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Abstract: Building smart sustainable cities initiatives requires governance capacity, which is con-
stantly challenged by a diversity of actors and the transformation towards a digital society; however,
the process of identifying the conditions for building a smart sustainable city (SSC) is not straight-
forward. As an attempt to map the key governance conditions, the goal of this study is to suggest
guidelines for the development of SSC initiatives in the format of a generic roadmap. This research
applies design science research methodology and builds the roadmap based on identified antecedents
that may hinder or facilitate the development of SSC initiatives from a systematic literature review
and the analysis of key governance aspects from 12 smart city initiatives in Europe and Latin America.
This paper builds its results through a four-step approach including: (1) defining the main concepts
and dimensions within the smart sustainable city context; (2) identifying sustainability challenges
for the development of smart sustainable city initiatives; (3) analysing key governance aspects
from smart sustainable city initiatives; and (4) designing an actionable research-based roadmap
and practical recommendations. The resulting roadmap contains 11 key governance conditions
for developing strategies for smart sustainable city initiatives that were classified into three main
phases: (1) planning; (2) implementing; and (3) adopting, monitoring, and evaluating. In terms of
contribution, this research provides a tool to support the development of initiatives, addressing
sustainability challenges and strengthening governance capacity to ensure the long-term impacts of
smart sustainable cities.

Keywords: smart sustainable city; governance; sustainability challenges; governance capacity;
roadmap; design science research

1. Introduction

Smart sustainable cities (SSC) characterise the progression on the application of digital
technology and innovative solutions by the cities to address the needs of their populations
and pursue sustainable socio-economic development. The urban development that drives
SSC requires a strong capacity for public governance to support the planning, designing,
and management of the ongoing transformations of the city, which are enabled by tech-
nological innovation [1]. The current literature highlights the need for understanding the
complex process of developing smart sustainable city initiatives and addressing the insuffi-
ciency of tools to support stakeholders [2], the lack of strategic planning for initiatives, and
the scarcity of a city agenda for guiding their implementation [3–6]. In addition, Sarv and
Soe [7] have identified a knowledge gap between smart city theory and implementation
from the perspective of an existing situation versus the related long-term strategy, and their
results indicate that the current plan of a middle-sized European capital city differs from
the goals set out in their smart city strategy.

A smart sustainable city is associated with the application of emerging technologies
and digitalization of governments; however, the success of innovation in local government

Sustainability 2022, 14, 239. https://doi.org/10.3390/su14010239 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su14010239
https://doi.org/10.3390/su14010239
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-7602-3052
https://orcid.org/0000-0001-7878-3875
https://doi.org/10.3390/su14010239
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su14010239?type=check_update&version=1


Sustainability 2022, 14, 239 2 of 22

requires more than just the focus on technology [6,8], and should seek for a balance be-
tween three dimensions—city policy, city management and technology [7]. Additionally,
because the aspects of a city are multidomain [9,10], it requires a holistic strategy to become
smart, connecting the main sustainability pillars (social, economic, and environmental),
and addressing, for instance, the six dimensions of smart cities grouped by Giffinger [11]
as follows: Smart Economy, Smart Mobility, Smart Governance, Smart Environment, Smart
People and Smart Living. SSC have the potential for overcoming urban problems, and
governance plays a key role in fostering sustainable development [12]; however, policy-
makers and smart city-related stakeholders lack research-based practical recommendations
to support the planning and implementation of smart sustainable city initiatives and the
definition of actionable long-term strategies towards sustainable development.

In order to bridge this gap and contribute to improving the governance capacity and
understanding of the necessary aspects to develop SSC initiatives, this paper aims to answer
the following research questions: What are the conditions to build smart sustainable cities
initiatives to address sustainability challenges? As well as how to build local governance
capacity for smart sustainable cities development?

One way to help the understanding and development of complex processes is the use
of roadmaps. Road mapping is a flexible process for creating guidelines, which can be
used to support different types of strategic aims such as, for instance, planning, supporting
communication, and assessing projects [13]. Considering the benefits of roadmaps, this
research intends to develop a smart sustainable city roadmap to serve as the basis for
building local governance capacity and to guide the development of smart sustainable city
initiatives by means of a design science research (DSR) methodology. The methodology
followed a four-step approach including: (1) defining the main concepts and dimensions
within the smart sustainable city context; (2) identifying sustainability challenges for the
development of smart sustainable city initiatives; (3) analysing key governance aspects
from smart sustainable city initiatives; and (4) designing an actionable research-based
roadmap and practical recommendations.

The purpose of this paper is to advance the knowledge gap between smart sustainable
city development and governance capacity, providing a path for urban planners and
policymakers in addressing local governance and sustainability challenges as well as
to provide recommendations for a future research agenda of SSC. This research seeks
to define the phases and conditions for the development of SSC initiatives, considering
governance and sustainability aspects, that will ultimately support cities in the process of
becoming smart and sustainable. This paper is organised in four sections: 1. Introduction;
2. Methodology; 3. Results and discussion (constructing and discussing the roadmap); and
4. Conclusions, implications, and limitations.

1.1. Smart Sustainable Cities

Smart sustainable cities are able to combine social, urban and technological aspects [14].
SSC symbolise the latest stages towards smart, digital, intelligent and sustainable systems
and can be understood as a constant transformative process grounded on the collaboration
of multiple stakeholders to pursue socio-economic development and to build human,
technical and institutional capacities [15].

We build our understanding of SSC based on the conceptual framework proposed by
Azambuja, Viale Pereira and Krimmer [16], including the three pillars of sustainability as
balancing social, economic, and environmental dimensions to improve quality of life, in ad-
dition to the urban infrastructure dimension—which embodies the physical infrastructure
and urban information and communications technology (ICT) in order to integrate all city
aspects—and governance as the overarching dimension. The social dimension refers to the
provision of city services to citizens, guaranteeing the quality of life, enhancing social partic-
ipation, communication with citizens, education, decreasing the digital divide for reaching
sustainability, etc. [15–17]. The economic dimension addresses challenges to the economic
sustainability understood as “a city with a healthy, dynamic and responsible economy” [15].
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The environmental dimension covers issues related to the protection and restoration of the
natural environment, green buildings, energy savings, creating better spaces to live, and
the adoption of ecological practices to protect the environment [10,15,17,18].

