to make sure it is both effective and flexible, as well as relevant to any system or technology to be applied in
the city. This will be the Technology Assessment Matrix (TAM).

2.3.- TECHNOLOGY ASSESSMENT MATRIX (TAM)

The final score for a particular technology will be the result of the combination of multiple mesured elements and their
consecutive average (Fig.1). In each box, a value from previously defined indicators is placed, and an overall result will
be obtained by combining each line and column respectively. By compiling the partial results, an average of the final
grade (TT) will be obtained.

The consecutive scaling of different and interrelated concepts gives an objective and balanced result. From this scheme,
the matrix is developed in a way that takes into account the concepts proposed for both the Background and the Impact.
The following table (Table 1) shows the analyzing process for the TAM.
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Fig.1. TAM evaluation process.
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Table I: Technology Assessment Matrix (TAM): Main Concepts and qualification

By combining each Background concept with Impact issues, a numerical data will be obtained in each box: a value that
goes from 1 (lowest impact) to 5 (highest impact) according to a number of indicators, which will allow us to make the
distinction between the different impacts on each element of the background the technology is set to have. Each line and
column generates subtotals of the global balance of each criterion in the sum of elements of the environment (T1, T2,
T3), and the full impact of that technology (Ta, Tb, T, ...) that can be assessed. By averaging the subtotals for each row
and column, the final result of a particular technology will be obtained as a whole. As an example, the impact of each
Impact criterion in the different elements of the Background will be graded as shown in the following (Table I1).
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1. Functionality Poor (1) Average (2) Good (3) Very Good (4) Excellent (5)

a. Citizen (0]

b. Social (@]

¢. Urban (0]

d. Environment O

e. Economic Req. (0]

f. Energetic Req.

Table I1: Assessment process for a particular technology

The final result of the impact from the technology’s Functionality on all the elements of the environment will be (Eq.1):

la=3

T1=3+2+4+4+1+5)/6

T1=3.17

@

To determine which value is assigned to each box, indicators and variables must be defined to be used with each
concept. For this, an initial suggestion of five potential indicators that could be used in different criteria is presented

(Tables 111, 1V and V).

1.FUNCTIONALITY

Poor (1)

Average (2)

Good (3)

Very Good (4)

Excellent (5)

Impossible to be used

Not easily usable.
Requires prior

Easy to use, but
requires simple

Semi-automatic

Automatic system. It

a. Citizen by non-experts knowledge or other | systems and system. Requires requires no other
o other simple systems | systems
complex systems subscriptions
. Distorts the normal | SHahtly affects Does not affect life in | Allowsan Optimizes social
b. Social ) S relationships in urban | society by its improvement in . .
: social functioning ) 2 . - relationships
life functionality social relations
New buildings and . Does not affect the - L
- New infrastructures - Uses existing Improves existing
c. Urban infrastructures should | o, 14 e built physical urban infrastructures infrastructures
be built environment
Hinders the current Does not allow any Facilitates Provndes Aut_omanzes |
i environmental environmental environmental Improvements to environmenta
d. Environment management management management environmental management
g g 9 management systems
e. Economic Has a cost higher than | Has a cost lower than | Does not involve any | Improves sales and | Generate direct
‘ 20 pct. of the problem | 20 pct. of the problem | expense, does not services, making ita | income once
Requirement to solve to solve generate income profitable investment | installed

f. Energetic
Requirement

Requires new energy
sources

Requires new energy
infrastructure

No need for new
energy infrastructure

It does not use
energy

Optimizes the
energy consumption
of other systems

Table 111: Concepts and indicators to evaluate Functionality

Both positive and negative elements are taken into account when analysing the overall impact. The fact that a system
requires additional energy sources or technologies represents a negative impact because of the additional needs
regardless of the positive impact the system may bring. A system could be inexpensive and readily usable, for example
a computer application working in real time, but if every citizen need to have a smart phone (additional elements) to use
the system, and the phones must be charged (requires an energy source), the negative impact overall could offset the
positive effects the system may have. Also, we have to take into account the security risks associated with computer

