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ABSTRACT
Smart City emerged as a reference concept to shape the city of the future, mainly by strengthening the 
connections between grids, Information and Communication Technology (ICT) tools, governance and 
people. ‘Smart’ refers to the potential benefit that is derived by adopting ICT to face the increasing 
complexity of city growth, which involves multiple urban scales, a number of different players and a 
variety of regulatory frameworks, as shown by several experiences worldwide in the past few decades. 
Compared to the potential that is expected to be fuelled by hyper-connected devices in delivering an 
efficient and optimized configuration of the urban eco-system, the architecture of the city seems to 
have been relegated to the background. Facilitating an integrated management of the urban dynamics 
on both a large and a small scale is a key challenge. This means that the cross-related effects of deci-
sions and behaviours must be identified, mapped and analysed considering their relations, reciprocal 
influences and conflicts. Although an effective ICT infrastructure should facilitate this purpose, the 
number of variables to consider is enormous, due to both top-down and bottom-up strains, which can 
act simultaneously on a large palette of fields, with multiple and combined issues as well. In order to 
design a model on which a tool for management can be built, a simplified scale of analysis is needed: 
the ‘district’ seems to represent an acceptable intermediate portion of the whole city where local and 
global phenomena can be observed from a perspective of their interferences and potential synergies. It 
often also corresponds to an administrative entity as well as to a structured place recognized by citizens 
and inhabitants. This article reports on a study conducted in the city of Bologna by a team of research-
ers of the University of Bologna – Department of Architecture. The study aimed at supporting the 
municipality in defining effective strategies to implement the Smart City Vision by a set of coordinated 
actions of regeneration at district level. The research aimed at coupling holistic design principles and 
the typical ICT platform architecture into an inter-operable tool that could enable the management of 
the key features of a district in separate layers, supplemented by different data sets. A significant part 
of the research has been devoted to identifying the variables involved and defining the methodology to 
process them, according to the most up-to-date shared definitions and indicators.
Keywords: built environment, energy efficiency, multi-layer design, smart city, smart district, urban 
regeneration.

1 INTRODUCTION
In the recent past, the Smart City (SC) concept has emerged as a possible answer to world-
relevant challenges most metropolitan cities are facing at different levels [1, 2]: massive 
urbanization, increase of demographic pressure due to migration flows, CO2 emissions and 
economic and social constraints as never before [3–9]. As pointed out by several stud-
ies [1, 3, 10, 11], the smart city paradigm and the extended use of ICT tools are often adopted 
to facilitate coordinated and more sustainable actions [3, 5]. Despite the rapid progress 
achieved in this field, a shared and common definition of an SC is still missing [5, 12–16]. 
This prevents a clear understanding of the potential hidden behind the supporting tools to 
foster the transition process and to coherently create effective synergies when adopting smart 
building and smart city solutions to shape the architectural landscape of the future.

The article aims to identify some recurring key concepts/themes describing the SC notion 
in scientific literature and in recent/ongoing research projects. This provides a reference to 
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define the main layers of a multi-criteria platform to be used for supporting the application of 
ICT tools in the design process of effective actions, especially on a district scale assumed as 
an intermediate scale where urban transformation and transition processes are usually carried 
out. The article reports on the results of a study developed by the Technology Research Team 
of the Department of Architecture at the University of Bologna aimed at supporting the Bolo-
gna Municipality in defining effective strategies at the district level, by performing separate 
but coordinated regeneration actions within the framework of the general Smart City Vision 
[17]. Although the district, as a pilot dimension for testing solutions, has been widely dis-
cussed [18, 19] including several potential features (geographical, social, administrative, 
functional) that are suitable to define it, the research assumed the district as an intermediate 
urban dimension that is recognizable to its citizens [19]; having a minimum physical dimen-
sion for implementing projects; having a relevance compared to the whole city and being 
mainly devoted to a specific function (e.g. residential, commercial, etc.). A considerable por-
tion of the research has been devoted to delivering a state of the art – which is reported in the 
first part of the article – in which a comprehensive perspective of the key concept definitions 
has been provided, aiming at bridging the gap between their meaning and understanding. On 
this basis, a methodology has been developed to assess the level of ‘smartness’ that may 
characterize an urban situation and its potential improvement by specific regeneration actions 
assumed as tools to revitalize the spatial, social and economical dimensions of the site [20].

Since the research aims to couple the holistic design principles and the typical ICT plat-
form architecture into an interoperable tool, the key district features have been referred to 
separate layers, fed by different data sets in order to facilitate the management of the complex 
interaction given by the wide range of variables involved in the process.

2 BACKGROUND AND ASSUMPTIONS

2.1 General framework

To support the fulfilment of EU directives 31/2010 (Directive 2010/31/EU of the European 
Parliament and of the Council of 19 May 2010 on the energy performance of buildings) and 
27/2012 (Directive 2012/27/EU of the European Parliament and of the Council of 25 October 
2012 on energy efficiency) the city developed and adopted the Bologna Adaptation Plan in 
2015 [21]. A number of ICT-based solutions were implemented accordingly in order to 
achieve the Bologna Smart City Vision. Thus, the first step in the research was to obtain a 
clear definition of the smart city concept [14, 16, 22].