A smart sustainable city is built upon the urban infrastructure—the physical infras-
tructure comprising roads, transportation, factories, buildings, subways and more, and ICT
infrastructure—urban ICT assets comprising local area networks (LAN), servers, databases,
software, open-source software, geographic information systems (GIS) and more [16]. The
literature also distinguishes two domains of SSC projects: hard—the essential role of digital
technology, and soft—technology understood as an enabler in education, culture, policy,
and innovation [19]. According to Grimaldi and Fernandez [20], effective management
of human capital leads to developing the “knowledge city” where the education sector
substantially supports urban development, and policy implementation.

Finally, above all the mentioned dimensions, the governance dimension addresses the
administrative capability to manage the cities’ resources, people, policies and stakeholders,
designing and implementing legal regulations, as well as providing compliance mecha-
nisms and processes in a standardized and continuous manner [16,17]. This comprehensive
model shows that a smart sustainable city extends the smart city concept. The SSC is an
interdisciplinary concept that comprises different domains where technology serves as a
means and not as a goal in itself. According to a recent study [21], the improvement of the
quality of life of urban residents and the enhancement of city functioning can be achieved
through activities covering the five dimensions suggested by Azambuja et al. [16]. Thus,
those dimensions were used in this study to guide the identification and classification of
potential challenges and enablers for the development of SSC.

1.2. Governance of Smart Sustainable Cities

Governance aspects are amongst the most important drivers for the development of
cities [22]. Governance can be understood as the process of governing, which can be subdi-
vided into different dimensions, such as structures and procedures [23]. It includes pro-
grammatic directions, budgetary and resource allocations, interactions with external actors
as well as with different internal organizations, agencies, and departments [18]. These di-
rections are usually described in formal institutions like policies, laws and regulations [23].

Governance is defined as the interaction and collaboration of different stakeholders
in the decision-making process [24,25]. It represents the way cities organize internally
with a strong focus on the empowerment of citizens, open government and collaboration,
co-design and co-production, continuous improvement, acceptance and use of solutions,
and the management of smart city stakeholders’ motivations [26].

There are different governance paradigms, from the traditional and bureaucratic, to
participatory and platform governance [27]. Speaking of urban governance, it is important
to mention that it is not a matter of urban actors only, it requires actions from many
actors [28], thus, the more appropriate paradigm for smart sustainable cities is one with a
stronger focus on participation. In brief, participatory governance incorporates concepts
of joint-up government, network governance and collaborative governance, including
disclosure of information, citizen participation and monitoring [27]. Platform governance
includes relationships of empowerment, coordination, value creation by citizens and
collaboration [27].

In addition, smart governance can be defined as the use of collaborative governance
and ICT-based tools to make better decisions by governments [29]. When bringing this
concept to the smart sustainable city context, the focus is on the citizens’ needs, making
use of ICT to collect, integrate and analyse data to be used as input for decision making,
engaging multi-stakeholders and using collaborative approaches [16]. The importance of
governance is emphasized by the above-mentioned authors as the overarching component
of SSC, providing the tools for ensuring socio-economic development and control over the
environmental aspects of the city. Overall, smart sustainable city governance encompasses
social norms, stakeholders, policies, partnerships, practices, data and information for
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balancing the sustainability pillars by making use of urban infrastructure and information
communication technologies to govern the smart sustainable city [16,17].

1.3. Existing Smart (Sustainable) City Roadmaps

Roadmaps are vision tools used for different purposes so as, for instance, to facilitate
the communication between different stakeholders. Phaal et al. [30] analysed around
40 roadmaps in order to suggest a classification of roadmaps in terms of their format and
purpose. Regarding their graphical format, we can find roadmaps bars, graphs, flow
charts indicating objectives, actions and outcomes, layer(s), tables, pictorial demonstrations,
or text. Concerning their purpose, the most common roadmaps are used for planning,
including the planning of capability, knowledge, integration, products, strategy, long-term,
programmes and processes [30]. Likewise, an SSC roadmap should be able to offer an
overview of the goals and objectives of the transformation route of cities, and to indicate
the necessary activities and milestones to achieve the vision of the city for becoming smart
and sustainable [31]. The review on existing smart city-related roadmaps resulted in a list
of available roadmaps and their respective phases as presented in Table 1.

Table 1. Main phases of existing smart-city related roadmaps.

Roadmap Roadmap Main Phases Reference

An integrated service-device-technology
roadmap for smart city development

1—Preliminary activity
2—Development activity
3—Follow-up activity

[32]

European Platform for Intelligent Cities
(EPIC) Roadmap for Smart Cities

1—Vision phase
2—Plan phase
3—Design phase
4—Build phase
5—Deliver phase
6—Operate phase

[33]

SSC 6-step Transition Cycle

1—Set the vision for the SSC venture
2—Identify SSC targets
3—Achieve political cohesion
4—Build a SSC
5—Measure the city progress
6—Ensure accountability and responsibility

[34]

Smart Sustainable City Transformation
Roadmap

1—City Vision
2—City Readiness
3—City Plan
4—City Transformation
5—Monitoring and Evaluation
6—Sustain Change

[35]

Six-step pathway for the implementation
of responsive building envelope (RBEs)

1—Define purpose of response
2—Identify scale and interdependency
3—Identify functionality
4—Identify trigger and control
5—Identify interactions and requirements
6—Identify technological solutions

[36]

Participatory Planning Approach Towards
Smart Sustainable City Development

1—Define problems and give them a
level of importance
2—Identify goals for smart city development
3—Recommend development plan for
short-term, medium-term, and long-term
planning by formulating projects on platform
of technology and innovations

[37]

Participatory planning for local
sustainability guided by the Sustainable
Development Goals (SDGs)

1—Localizing SDGs
2—Data synthesis
3—Analyzing possible futures
4—Community engagement, objectives,
and validation

[38]

Source: own elaboration.