systems, such as power outages and hacking.
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2.RESULTS Poor (1) Average (2) Good (3) Very Good (4) Excellent (5)
Negatively affects Produces no Produces slight Egﬁgiii?rible Produces major
a. Citizen people’s lives improvement for improvements on - improvements on
. L , 1 improvements on y 1
citizens people’s lives A people’s lives
people’s lives
Produce sliaht Optimizes urban
. Adversely affect It does not affect life |. ght. Improves social life | life and
b. Social A - - improvements in the | . . o
community life in society S in the community communication in
community life -
society
Optimizes
Aqve_rsely affect It (_Jogs not affect Brings infrastructure | Optimizes existing infrastructure and
¢. Urban existing existing - ; - ;
: - improvements infrastructure improves public
infrastructures infrastructures
spaces
Produces Proguces no | Produces minor Optimizes _Slgmflcant}l]y
i environmental environmenta environmental environmental Improves the
d. Environment damage occurs damage or improvements conditions environmental
g improvement P conditions

e. Economic

Very expensive
system (more than 15

Expensive system
(more than 10 years

Not very expensive
system (more than 5

Low investment
(more than 2 years of

Immediate net

Requirement years of amortization) | of amortization) years amortization) amortization) income
] More energy N E
f. Energetic consumption than 0 energy Energy improvement | Energy improvement | . nergy .
. rior to system _consumptlon in less than 20 pct. in more than 20 pct. improvement in
Requirement P improvement more than 50 pct.

installation

Table IV: Concepts and indicators for evaluate Expected results

3.CONSEQUENCES Poor (1) Average (2) Good (3) Very Good (4) Excellent (5)
. . . . Improvements in
. Affects any of the No improvement in | Improvements in just | Improvements in two .
a. Citizen three areas any of the three areas | one area areas teheqthree areas: m,
. Security risks to the | Additional security I . . Improves security
b. Social IT system systems required No security risk Optimizes security | 1 data protection
Negatively affects the | No change inurban | Improvements in Improvements in Urban regeneration
¢. Urban public space and

public space

environment

public space

of degraded areas

buildings
Contaminates the Contaminates the Reduces Reduces
d. Environment environment (acoustic | environment Does not contaminate | contamination by less | contamination by
and pollution) (acoustic only) than 20 pct. more than 20 pct.

e. Economic
Requirement

Requires expensive
maintenance and
updates

Requires expensive
periodic updates

Does not require
expensive updates

Scalable, and updates
bring improvements.

Optimizes system
operation and/or
produces savings in
other systems

f. Energetic
Requirement

Uses polluting energy
sources

Depends on external
sources of energy

Generates its own
energy for self-
consumption

No energy required

Can provide clean
energy

Table V: Concepts and indicators for evaluate Consequences

Once indicators are established, the next step is to define the link between the technology and the different elements of
SC strategies. Correction values must be applied to the score obtained on the TAM depending on mobility, energy
efficiency and quality of life. It is not intended to define specific indicators in each area, since each one will have its
own strategy, but to define a tool capable of assessing the overall functioning of all variables that affect a SC.
Therefore, in these three areas, each factor will be combined with the other criteria. For that, these areas will have a
display of 5 indicators each, scoring from 0.2 to 1 in steps of 0.2. If a technology gets a specific TT scoring in the TAM,
upon the application of these correction values, the impact can vary significantly in the strategy. A technology can be
highly valued by the TT, but have only a positive impact on one area of the overall SC strategy. When the proposed
technology or system generates a greater impact on the three main axes (m; e; ), the rate will be increased (Table VI).
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Very low impact Low impact Average impact High impact Very high impact
COEFFICIENTS y P P g P g P e P
(0,2) 0,4) (0,6) 0,8) (1,0
Provides -
. Does not affect C(_)ntrol syste_n_15, management and Mobility Mobility and
m. Mobility mobility without mobility information improvements management
improvement improvements improvements
. 10 pct. 30 pct. 50 pct. Greater than 70 pct
- No impact on Energy | : . - . ; . . .
e. Energy Efficiency efficiency improvements in improvements in improvements in improvement in

