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and consistent conceptual core in order to ensure its accurate interpretation and successful implementation.
This research aims to define smart energy city development not only in a theoretical context, but also in terms
of practical solutions. We adopt the 5W + 1H (why, what, who, where, when, how) model integrated with liter-
ature review and expert knowledge elicitation, i.e., focus groups and interviews. This results in: (i) clarification of
general interrelationship between smart energy city, smart city, and sustainable city; (ii) a holistic, multidisci-
plinary, and comprehensive conceptual framework of smart energy city, revealing its principles, objectives, do-
mains of intervention, stakeholders, and time and spatial scales; and (iii) a set of smart energy practical
solutions and technologies categorized in the eight domains of intervention: buildings and districts, transporta-
tion and mobility, energy and ICT (information and communication technology) infrastructures, collaborative
planning, consumer behavior management, energy and data management, as well as two cross-cutting domains.
We suggest that sustainable, rational, and integrated application of new technologies, collaboration of multiple
stakeholders, and integration of multiple urban energy domains, mainstreamed in energy specific targets, enable
distinguishing real from labeled smart energy city development. We suggest that smart energy solutions are
mostly effective when combined with other sustainable solutions. This research is applicable for all smart energy
city stakeholders, particularly decision makers and researchers, in order to enhance a common and comprehen-
sive understanding of the smart energy city concept and its practical solutions to foster sustainable smart energy
city development.
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1. Introduction

Smart energy city (SEC) is an emerging urban development strategy
in Europe. It is aimed at assisting cities to exploit recent opportunities in
technology and economy in order to provide citizens with a better qual-
ity of life, while addressing urban energy challenges such as climate
change, shortage of energy resources, and inadequate and deteriorating
energy infrastructure (Coe, Paquet, & Roy, 2001; Washburn et al., 2009).

The appearance of multiple SEC initiatives in European cities lacks a
well-defined conceptual basis (Hollands, 2008; Soderstrom, Paasche, &
Klauser, 2014; Vanolo, 2014). This creates confusion in devising SEC
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strategies and plans, and allows distorted or simplistic interpretation
and application of the concept (Vanolo, 2014). A simplistic approach
arises when cities label themselves “smart” as they utilize some types
of Information and Communication Technology (ICT) solutions
(Hollands, 2008); while scholars emphasize that smartness is beyond
solely the application of technology or ICT solutions (Coe et al., 2001;
Hollands, 2008; Nam & Pardo, 2011). Therefore, a common and compre-
hensive concept for SEC development is necessary to ensure its correct
and successful design and implementation.

Current academic literature on the SEC concept has approached the
topic from three general perspectives. The first considers SEC as a “good
thing” per se and seeks to actualize it through technological solutions
for specific problems that affect the urban energy systems (e.g., Chai,
Wen, & Nathwani, 2013; Krajacic et al., 2011). The literature on this per-
spective rarely makes an attempt to redefine already existing interpre-
tations of the SEC concept. The second accepts the eligibility of SEC as
well; however, it attempts to define and analyze SEC by considering
its different components, aims, and characteristics (Belanger &
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Rowlands, 2014; Chai, Wen, Nathwani, & Rowlands, 2011; Chai et al.,
2013; Nielsen, Ben Amer, & Halsnas, 2013). There are a few studies
from this perspective that focus specifically on the concept of the
smart energy city, as compared to many attempts to define smart city.
The existing definitions related to the smart energy city often do not ad-
dress the urban perspective but are focused more on specific elements
such as energy systems or energy networks. For example, Lund (2014)
conceptualized smart energy system, and Chai et al. (2013, 2011) and
Belanger and Rowlands (2014) defined the smart energy network.
These definitions are very technical and lack a holistic overview of the
concept. A more holistic SEC definition is provided by Nielsen et al.
(2013, p. 3): “The Smart Energy City is highly energy and resource efficient,
and is increasingly powered by renewable energy sources; it relies on inte-
grated and resilient resource systems, as well as insight-driven and innova-
tive approaches to strategic planning. The application of information,
communication and technology are commonly a means to meet these ob-
jectives. The Smart Energy City, as a core to the concept of the Smart City,
provides its users with a liveable, affordable, climate-friendly and engaging
environment that supports the needs and interests of its users and is based
on a sustainable economy.” This definition, however, concentrates most-
ly on the objectives of SEC, and it is not clear on other important aspects
of the concept such as stakeholders, domains of intervention, and tem-
poral and spatial dimensions. Contrary to the two mentioned perspec-
tives, the third criticizes the concept of smart city in general (which is
extendable to SEC as well) and raises alarms about the risks and chal-
lenges implicit in blind acceptance of distorted smart city interpreta-
tions (Hollands, 2008; Soderstrom et al., 2014; Vanolo, 2014).
Considering these three perspectives, subsequent fundamental gaps
and concerns in SEC development arise.