When analysing existing smart city roadmaps, most of them are focused on technology
implementation, the so-called Technology Roadmap (TRM), as, for example, the roadmap
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suggested by Lee et al. [32]. Others are addressing just one dimension of SSC, and not
providing a holistic perspective. To illustrate, the specific roadmap suggested by Taveres-
Cachat et al. [36] is focused on the implementation of a responsive building envelope (RBE)
in projects. Only a few attempts can be considered as a holistic SSC roadmap, such as
the 6-step cycle for “becoming” a SSC, developed by the ITU-T Focus Group [34] and the
transformation roadmap of Ibrahim et al. [35], which proposed a new approach grounded
on the Theory of Change.

A novel model, recently created by Bibri and Krogstie [39] for data-driven SSC, offers
a strategic guide for transformation towards sustainability in the context of big data [39].
Other roadmaps are focused on participatory planning towards SSC development [37]
and on participatory planning guided by the Sustainable Development Goals (SGDs) [38],
which demonstrates an approach to co-create a local sustainability plan using the SDGs for
a rural community aiming to align bottom-up local needs with top-down global goals.

The analysis of existing roadmaps showed alignment with Lee et al. [32], who ex-
plained that the road mapping phases can be broadly grouped into three main stages:
preliminary activity, development, and follow-up. Another observation is that the available
tools do not highlight important governance aspects. For instance, there is no phase for
establishing and managing the creation of partnerships, or a phase for integrating new
systems and to provide training mechanisms, which are key enablers of SSC [40,41].

2. Materials and Methods

In this paper, we followed the design science research (DSR) methodology, a research
paradigm focused on the development of an artefact to solve a problem [42], with a
focus on the relevance and rigour cycles proposed by Hevner [43]. Artefacts can be
constructs (vocabulary and symbols), models, methods and instantiations (implemented
and prototype systems), being developed in a search process that collect existing applicable
knowledge from the knowledge base (guaranteeing rigor to the research) with the purpose
of developing a solution to a defined problem [42]. In this study, the overarching problem
consists of identifying the conditions for implementing smart sustainable cities initiatives
through a governance perspective and the artefact is the SSC roadmap.

As part of the design science research process, the first step of this study consists of
a preliminary literature review on smart sustainable cities to identify the main concepts
that can guide the development of the SSC roadmap (see Section 2.1). The second step
includes a systematic literature review to identify drivers and barriers for the development
of smart sustainable city initiatives (see Section 2.2). In a third step, 12 smart initiatives
were analysed to identify important governance aspects based on secondary data (see
Section 2.3). This empirical analysis was combined with the data gathered in the literature
review and supports the evaluation of the research outcome through the complementary
analysis of real-world cases, forming the relevance cycle approach. The smart sustainable
city governance roadmap and the guidelines for strengthening smart sustainable city
governance capacity, the fourth step of the method, constitutes the final contribution of
this paper to the knowledge base as part of the rigor cycle. This step included a survey
and a workshop to collect feedback from experts to improve the quality of the suggested
roadmap (see Section 2.4).

The method and results of the four steps are sequentially presented below. Figure 1
illustrates an overview of those steps.

2.1. Step 1: Defining the Main Concepts and Dimensions within the Smart Sustainable
City Context

Method. The literature background built the base for conducting the data collection
and analysis. To describe the context, the research gap was identified and the most sig-
nificant literature was documented that shapes the smart sustainable city topic, then a
preliminary literature review was performed based on relevant references in the field and
building on the preliminary framework developed by Azambuja et al. [16] (Section 1.1). To
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identify and document the important aspects pertaining to governance paradigms, smart
governance models and their main components, and relevant references addressing the
governance aspects of SSC were reviewed and summarized (Section 1.2). Finally, a review
on existing smart city roadmaps supported the preliminary definition of generic roadmap
phases to be contextualized in the smart sustainable city domain (Section 1.3).

Results. The outcomes of Step 1 are presented in Section 1.1. Table 2 contains our main
definitions, which resulted from the literature review.
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Table 2. Main Concepts.

Key Concepts Definition

SSC

Smart sustainable city can be defined as a territory (urban and rural) in continuous transformation,
enabled by digital technology and innovation, stakeholder engagement and collaboration,
constructing human, institutional and technical capacities to solve problems and create new
development opportunities, to raise and maintain the quality of life in communities, and pursuing
sustainable development.

SSC Governance

Governance plays a key role in balancing the social, economic, and environmental dimensions of
sustainable development and the use of the urban infrastructure, as well as the information and
communication technologies to connect the elements of a region towards the development of
sustainable and smart cities, communities, or territories. Ultimately, the governance of a SCC includes
the definition and realization of locally appropriate paths to the development of smart solutions and
the management of long-term relationships with stakeholders within and across government,
business and societal sectors including citizen participation and co-decision-making in public affairs.

SSC Roadmap

A smart sustainable city roadmap is usually comprised of the following main phases: planning SSC
initiatives (defining purpose, vision, plan, targets, etc.); implementing SSC initiatives (designing,
building, implementing, integrating); adopting, monitoring, and evaluating initiatives (monitoring
and assessing, communicating, and sustaining).

Source: own elaboration.
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2.2. Step 2: Identifying Sustainability Challenges for the Development of Smart Sustainable
City Initiatives

Method. The identification of main drivers and barriers for the development of smart
sustainable cities was performed through a systematic literature review approach based
on the PRISMA 2020 Statement [44] and the five-step method for data analysis proposed
by Wolfswinkel, Furtmueller and Wilderom [45]. The first step was dedicated to defining
the research plan, the inclusion and exclusion criteria. The second step was the search
of relevant studies for review undertaken in May 2019 using Scopus and Web of Science.
The query string used in the databases was: ((“smart sustainable cit*”) OR (“sustainable
smart cit*”) OR (“smart and sustainable cit*”) OR (“sustainable and smart cit*”) OR (“smart
sustainability”)), resulting in 271 unique records (the asterisk is used to retrieve variations
of the term “city”). The full text of 204 eligible articles were first analysed, resulting
in 100 eligible articles. An additional 69 publications were added for a better understanding
of the SSC development process following the forward and backward method [45,46],
resulting in 169 records. Using the NVIVO Software, the drivers and barriers were coded
according to the SSC dimensions (governance, social, environmental, economic, and urban
infrastructure). A total of 57 drivers and 63 barriers were found in the analysis of the
169 papers, mentioned, respectively, by 149 and 109 records. The results of the systematic
literature review, which included 169 papers, are detailed in [47]. Combining the drivers
and barriers from the social, economic, environmental, and urban infrastructure dimensions
and translating those results into the context of the roadmap development, we defined
30 challenges of smart sustainable city development. Finally, the governance conditions
included in the roadmap emerged from 118 papers that mentioned at least one governance
driver or barrier.