Energy efficiency Energy efficiency Energy efficiency | Energy efficiency

Reduces pollution, | Improves
improves air management and
quality reduces polition

. . No impact on Quality :::%riniiigﬁvgo Improved services
g. Quality of Life of Life citizens management

Table VI: m, e y q indicators

The TT score, once the mobility coefficient is applied, will be called TTm; the Energy Efficiency will be designated as
TTe, and the one for Quality of life, TTq. The new overall scoring adjusted to these three concepts will be named TTg
(Table VII).

Mobility Coef. (m) Energy Eff. Coef. (e) Quality of Life Coef. (q)
IMPACT
Technolo
v 2| 4 g -
(name) = 2 s I
5| % 2 =
c w 2 c
o ~ 2 w G
A a. Citizen la 2a 3a Ta
% b. Social 1b 2.b 3.b Th
8 c. Urban lc 2.c 3.c TC
g d. Environment 1.d 2d 3d Td
Q
é e. Economic requirements le 2.e 3.e Te
f. Energetic requirements 1.f 2.f 3f Tf
Total T1 T2 T3 TT
TTm TTe TTq
TTg

Table VII: Technology Assessment Matrix (TAM): Complete

2.4.- THEORETICAL MODEL PERFORMANCE

Technologies may have an impact on one, two or three of the areas outlined above. For example, a system could have a
TT score of 4.29, which is an high score (since the maximum would be 5). However, a coefficient of 0.2 linked to
Mobility could be applied, while the impact in terms of Energy efficiency could result in a coefficient of 0.8, and for the
Quality of life the coefficient could be 0.4. Then (Eq.2):
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TTg=(TTm+TTe+TTq)/3

TTg = (4,29%0,2 + 4,29%0,8 + 4,29%0,4) / 3
TTg=(0,858 + 3,432 + 1,716 ) / 3
TTg=6,006/3
TTg = 2,002

@

SOCIAL CHANGE AND

DEVELOPMENT

Social change and
Technology

Different scenarios can be used as an example to explain how best criteria should apply to the allocation of the

corresponding coefficients.

a- A traffic management system: produces improvements in mobility management (coefficient m = 0.6) helps

to reduce pollution (q = 0.8), and produces minimal energy improvements (e = 0.2)

b- The implementation of electric vehicles policies: produce improvements in mobility management (m =
0.6), reduces pollution (g = 0.8) and produces an energy consumption improvement over 50 pct (e = 0, 8)

c- The promotion of cycling: improves mobility (m = 0.8), reduces pollution (q = 0.8) and produces full
energy savings (e = 1)

d- The promotion of e-government: improves city management and reduces pollution by paperless (q = 1),
indirectly provides improvements to mobility by reducing unnecessary travels (m = 0.8) and slightly
reduces energy consumption (e = 0.4)

In some of the previous examples, no improvement occurs, but it is considered appropriate to maintain a minimum ratio
of 0.2 because in any new system there are positive side effects (eg, avoiding unnecessary travel, which affects energy
efficiency). When qualifying technologies by functionality, results and consequences, those negative effects are taken
into account.

The process is complete by obtaining the overall score for an applicable technology in SC, and a quick viewing of
partial qualifications for different areas is available on the TAM. The computerized matrix (Fig.2) shows data for each
item as well as TT and TTg total scoring. A specific letter is assigned, indicating the value of such technology to be
applied in SC environments. Through these letters, TT Label indicates the actual value of the technology, and the SC
Label determines the ‘weight’ of the system in a SC strategies.