The genealogy of the concept of smart city and its components (e.g.,
SEC) are not clear and validated (Kitchin, 2015). Soéderstrom et al.
(2014) doubt the concept, characterizing it as a story told by Interna-
tional Business Machines Corporation (IBM), which positions IBM and
similar ICT companies as inevitable key actors in cracking urban prob-
lems. This highlights a need to define SEC from a coherent point of
view, with a holistic and multi-disciplinary scope that puts public ben-
efit as the first priority in the short-to-long term (Séderstrom et al.,
2014). In addition, the boundaries between SEC, smart city, and sustain-
able city are nebulous (Hollands, 2008; Kitchin, 2015). SEC is presumed
as a component of the smart city (Lazaroiu & Roscia, 2012;
Mosannenzadeh & Vettorato, 2014; Nielsen et al., 2013); yet, to our
knowledge, no scientific study has explicitly stated the detailed interre-
lationship between SEC and the smart city. In addition, it is not clear if
SEC is a new label substituting for sustainable city, or if it is a distinct
technological vision overlapping with it (see Tregua, D'Auria, &
Bifulco, 2015).

The sustainability of the SEC development is the subject of concern
as well. Social, economic, and environmental impacts of SEC develop-
ment have received skepticism, due particularly to the specific empha-
sis on technology and ICT embodied in the concept (Viitanen &
Kingston, 2014). Hollands (2008) asserts that smart cities (and there-
fore, SEC) will trigger marginalization of poorer residents and tradition-
al communities with poorer access to schooling and technology.
Viitanen and Kingston (2014) also purports the increase of e-waste
due to adding infrastructure to cities in order to make them smart, con-
sidering the short shelf-life of technologies and the tendency of end
users to upgrade.

SEC discourse raises further concerns, including the reduction of
urban future to a single technology-centric vision that ignores other
non-technological but creative and effective solutions to urban prob-
lems (Vanolo, 2014); underestimation of dissimilarities between cities
by indicating prefabricated solutions that should work for all SEC devel-
opments; and a lack of dialogue and collaboration between stake-
holders (Kitchin, 2015).

Finally, the connection between the general SEC theoretical defini-
tion and the specific and detailed practical solutions is not very clear

(Kitchin, 2015). Consequently, urban decision makers and planners
ask for a better understanding of how to locate SEC practical solutions
within the wide SEC concept.

With respect to the mentioned concerns, we aim to develop a holis-
tic, multi-disciplinary, and comprehensive concept of SEC development
from the urban planners' perspective, following three objectives: first,
concisely clarifying the general interrelationship between SEC, smart
city, and sustainable city; second, developing a theoretical definition
of SEC development that considers sustainability evaluation, reflects lo-
cation specificity, and recognizes SEC key stakeholders and the dialogue
between them; and third, understanding how SEC practical solutions
and technologies with high levels of technology can fit within the SEC
comprehensive and general theoretical context.

The present investigation retreats and develops the concept of smart
energy city briefly presented within the Deliverable 2.1 “SWOT analysis
report of the refined concept/baseline” of the FP7 SINFONIA project
(Pezzutto et al., 2015). The paper is structured as follows: in Section 2,
the research methodology is illustrated. In Sections 3, 4, and 5, the
three research objectives are addressed sequentially. Section 6 con-
cludes the paper by pointing out open discussions on the research re-
sults and suggestions for further investigations.

2. Methodology

Since SEC concept has not been totally explored and the develop-
ment of its concept in two layers of theory and practice is yet required,
we targeted and synthesized both literature and experts for knowledge
elicitation (following Shadbolt & Smart, 2015). The detailed explanation
of methodology to address each objective is presented as follows.

2.1. Clarifying interrelationship between smart energy city, smart city, and
sustainable city

To address the first objective, we reviewed the scientific literature
using four sets of search terms: [“smart city” AND (energy OR “smart en-
ergy” OR “smart energy city”)], [(“smart city” OR “smart energy city”)
AND (definition OR concept* OR defining)], [“sustainable city” AND
(definition OR concept® OR defining)], [(smart AND sustainable) AND
(city OR urban OR planning)]. Similar to Payne and Frow (2005), the lit-
erature review shaped the basis for conducting expert focus groups.

The expert focus group method is appropriate because it has a better
performance than individual interviews in generating “original” re-
sponses and performs at least as well as individual interviews
concerning “quality” and “acceptance” of responses (Massey &
Wallace, 1991). Following Massey and Wallace (1991), a small and di-
verse group was selected—i.e., six experts with international academic
and professional experience in urban and regional planning, environ-
mental and energy planning, building engineering, energy economics,
and transportation planning, from Iran, Jamaica, India, China, Austria,
Germany, and Italy. Each focus group meeting averaged 2 h and was
moderated by one of the experts (in urban and regional planning) on
one specific topic, derived (by the moderator) from the literature re-
view. The topic was discussed by the equal involvement of all focus
group experts, taking advantage of interactive instruments such as
shared documents, papers, projector, and pictures, among others. At
the end of each meeting, the conclusions were written on a projected
document and agreed upon by all the focus group experts. In case an
agreement was not reached during the meeting, further exploration of
the literature on the conflict topic and another session of discussion
were done until final agreement among all experts. A regular series of
expert focus group meetings (two to four meetings per month) was
possible continuously and in the long-term (March to October 2015)
because, during the research period, the experts were all involved at
the Research Group of Urban and Regional Energy Systems in the Insti-
tute for Renewable Energy in European Academy of Bozen-Bolzano
(EURAC Research). EURAC Research is a leading research institute in
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