Results. The literature review showed that there is still a lack of studies interrelating
all smart sustainable city domains. Approximately 20% out of the 169 analysed papers
addressed SSC in a holistic way, mentioning social, economic, environmental, governance,
and infrastructure aspects. The dimension that accounted for more drivers and barriers was
the governance domain, followed by urban infrastructure. Among the 169 analysed papers,
118 (70%) indicated a driver or barrier of the governance dimension, 103 (61%) of the urban
infrastructure dimension, 76 (45%) of the environmental dimension, 63 papers (37%) of the
social dimension, whereas 58 papers (34%) mentioned a driver or barrier of the economic
dimension. Based on the list of 57 drivers and 63 barriers, we defined 30 sustainability
challenges that guided the SSC governance roadmap, as illustrated in Figure 2.

2.3. Step 3 Analysing Key Governance Aspects from Smart Sustainable City Initiatives

Method. Secondary data of initiatives from the CAP4CITY project (ERASMUS+
CAP4CITY Project on Strengthening Governance Capacity for Smart Sustainable Cities.
Available at https://www.cap4city.eu/home/ access on 19 November 2021) database was
analysed to complement the results gathered from the literature. The criteria used for
selecting the cities was defined by the CAP4CITY project partners. Each project partner
selected local cases of well-established, innovative, current, and successful SSC initiatives
covering different contexts, from Latin America and Europe. For the current study, six
initiatives from Europe and six from Latin America were analysed. The instrument used
to collect data and to describe the SSC related initiatives was based on the instrument
designed by Estevez, Lopes and Janowski [15]. The focus of analysis was on the governance
aspects including “who” participated in the initiative (stakeholders), the approach, and
best practices (evidence) to consider when developing the SSC governance roadmap.

https://www.cap4city.eu/home/
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Results. Most of the cities engaged multiple stakeholders in their initiatives and pro-
moted cooperation arrangements with the private sector, academic institutions and other
cities and countries. The majority of initiatives had the government of the municipality as
the lead organization; however, private companies, categorised as Industry, were the major
partners developing assistance roles. Regarding the approach, top-down remains the most
implemented approach. Bottom-up initiatives can be either citizen driven (in the cases of
Santiago and Montevideo), or technology pushed (in the cases of Vienna, Copenhagen,
Gdansk and Barcelona). In terms of the leading organization, most leading organiza-
tions were governmental ones, confirming one of the challenges found in the literature
that the approach to SSC implementation is, in its majority, a top-down approach [48].
Table 3 summarizes the findings and presents some key aspects to consider for the design
of the roadmap.
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Table 3. Overview of South American and European SSC initiatives.

SSC Initiative Approach Stakeholders (L = Leader
P = Partner) Evidence/Best Practice for the Roadmap

Vienna Bottom-up; Top-down

Government: 2 L 15 P
Industry: 3 P

Academia: 6 P
Non-governmental

organization (NGO): 3 P

Strategy definition; monitoring and assessment
process; cooperation between science, public and

private sectors; living labs

Copenhagen Bottom-up; Top-down Government: 1 L 2 P
Industry: 1 P Academia: 2 P

Integrated city data exchange; energy insight
allowing households and business to see how

much energy they use

Tallinn Top-down Government: 1 P
Academia: 1 L 1 P

Environmentally friendly and smart automated
public transport

Helsinki Top-down Industry: 2 P
Academia: 1 L 1 P

Innovative public transport; research on the
applicability or usefulness of self-driving buses

for last mile transport

Gdansk Bottom-up Industry: 1 L 14 P
Academia: 7 PNGO: 5 P

Integration and coordination platform for urban
systems to build applications across urban

systems; methodologies and tools for creating
real-time collaborative applications

Barcelona Bottom-up; Top-down

Government: 2 L 10 P
Industry: 12 P
Academia: 5 P
NGO: 1 L 10 P

Strategy definition; new municipal government
data model; CityOS; clear definition of roles and

responsibilities; Chief Data Officer
(CDO) position

Buenos Aires Top-down Government: 1 L 2 P
Industry: 2 P

New ways of thinking about public transport;
public bicycle transport system individual and

free to local citizens with online registration

Curitiba Top-down
Government: 1 L 3 P

Industry: 2 P
Academia: 1 P

Urban development oriented to public
transportation and resilience;

innovation ecosystem

Santiago Bottom-up
Government: 1 L 2 P

Industry: 1 P
Academia: 1 PNGO: 1 L 2 P

Exhibitions where companies, innovators,
municipalities, universities, and small and

medium enterprises (SMEs) participate, present
their products and SC services; work for the

development and massification of
technology in Chile

Bogotá Top-down Government: 1 L 1 P
Connectivity deployment initiatives; digital
government consolidation actions; citizen

innovation initiatives based on ICT

Panama City Top-down
Government: 1 L 2 P

Industry: 1 L 1 P
Academia: 1 P

Observatory of performance of the information
technology (IT) sector, research and

development (R&D) laboratory; instruments
capable of transcending governmental changes

Montevideo Bottom-up

Government: 3 L 3 P
Industry: 1 P

Academia: 1 P
NGO: 3 L 2 P

Interventions and applications systems initiated
by citizens; availability of public open data

inspired the creation of public solutions

Source: own elaboration based on CAP4CITY project database (internal document)

2.4. Step 4: Designing an Actionable Research-Based Roadmap and Practical Recommendations

Method. The roadmap was created based on the key governance factors identified
in Step 2 of the research design and the evidence collected from the initiatives in Step 3,
which were combined and described as “conditions” to develop SSC. The first version of
the roadmap was validated through two workshops in Bogota and Medellin, Colombia
(organised by the CAP4CITY project) and through one online questionnaire following
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guidelines of Bradburn, Sudman, and Wansink [49]. The link was sent to the CAP4CITY
project members, and 15 participants provided their feedback. Afterwards, a new version
of the roadmap was proposed, which was presented and discussed in two workshops
at international conferences (DG.O in June 2019 in Dubai and EGOV-CeDEM-ePart in
September 2019 in San Benedetto del Tronto), attended by 15 and 10 participants, respec-
tively [1]. Finally, another version of the roadmap was created and reviewed online by
11 experts from 8 countries (Argentina, Brazil, Chile, Colombia, Germany, Greece, Mexico
and Spain) in June 2020. The previous versions of the roadmap provided the basis for the
proposed SSC governance roadmap, which is described through phases, conditions, and
steps in Section 3.