TECNOLOGIA O SISTEMA Descripcion
weeL| B
NOMBRE Descripcion
(m) C: (e) Calidad de Vida (q)
weeLsc| C
No afecta a la movilidad w | 02 | Buscamejoras del 70% en ef. ener. 1 Ofrece informacién al Gudadano v| 04
IMPACTO
EVALUACION Total
1. Funcionalidad 2. Resultados esperados 3. Consecuencias
Sisterna automatico. No requiere otros sistemas 2y 2 No produce mejoras para el ciudadano v Mejoras en dos de los aspectos v
a. Usuario / Ciudadano Ta 3,67
1a 5 2a | 2 3a I 4
No afecta a la sociedad W | No afecta la vida en sociedad ‘W | Optimiza la sensacién de seguridad v
b. Social Tb 3,00
1b 3 2b I 2 3b l 4
Mejora infraestructuras existentes W || Mejora espacio urbano e infraestructuras W || Mejoras al espacio piblico v
o c. Urbano Te 433
E 1c 5 2¢c | 5 3¢ I 3
o
E Facilita gestién ambiental ‘¥ | Optimiza condiciones medioambientales v Reduce la contaminacién >20% v
w d. Medioambiente Td 4,00
1d 3 2d | 4 3d I 5
Costo superior al 209% del problema a solucionar W || Costoso (>10 afios amort.) W | Sin actualizaciones costosas. v
e. Te 2,00
1e 1 2e | 2 3e | 3
No requere nuevas infraestructuras. W | Mejora consumo > del 50% W | Depende de fuentes exteras de energia \ 2
. — T 3,33
1 3 2f I 5 af I 2
Total T 3,33 T2 3,33 T3 3,50 TT 3,39
TTm 0,68 TTe 3,39 TTq 1,36
RESULTADOS SMART CITY . : - TTg 1,81
LABEL m E LABEL e B LABEL q D
Fig.2: TAM matrix computerized.
Pag.8/12

Publicaciones DYNA SL -- ¢) Mazarredo n°69 -3° -- 48009-BILBAO (SPAIN)
Tel +34 944 237 566 — www.revistadyna.com - email: dyna@revistadyna.com


http://www.revistadyna.com/
mailto:dyna@revistadyna.com

mm Methodology to assess the impact of the introduction
; )) of new technologies on Smart Cities SOCIAL CHANGE AND

Ingenieria e Industria DEVELOPMENT
Rev. 2 del 9/ene/2012 Branchi P, Fernandez-Valdivielso C, Matias Maestro IR Social change and

Technology
3.- RESULTS

3.1.- CASE STUDY

Thanks to the agreement signed with the City Council, we were able to jointly evaluate already implemented systems in
the strategy of Smart City of Pamplona [19] and, in association with RECI experts, we studied other initiatives also
implemented in their cities. It was also considered appropriate to evaluate systems in other cities outside the Spanish
territory, assessing a number of projects which have become international benchmarks, such as the city of Amsterdam,
in The Netherlands, and the new urban development of Songdo, in South Korea.

The premise of this methodology is to study all types of technologies and systems for SC. Therefore, the study focused
on initiatives devoted to ICT projects such as the development of web applications for citizen information; combined
systems which improve infrastructure management systems (auto-adjustable lighting, citizen cards); or less
technological but equally efficient initiatives in areas of SC, such as the promotion of bicycle use.

3.2.- OBTAINED RESULTS

A comparative graph of the results is presented (Fig.3), with a ranking from ‘high’ to ‘low’ for TTg scoring, and a
summary (Fig.4) with the 58 studied technologies and systems.
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Control vehic. Aere

Fig.3: Graphic comparing the technologies assessed with TAM.