The debate on the notion of ‘smart’ dates back to the late 1980s and early 1990s with the 
advent of the information age. On the one hand, it was the integration of ICT-based tools to 
trigger the idea and on the other defining the concept of useful, simple and cheap methods 
associated with the term smart [5]. According to Nam and Pardo [14], it seems to be generally 
accepted that the aim of smart growth is to combine economic and social issues with sustain-
able urban development, by a process where ICT plays the key role of enabler. Then, the 
smart city topic’s strong bond with technology started to be more and more coupled with 
sustainability issues, [3, 23] especially dealing with climatic and social challenges [2]. Some 
research [1, 24–27] highlights these aspects, pointing out the importance of cross-cutting 
strategies to meet the present urban challenges [28]. Facing the multiple dimensions of the 
topic, a literature and research screening appears to be a suitable reference to establish a set 
of assumptions and definitions that reflect coherent and shared positions.
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2.2 State of art review

The state-of-art review was set up to screen research on smart cities, focusing on those that 
assumed environmental issues and climate change responsive strategies as key elements, 
which were clearly addressed as a priority by the Municipality of Bologna. A systematic 
review [29] has been performed on Google Scholar, and on Cordis, the web portal where 
EU-funded projects are collected by adopting a methodology coherent to Cooper taxonomy 
(see Table 1) [30].

The Google Scholar search included all kinds of documents (reports, theoretical analysis, 
methodologies, research outcomes, scientific papers) in a time range between 2000 and 2015 
when the smart city concept was spreading. Data from the 1990s was complemented by a 
recent study [31] retrospectively analysing the topic literature in that period. Within the time 
frame defined, the references were retrieved from the Goggle Scholar database by the follow-
ing set of keywords: smart district; smart building AND indicator; smart city AND indicator 
AND sustainable; smart building AND refurbishment; urban regeneration AND smart city 
AND sustainable; smart city AND retrofitting OR renovation OR refurbishment. The listed 
combinations produced 4,423 results, 490 of which were selected based on the relevance 
assigned to the document and excluding the following: documents containing citations only; 
patents; slide show presentations; documents not written in English or Italian; papers focus-
ing on specific engineering topics (i.e. heating systems, grids, etc.); papers concerning only 
tourist or artistic/historical or cultural heritage issues. The findings were firstly ranked in 
chronological order, to map their relevance in the evolution of the topic and considering the 
most updated trends and, secondly, in conceptual order according to the research scope.

Table 1: Cooper taxonomy applied to smart district literature review.

Characteristics Cooper’s option Adopted selection criteria

Focus Typologies of papers involved
All papers involved: theoretical, 
conceptual, methodological, case 
study

Goal Integration (e.g. bridge the gap 
between theories, etc).
Criticism (e.g. demonstrate a theory)
Central issue

Central issue. Coherent to the 
literature review scope 

Organization Data mining: chronological, 
conceptual, methodological

The data mining is developed with 
chronological and conceptual 
organization

Perspective Neutral position, espousal of a 
position

Neutral position

Audience Target of the literature review The audience is specialized 
researchers, policy makers, 
architects acting on urban context

Coverage Exhaustive, exhaustive with 
selective citations, representative, 
central, pivotal

Representative
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Time evolution of the concept – The selected references were classified according to pub-
lication date so as to analyse the emerging trends and to demonstrate that the linkage between 
smart city and district regeneration is quite recent. Until 2010, the topic was covered by only 
a few articles and papers, while a remarkable increase in publications is recorded since 2010. 
This can be explained by an increased demand from the EU and national regulations applica-
tion. Figures 1 and 2 show the increase of relevance of papers connecting smart city and 
district regeneration year by year.

Thematic interpretation - According to key words listed in each document and the recur-
rence of the string combinations in the main text, the results were assigned to 9 main 
categories: 1) case studies (reporting the outcomes of application in real contexts); 2) econ-
omy and policies (i.e. stakeholder engagement, guidelines, business models, etc.); 3) ICT/
technology (analysing the role in process implementation); 4) performance and indicators 
(descriptions of the main parameters and related derived indicators); 5) methodologies and 
models (describing analytical structure, design options, implementation models); 6) social 
involvement (i.e. creative districts, living labs, etc.); 7) theories (describing theoretical and 
position approaches, i.e. terms and concepts definitions, interpretation of trends, etc.); 8) low 
carbon transition (describing transition, adaptation, regeneration processes); 9) cousin words 
(including similar or related concepts, i.e. intelligent city, eco-city, digital city). Theoretical 
approaches are predominant, followed by methodologies and case studies. The prevalence of 
theory can be taken as evidence of the need for defining the boundaries of the topic and its 
key features. 