3. Constructing and Discussing the Smart Sustainable City Governance Roadmap

The resulting roadmap contains 11 key governance conditions for developing strate-
gies for smart sustainable city initiatives that were classified into three main phases:
(1) planning (preliminary activity); (2) implementing (development of initiatives); and
(3) adopting, monitoring, and evaluating (follow-up). Each key condition is explained by
some steps or recommendations; however, we highlight that the process of developing
smart sustainable city initiatives follows a continuous and flexible approach, being com-
prised of non-specific key conditions that can be adapted according to the city context.
Therefore, the linearity of the described conditions is a conceptual simplification. The
roadmap is illustrated in Figure 3, and the key conditions are described below.
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3.1. Awareness on Current State

The roadmapping key conditions vary according to the approach used, but two defini-
tions are strongly recommended: the identification of the current position and the definition
of the ‘desired situation’, resulting in a gap analysis that serves as input for planning ac-
tions. Awareness on the current state is achieved by the conditions: 1.1 define stakeholders,
1.2 understand the context, 1.3 needs assessment and 1.4 risk assessment and management.
Defining stakeholders refers to the identification of internal and external actors, since
involving groups of stakeholders in smart city projects is important for the success of the
initiatives [50] and to guarantee a multidisciplinary background. Critically understanding
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the context includes the analysis of the political situation, societal problems, and local
governance challenges; mapping of solutions and capabilities in place; understanding
organizational structure, processes, and interactions; and external environmental scanning
with stakeholders. Needs assessment reflects the perception of importance of the local
needs, which may set the aims and values of the initiatives. Those are often related to
social drivers, which include living aspects such as community needs and public provision
of urban services (e.g., safety, culture, and recreation) [8,48,51,52], innovative healthcare
and sanitation facilities, education facilities to elevate the literacy rate and to generate
workforces [53–59], as well as accessibility and social inclusion initiatives to minimize a
digital divide. That aspect is also strongly related to the sustainable concept of smart cities,
in which the needs of the present should be addressed without compromising the ability of
future generations [60]. Finally, risk assessment and management relate to learning from
previous errors and assessing possible risks [61], including technology, organisation and
external environment-related risks [62].

3.2. Strategic Planning

One of the findings of this study relates to the importance of developing strategic
planning for SSC implementation. Taking the examples of the analysed cases, Barcelona
and Vienna have a defined smart city strategy, containing the city vision, plan of actions,
assessment criteria, etc. Therefore, planning for the desired situation condition is achieved
by the conditions: 2.1 develop a vision for smart sustainable city development, 2.2 plan
human resources capacities, 2.3 plan infrastructure, 2.4 define a financial plan, 2.5 plan
partnerships, and 2.6 seek for approval and commitment. Developing a vision for smart
sustainable city development relates to setting the workplan and defining medium and
long-term visions. Since the lack of capacity planning and lack of human capacity have
been identified as barriers for SSC development, projects should be analysed thoroughly
well before their initiation. Initiatives should have roles and responsibilities defined
and documented to set expectations, including a leader responsible for promoting and
monitoring the initiative’s performance. Those aspects are to be addressed in the planning
human resources capacities. Regarding the planning of infrastructure, this will vary
depending on the context of application, since cities in more developed economies tend
to have the basic infrastructure for implementing SSC in place while cities in developing
economies may need to invest more in technology to implement such initiatives. It is also
important to plan the strategies to integrate existing technologies [63].

Related to the economic challenges identified in the literature and case studies, defin-
ing a financial plan is necessary due to the high costs of urban infrastructure for SSC
development (including both operational and maintenance). Therefore, prioritising in-
vestments to balance hard infrastructure (physical, hardware, sensors, systems) and soft
infrastructure (capabilities) [64] is recommended, as well as seeking funding and investors
through partnerships [15,23,48,65–69]. Partnerships between public and private organi-
zations should be planned already in the early stages [4,67,70], as well as promotion of
alliances, in particular between emerging industries [71,72]. Finally, seeking stakeholders’
approval and commitment (political, societal, business, etc.) is another important recom-
mendation, which includes ensuring the strategic ambition is supported by long-term
policies [55,72,73] and that cooperation across organization boundaries is established for
the implementation of SSC initiatives [74].

3.3. Defining Assessment Criteria

Still under the planning phase, cities should define the assessment criteria to be used
in the monitoring and assessment of SSC initiatives. According to Caird and Hallett,
developing effective approaches for city measurement is very challenging, requiring a
clear definition of the evaluation process [75]. Therefore, the defining assessment criteria
condition is achieved by: 3.1 define key performance indicators (KPIs) (what will be
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checked), 3.2 define assessment tools (how the KPIs will be checked), and 3.3 define
performance evaluation plan (who will check the KPIs and when).

Regarding the definition of KPIs, the targets must be defined in order to monitor the
progress of initiatives [72,74]. Huovila et al. [76] in their study provided a summary of
indicators on SSC. According to the recommendations of the ITU-T Focus Group, Focus
Group on Smart Sustainable Cities (TR on “Key performance indicators definitions for
smart sustainable cities”) at least six dimensions should be considered, namely, information
and communications technologies, environmental sustainability, productivity, equity and
social inclusion, quality of life, and physical infrastructure. That step is followed by the
selection and use of compliance and monitoring and assessments tools to achieve the
main evaluation goals. The literature presents a huge range of smart sustainable cities
assessments [77], but a lack of standards. Some SSC assessment tools and frameworks
are focused on sustainability indicators, others in emerging technologies; however, when
assessing the SSC, both aspects should be integrated [64,76]. In addition, cities can use
the Sustainable Development Goals indicators as a reference to create KPIs to monitor the
progress of SSC initiatives. Finally, setting up a plan includes defining responsibilities
(who) and the timeframe (when) of the performance evaluation to take place.