After this analysis, we were able to confirm that the methodology allows for objective and comparable scores,
regardless of their nature and complexity, in the aggregate value for the technology (TT) and also in its weighing when
applied in each SC area (TTm, TTe, TTQ), as well as in an overall score for an SC strategy (TTg). The results showed a
pattern of TT scores ranging between 3.00 and 4.00 (88%), which are relatively high scores and perhaps too
homogeneous. This results from the fact that all the systems analyzed were from SC strategies already being
implemented. However, by applying the (m, e and q) correction coefficients the TTg score provides more variability,
even dropping below 1.00 in some examples, which demonstrates that this methodology could be useful for decision-
making.
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|Cludad : I" P I T I Label TT | TTg I Label SC | TTm | Label TTm | TTe | Label Tte I TTq | Label TTq |
(Observatorio Urbano 3°S1on de datos a disposicion def 322 B 0,86 E 064 E 064 E 1,29 o
ciudadano
SMS retirada graa | o010 SMS por retirada de 2,83 B 0,76 E 057 E 057 E 113 D
vehiculos pro grua
SMS indundacion Avisos por SMS por riesgo inundacién 3,22 B 1,50 D 1,93 c 0,64 E 1,93 c
SMS Polen AebraroS aarheidspdenei®|  sie B 0,81 E 0,61 E 0,61 E 1,22 D
Free WiFi EONBRON BoEans) RS Sy et on 3,00 B 1,00 E 0,60 E 0,60 E 1,80 c
espacios publicos
& Aplicacion web para informacion
prrUE D turistica en teléfonos inteligentes 0 = Y g e = o5 g B2 ©
= —
Eficiencia edificios MIOI.C cOnBLNS eergAted 3,33 B 1,56 D 0,67 E 2,00 G 2,00 c
en edificios publicos
(Alumbrado Publico |'e1ora Sistemas gestion y regufacion 3,56 A 1,90 c 0,71 E 2,84 B 2,13 c
alumbrado publico
Seméforos LED Cambio de luminarias en semaforos a 3,50 B 10 c 210 c 3 B 0.70 E
tecnologia LED
Contadores Sustitucion de contwadores para
inteligentes rmitir telemetering 298 L 9,99 - 0:59 L g8 o A8 L
Edificios Singulares |70410n de energias renovables en 3,33 B 1,33 ) 0,67 E 2,67 8 0,67 E
Recogida Neumética |>'518™2 de recogida neumatica de 322 B 2,15 c 1,93 c 1,20 D 322 B
residuos en casco histérico
Movilidad Vertical |C2/0¢2¢i0n de fampasy ascensores 3,56 A 2,84 B 2,84 B 2,13 c 3,56 A
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3 centralizada de la red semafbrica
i‘ Gestion de Trafico |Centro de Control de tréfico integrado 3,17 B 2,11 c 3,17 B 1,27 D 1,90 c
=
< [Control vehic. Sistemas de control de acceso para
a
Aereas restr. vehiculos areas restringidas S B {80 G ke B s = o0 =
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aparcamiento de rotacion
[App Telpark Biskena: e pago Via yeh s 3,11 B 1,45 D 1,87 D 0,62 E 1,87 c
aparcamiento limitado
Distribucion de puntos de recarga 3,56 A 2,84 B 2,84 B 2,84 B 2,84 B
para coche eléctrico
Interoperab. Sistema de interoperabilidad entre 3,78 A 3,02 B 378 A 3,02 B 2,27 c
[Recarga c. elec ciudades para recarga coche elec.
[Car Sharing Coche eléctrico Compartido 2,94 B 2,36 c 2,94 B 1,18 D 2,94 B
Moto Sharing Moto eléctrica compartida 3,28 B 2,40 c 2,62 B 2,62 B 1,97 c
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urbano informacion transporte publico
Sede Electronica  |>/5tomas de gestion ciudadano a 356 A 1,19 D 071 E 071 E 2,13 c
través de web municipal
Factura electronica | OSSN de pagos electronicos 3,06 B 1,43 D 0,61 E 0,61 E 3,06 B
mediante firma digital
Gis corporativo Gestion de informacién municipal 2,83 B 1,32 D 0,57 E 0,57 E 2,83 B
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viviendas
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a
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energética en el municipio
Onze-Energie CoBPERivas SRtk e 352 A 2,33 c 0,70 E 352 A 2,80 B
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I——Q—
Cmact Working Centros de Co-working 361 A 2,17 C 2,89 B 1,44 ) 2,17 c
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Apps Turisticas Aplicaciones para smart-phones con 3,44 B 1,84 c 2,07 c 1,38 D 2,07 c
informacion para turistas
[Car2Go Coche eléctrico Compartido 3,22 B 2,58 B 3,22 B 1,29 D 3,22 B
(Open Green space [2/51°ma de éreasverdes, pestonalesy| 5 ¢ A 2,13 c 2,84 B 071 E 2,84 B
[Material Flow Politica de reciclaje para todos los 3,11 B 1.24 D 0.62 E 0,62 E 2,49 c
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LEED Certification | 0208 105 edificios certificados con 328 B 2,19 c 1,97 c 1,97 c 2,62 B
rotocolos LEED
g : et cnd ol 3,11 B 1,66 D 0,62 E 1,87 c 2,49 c
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Control y recicl.agua |Recuperacion agua de lluvia 3,44 B 1,61 D 0,69 E 0,69 E 3,44 E
g  [Reduce. consumo [Automatizacian para obtener un 30% 333 B 1,56 D 0,67 E 0,67 E 333 B
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z
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Autobuses publicos propulsados pro
Hydrogen Bus hirdans 3,50 B 2,80 B 2,80 B 2,80 B 2,80 B
Integrated Oper. (Control de trafico, seguridad y 272 B 1,81 c 1,63 D 218 c 1,63 D
[Center servicios publicos centralizado
\WEB 3.0 Centros conferencia integrados, e- 3,28 B 1,09 D 0,66 E 0,66 E 1,97 c
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T Servicios web para usuarios para
U-City P rar 1o Chiad \ ReAs 2,50 c 1,17 D 1,50 D 0,50 F 1,50 D
SmartLUIX AmbIado D00 LED teles 339 B 2,49 c 0,68 E 3,39 B 3,39 B
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o
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5 ra gestion datos urbanos _
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ara generar luz noche en arboles