3.4. Managing Policies

Establishing supportive government policies and ensuring political will are key aspects
of implementing smart sustainable city initiatives due to the current ineffectiveness of
policies. The managing policies condition is achieved by conditions: 4.1 identify existing
policies and 4.2 review, update, create, integrate, and evaluate policies. Identifying existing
policies is the first step, due to the multiplicity of policies and programs in different levels
of government (local, regional, national) [59,78–81] and to ensure alignment between them.
Addressing sustainability challenges requires a holistic and cross-sector policy approach
to ensure the balance between economic, social, and environmental aspects, and being a
governance-related issue, requires the right instruments to ensure policy coherence [82].
Therefore, for creating policies, a multidisciplinary team should be involved to understand
the context-related challenges [83]. Finally, the process of creating policies should not be
centralised; the adoption of participatory governance paradigms (e.g., joint-up governance,
network governance) as well as collaboration across government departments and agencies
is recommended [84].

3.5. Defining Management and Governance Arrangements

Cities’ lack of proper planning, strategy definition, monitoring and assessment prac-
tices can be a consequence of the lack of project management practices [8,85]. This condition
is defined by conditions: 5.1 establish a governance model and 5.2 manage capacities. The
governance model is defined by the clear definition of roles and responsibilities and may
include the designation of a leader (also denoted as champion) to promote and supervise
the SSC initiative [28,71,74,81,86,87]. One of the findings of the case analysis is the risk of
discontinuity of initiatives in the next municipal administration. Therefore, it is important
that the assignment of responsibilities is within the civil service to avoid transitions of
political leadership resulting in the end of an initiative [88]. Considering that frequently
the administrative structure of cities is organised in isolated silos (operational nodes), the
governance arrangements should ensure internal coordination and cooperation within
the city’s agencies [48,74,89,90]. Enabling of information sharing and integration between
municipal agencies is crucial for a collaborative governance [91].

Managing capacities is a transversal aspect for initiatives in the different sectors, includ-
ing human resources management, infrastructure (urban resources) management and finan-
cial management. From an economic point of view, an important enabler is related to an
effective management of urban resources [92], which aims to avoid waste and to maximise
economic benefits. Other authors have called the sustainable management of resources as a
Circular Economy [54,93] or Collaborative Consumption [93]. Ramaswami et al. suggested
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multisector synergies for resource efficiency [94]; the authors explained that cities must
increase their efficient provision of resources, as citizens are increasing their consumption;
however, this provision should not come from one single provider, and cities should create
opportunities for systemic multisector interventions. Regarding the financial capacity, the
high costs of urban infrastructure for SSC development (including both operational and
maintenance) was strongly stressed by academics [17,66–68,95–97]. The lack of funding and
the challenge of attracting investors are key issues [15,23,48,65–69]. In addition, authors
have criticised the imbalance between investments regarding hard infrastructure (physical,
hardware, sensors, systems) and soft infrastructure (capabilities) [64].

3.6. Engaging with Stakeholders

SSC is an interdisciplinary concept that connects different disciplines and multi-
ple stakeholders. Engaging with stakeholders is achieved by the recommendations of:
6.1 engaging citizens, 6.2 engaging internal stakeholders and 6.3 engaging external stake-
holders. Besides the social implications, engaging with stakeholders may tackle economic
challenges by promoting innovative ecosystems and creating living and urban labs to help
the development of smart sustainable cities initiatives, as reflected in the cases of Vienna
and Curitiba. Urban labs have the potential to co-create value engaging users in research
and development (R&D) [98] and provide an infrastructure for knowledge exchange and
learning between all these actors [99,100]. The use of crowdsourcing is also an alternative
way to foster urban innovation as it helps to generate new ideas serving as an engage-
ment platform [65,71,101–104]. Stakeholder collaboration can be internal (cross-sector) or
external, resulting in partnerships and approaches such as the “triple helix model” (public–
private–academia partnership) or even the “quadruple helix” (public, private, university
and citizens) [6]. A model for stakeholder engagement was suggested by Ibrahim et al. [86].

In particular, the engagement with citizens can be facilitated by online tools but also in
traditional offline initiatives, which requires creating mechanisms to allow citizen participa-
tion and co-creation besides defining a clear communication plan. Since public participation
is a crucial aspect for the sustainable development of a city, it is important to understand the
reasons for participation or non-participation of citizens in local initiatives [78]. In addition,
authors have stated that smart sustainable city initiatives should be transparent [17,48,94],
make use of open government approaches [48,71,105,106] and should empower and engage
citizens with the design of (interactive) services [18,71]. These aspects are reflected in the
case of Montevideo, in which the availability of open data facilitates interventions and
applications systems initiated by citizens in a bottom-up approach. Engaging internal
stakeholders can be also understood as cross-sector collaboration and can be facilitated
using coordination mechanisms, requiring the establishment of horizontal structures, to
foster collaboration. Strategy definition could facilitate the work between multiple stake-
holders [72] and help create synergy among different city departments [71]. Engaging with
external stakeholders relates to the establishment of partnerships to avoid isolated silos
(structures), promoting cooperation and coordination between organizations. This requires
a partnership overview, the definition of the legal framework and consideration for the
strategic alignment. Furthermore, the use of formal / ad-hoc forums is recommended
to map conflicts, and the adoption of techniques to prepare and provide training to city
partners [72]. Finally, it is important to consider how to manage stakeholders and how
to motivate them to “work collaboratively” in the development of long-term initiatives,
as illustrated in the case of Gdansk, by developing methodologies and tools for creating
real-time collaborative applications.