Fig.4: Matrix summarizing all technologies assessed with TAM.
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4.- CONCLUSIONS

In a Smart City (SC) Strategy, many initiatives can arise, but their real impact are virtually impossible to foresee until
the strategies are fully implemented. Using a dynamic tool that provides assessments, and uses coefficients for
corrections, can significantly improve planification during the long road that involves all urban strategy and can help
avoid pitfalls stemming from fashions and interests [34]. The study of urban realities and the potential impact of
systems or technologies on the city should not be simplified.

All SC should use such a tool to assess its realities, from both top-down and bottom-up angles, and take into
consideration both objective and subjective aspects. Here we have presented a methodology which attempts to capture
the largest number of relevant criteria and variables that should be considered. For the development of this
methodology, analytical principles are used to obtaining an objective score based on the sum of indicators, both
quantitative and qualitative, considering the various overlapping elements which interact in a city. It has been useful to
assess that some systems work better than others in some areas, while some of them may have a greater overall impact
on the strategy because they affect more than one aspect of SC.

This constitutes the first step in defining the basis of our methodology and surely multiple revisions will follow,
especially regarding the nature of the indicators used. That is why we will continue to work with the most active
Spanish stakeholders in the field, analyzing their strategies and technologies. Among the next steps, it is necessary to
carry on testing the tool in various cities and to refine the indicators, using the experience in real cases. It is also
essential to develop a manual with guidelines on how to better use this tool in order to minimize the subjectivity in test
results. Also, we are working on a second matrix in which the combined impact of different technologies and systems
are evaluated from the individual TAM data, and we expect to obtain a system to rate global SC strategies. The results
from this second matrix will be published in due course.
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