3.7. Managing and Governing Data

Another key finding relates to the importance of data for smart sustainable cities de-
velopment. Therefore, managing and governing data is achieved by conditions: 7.1 ensure
appropriate data management, 7.2 establish data governance strategy and 7.3 define se-
curity and data privacy policies. The need for data sharing across different systems was
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strongly stressed by the literature [9,104,107]. Nevertheless, there are some challenges to
overcome to make efficient use of the data. Data management comprises some technical
aspects in terms of collecting, normalising (modelling imperfect data), and processing data
to transform it into knowledge. In addition, it includes ensuring real-time data analytics,
and interoperability of systems that should be capable of aggregating information coming
from several systems and devices, which is illustrated by the cases of Gdansk and Copen-
hagen. The lack of data quality can affect data-based decision making and, consequently,
the performance of urban services [108].

Some scholars also stressed the urgency of an “enterprise data management” in the
public sector [109], and the importance of observing roles and responsibilities related to
data management [110]. In this sense, questions as to who owns the data, which data
can be used, and who is responsible for ensuring data quality should be addressed under
the data governance strategy. Data governance means defining which data should be
used, when and by whom, defining who is the data owner, ensuring compliance with
data protection regulations and data privacy policies. In this sense, Barcelona has de-
fined a municipal government data model, in which there is a clear definition of roles
and responsibilities, and the establishment of a Chief Data Officer (CDO) position. More-
over, as more and more systems are (or should be) connected, more data is exchanged,
consequently increasing the need for ensuring systems’ security and protecting sensitive
data [55,71,72,79,105,111,112]. In our literature review, several scholars mentioned the
risk of threats from hackers, viruses, and privacy violation. Analysing privacy from a
different perspective, Bennati and Pournaras [111] stated that big data and IoT are usually
“privacy-intrusive” resulting in the feeling of surveillance that could have a negative effect.

3.8. Setting up the Infrastructure and Integration

The implementation phase of smart sustainable city initiatives also involves the con-
figuration of the technological infrastructure and integration with existing solutions and
architecture. Thus, this condition is achieved by conditions: 8.1 implement the infras-
tructure of systems and devices and 8.2 ensure interoperability and systems integration.
Concerning ICT, many academics have highlighted the complexity of ensuring connectivity,
lack of operational integration, lack of systems interoperability, and data related issues. Dis-
ruptive technologies like big data through an IoT, and big data processing through AI bring
emerging promises for a city’s design and management [113]. Allam and Dhunny [112]
mentioned several applications of AI that could benefit from the development of SSC,
such as AI for education, environment, health care, policy, mobility and sustainability.
Moreover, authors have mentioned the application of advanced ICT and developments
in remote sensing, which allows the usage of satellite data for monitoring cities almost
in real-time [48,114–118]. However, in order to benefit from the use of those emerging
technologies, cities should have a robust infrastructure of systems and devices that are
able to capture, process and spread data within different sources [71,97,119], and physical
infrastructure integration—optical networks to support the communication of different
data centres. Concerned with the importance of “connectivity”, Zhang et al. [92] focused
their work on the design of optical networks to support the communication of different
data centres aiming to enhance network controllability, flexibility, and to reduce the cost of
operational management, an aspect also addressed by the Bogotá case with connectivity
deployment initiatives. In addition, it is important to use open sources, to facilitate the
interoperability within systems and to avoid vendor locker. Some challenges related to
this condition include technological obsolescence and the need for upgrading infrastruc-
tures [15,23,66,68,93,98,107,120–122]. Another aspect is the risk of vendor “lock-in” due to
the use of proprietary software that makes the customer (in this case the city) dependent
on the vendor or service provider [8,68,120].
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3.9. Delivering and Disseminating Initiatives

After the initiative implementation and integration to the existing environment, this
condition aims at delivering and communicating the new or updated solution or initiative
to ensure its adoption. This condition is achieved through 9.1 establish good internal and
external communication. During the validation process, one of the experts suggested that
this phase should be focused on the “appropriation” of the solution, in order to obtain its
benefits. Cities should communicate about the initiatives using different channels to ensure
social inclusion. Furthermore, to deal with multiple stakeholders (including citizens),
establishing good internal and external communication [85] and feedback channels [71]
is necessary. Therefore, it is important to investigate the communication methods being
used by cities and their effectiveness in the governance process of SSC initiatives [78]. To
promote the initiatives in the Santiago case, exhibitions were established where companies,
innovators, municipalities, universities, and SMEs participated to present their products
and SC services.

3.10. Managing Education and Users’ Training

The lack of capacity building, including a lack of investments in skills development,
training, and education is one of the main identified barriers for the successful development
and adoption of smart sustainable city initiatives. This condition is achieved through
10.1 manage education programs and 10.2 provide training for users. To ensure that
capacity building occurs along with public sector innovation, cities should plan resources,
including human resources and education programmes to implement sustainable initiatives.
In addition, Yarime [104] highlights the need for creating capacity for data management.
The lack of information technology (IT) knowledge is considered as a capacity issue, thus,
it is a governance-related aspect. Besides the need of an operational IT workforce, scholars
have described a lack of IT knowledge among public authorities and policy makers [123] for
helping with digital transformation and identifying new ways to deliver urban services, as
in the cases of Buenos Aires, Panama City, Tallin and Helsinki. Another benefit of providing
users’ training activities is to minimise the risk of a digital divide.

3.11. Monitoring and Assessing Initiatives for Continuous Improvement

The development of smart sustainable city initiatives requires continuous improve-
ment by monitoring the progress of all phases, and collecting, and sharing information
within their realisation. This condition is achieved by 11.1 performance assessment and
11.2 feedback analysis and knowledge creation. The performance assessment is based on
the criteria defined in condition 3 (defining assessment criteria) of the planning phase.
Considering the importance of citizens’ engagement in SSC, they should be strongly in-
volved also in the evaluation of the initiatives. Cities should have a dedicated team or
organization responsible for the “monitoring” of SSC initiatives and they should ensure
the use of compliance and assessments tools [124]. Good practice examples can be taken
from the Barcelona and Vienna cases, as both cities have an organization responsible for
smart sustainable city related initiatives and projects. Knowledge creation is also part of this
condition, as the idea is to collect user feedback, and to document the lessons learnt from
existing initiatives; however, it is worthy of mention that if the city makes use of feedback
channels, then public administrations should be able to reply and attend to requests under
a predefined service level agreement.

4. Conclusions
4.1. Practical and Research Implications

The first three steps of this research allowed for the identification of antecedents that
may hinder or facilitate the development of SSC initiatives with a focus on the governance
elements to ensure their long-term impact. The analysis of results suggests that a smart
sustainable city is indeed a connection between the five dimensions, i.e., social, economic,
environmental, governance and urban infrastructure, included in the conceptual framework
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proposed by Azambuja et al. [16] and discussed in Section 1.1. Therefore, all the aspects
of SSC are connected and all dimensions should be balanced to reach sustainability. The
mindset should be towards a “whole city” [74], since isolated initiatives can contribute, but
long-term impacts would be maximised by addressing the strategic vision of a city together
in order to became smarter and sustainable.

The fourth step of this research elaborated on the SSC governance dimension resulting
in a roadmap describing 11 key governance conditions for developing strategies for smart
sustainable city initiatives. The roadmap is divided into three main phases, moving from
the planning phase, as a preliminary activity, to the implementation of initiatives, and
finally to the adoption and evaluation phase. The roadmap can be used to guide initiatives
in different levels of development and therefore can be initiated in any phase or condition,
in a recurring way. Since the process of developing smart sustainable city initiatives follows
a continuous and iterative approach, in each development loop the governance capacities
are enlarged. This study also generated several insights for a future research agenda on
SSC, which have been translated into actionable research-based practical recommendations
that can possibly lead to improvements on smart sustainable city governance capacity
as follows:

• Urban/Local planning: define city/initiative strategy, considering a shared vision
with stakeholders to promote city attractiveness and competitiveness, accessibility,
and social inclusion, as well as environmentally friendly initiatives.

• Adaptive governance: analyse current situation, adapt to the context, allowing for
flexibility and responsiveness to local challenges and needs.

• Leadership and proactive behaviour: define a dedicated organization, department, or
person for promoting and supervising initiatives, and ensure urban proactiveness for
service provision.

• Citizen empowerment: provide interactive and participatory services, promoting
co-production, co-creation, and bottom-up approaches.

• Stakeholders’ engagement: ensure internal (cross-sector) and external collaboration,
including public–private partnerships enabled by information and knowledge sharing
and appropriate communication channels.

• Resources: appropriate planning and management of infrastructure, financial and
human capacity in a sustainable way.

• Data Governance: ensure appropriate management of data, with focus on the defi-
nition of data quality, data sharing and data privacy policies to enable data-driven
decision-making and availability of real-time data.

• Governance arrangements: ensure clear definition of roles and responsibilities towards
collaborative decision-making and participatory governance models.

• Institutional/organizational framework: establish supportive government policies, en-
sure political will, synergy among different city departments, policy alignment across
government levels, internal coordination and align and manage conflicts of interests.

• Regulatory framework: establish a comprehensive regulatory framework, including
norms, laws and directions for integrated solutions and ensure data protection, privacy,
and security.

• Open Government and social responsibility: ensure transparency and openness and
increase citizen awareness.

• Digital skills: strengthen access to training and education programs to increase IT
knowledge among city planners and operational capacity, including IT skills, artificial
intelligence, big data, networks, and security.

• Monitoring and evaluation: define KPIs and ensure the use of compliance and moni-
toring/assessments tools.

Thus, this study has the potential to help different stakeholders, such as decision
makers, public administrators, and practitioners in the identification of sustainability
challenges and governance aspects to be considered when developing SSC initiatives that
can generate long-term impact.
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4.2. Limitations and Future Research Directions

Some limitations of this study should be acknowledged. First, the data collection for
the development of the roadmap was performed in May 2019, including the systematic
literature review and the analysis of the initiatives; however, for the systematic literature
review, the authors verified a sample of 20% additional papers published up until October
2021 and no additional drivers or barriers were found, meaning that the study reached data
saturation [125]. Thus, we may argue that the timeframe for the data collection does not
affect the results of this research, confirming its relevance. Second, the authors used content
analysis and followed an existing conceptual framework to guide the identification and
classification of the phases and key conditions of the roadmap to guide the development
of SSC, covering five main domains; however, a different perspective and the adoption
of other conceptual models could indicate a slightly different set of conditions and smart
sustainable city governance guidelines. In addition, as sustainable dimensions are often
interconnected, some sustainability challenges and conditions identified in the roadmap
could also be represented by overlapping categories or phases and they may vary according
to different contexts.

We have also identified some aspects that should be further investigated. For example,
some authors argue that the ineffectiveness of policies may hinder SSC development and
in other contexts the barriers consist of the multiplicity of policies across different public
levels, e.g., local, regional, and national. We highlight that the implementation of the
roadmap for developing smart sustainable city initiatives should be aligned with existing
smart city strategies or subnational strategies to ensure their institutionalisation. Therefore,
defining the institutional framework that legitimises the development of smart sustainable
cities, ensuring policy alignment across government levels, will improve their sustainability
in the long-term. Another important contribution is that investments in emerging technolo-
gies should be accompanied by capacity building, since the lack of investments in skills
development, training, and education is one of the main identified challenges. Governance
capacity is often neglected by public sector innovation, despite being a crucial element
to achieve sustainable benefits. Cities should invest in human resources and developing
digital skills, for instance by supporting education programmes to implement sustainable
initiatives. Furthermore, it is important to investigate if the universities are ready to address
the transformation occurring in cities [20]. Thus, a next step of this research consists of
using the roadmap as a basis for developing curricula for tackling the required competen-
cies for smart cities and sustainable development. Finally, this research provides the basis
for common understanding and action, by revealing the main phases and conditions for
developing smart sustainable city initiatives and guidelines for strengthening the gover-
nance capacity needed to address the sustainability challenges, and to ensure long-term
impact of the solutions. Additionally, as a design-science-based research, the innovation
processes (conditions) continue to evolve once the roadmap (artefact) is evaluated in prac-
tice as part of the design cycle [43], therefore, multiple case studies are foreseen, in which
the roadmap will be used for building and evaluating smart city initiatives, which may
generate additional insights about local governance and sustainability challenges.
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