The relevance of case studies demonstrates the need for testing the assumption in real 
conditions, however this can vary significantly from place to place. The large number of pilot 
applications is not mutually fed by each other’s experiences thus reflecting the lack of a sys-
tematic development in the field due both to the early stage and the complexity of the issue. 

Figure 1: Time analysis of Smart City. and District refurbishment, n° of elements.

Figure 2: Time analysis of Smart City and District Refurbishment, percentage.
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The share by topic is displayed in Figure 3. The analysis shows that smartness seems to have 
two main cores: the technological component, which includes both hard infrastructure (the 
enabling systems and devices: IT, web-based) and software infrastructure), combined with 
ecological/sustainable features. The transition towards low- carbon cities involves economic 
and social growth as well as the inclusion of communities [32–34].

Document typology interpretation - The selected documents were then classified according 
to their typology (see Figure 4): books; book chapters; EU documents (official documents, 
issued by EU Institutions and governmental or official bodies); EU projects; scientific papers; 
theses (master or doctoral). The predominant typology is the scientific paper reflecting the 
need to establish a consolidated background on the topic. However, some common outcomes 
emerged. Urban development through transition towards low-carbon sustainable districts is a 
growing research topic that is closely connected to smart city issues.

The Cordis portal was searched according to the following keywords: ‘smart city’ AND 
district OR retrofitting OR renovation OR regeneration OR urban; ‘smart city’. The following 
filters were applied: research on 7th work programme AND research on H2020 work pro-
gramme; research only in PROJECTS. 25 projects, were found and further filtered according 
to the following criteria: exclusion of projects not applied to urban or district contexts; exclu-
sion of projects with educational purposes; exclusion of duplicated results. The outcomes 
were double checked with the ‘Smart City Platform’ database as an additional source. All the 
selected projects have a complex structure that was examined as a starting point for the Bolo-
gna case study and to define the multi-layer architecture of the design tool object of  
the study.

Figure 3: Thematic analysis %.

Figure 4: Product typology %.
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3 METHODOLOGY AND DEFINITIONS

3.1 Applied methodology

The massive amount of information screened and the variations in terminology and meaning 
among themes belonging to the same category made it necessary to accept a certain level of 
approximation in creating some main families in order to progress further with the research.

The key objective was to support the replacement of the conventional approach to renova-
tion of the existing stock which – being usually aimed at achieving pre-defined performance 
thresholds for each single building according to specific energy savings targets – assumes 
city regeneration processes as the collection of these single results [25, 35] and moves towards 
a more coordinated vision that adopts ICT tools and smart principles as the key enabler [36]. 
The core idea of the project is therefore to couple the holistic vision with ICT architecture in 
order to include in the interoperable platform a number of ‘layers’ representing the key 
themes and concepts on which the smart and sustainable city vision can be linked as shown 
in Fig. 5. The main problem that arose was the complexity generated by managing the whole 
process on a city scale and the lack of adequate connections while working on the scale of a 
building. Therefore, the very first task of the project was to structure the whole platform as a 
scalable tool and to fix its key element at the district scale. The complex interaction of vari-
ables and specific conditions, typically characterizing the dense urban environment, requires 
the separation of both data flows and their representation in order to provide a simplified tool 
to visualize possible conflicts or synergies and facilitate the understanding of phenomena for 
a different range of players (who are mostly non- expert users). The core idea of the research 
is to aggregate variables and data belonging to the same domain into a number of key layers 
organized into sub-categories that make it easier to filter information and browse the data-sets 
in separate or aggregated visualizations.

The methodology was developed as follows:

•	 sub-categories identification by analysing the recurrence in the screened projects and 
their definition accordingly;

Figure 5: The core idea is based on a multi-layer structure that aims to facilitate the 
management of interactions and optimize the design solutions.
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•	 application of indicators to the parameters involved, to be used to feed graphic maps rep-
resenting the related data sets;

•	 aggregation of sub-categories into key layers, to be used to display data on graphic maps 
for facilitating end-user visualization of results;

•	 definition of the platform architecture as a whole

•	 test on a demo-case and check of replicability potential.

3.2 Definition of the thematic layers

The very first problem of this approach was how to define the layers so that they could be 
general enough to be applied to different contexts but specific enough to adequately describe 
a consistent part of urban phenomena. The outcomes of the state-of-the-art review, and espe-
cially those coming from the project screening, were used to support the layer definition 
phase. Each source was investigated to select the categories used to describe the main issues 
in a smart and sustainable city perspective and definitively select the most used and recurrent 
thematic group so as to adopt shared definitions understandable to a wide range of potential 
users [24–27, 37].

Based on the different realms (mobility, energy grids, people, communication, etc.) [38] 
and according to the outcomes of the performed review results (recurrency of the theme 
in the concept definition) 5 main ‘layers’ were identified: circulation, which is closely 
connected to smart mobility and the physical infrastructure at the city and district level, 
where the smart district can be defined as an urban geographical, socio-economic unit that 
can be associated with a specific culture and identity [39]; climate conditions, which 
includes all the variables dealing with the specific characteristics of the environment (such 
as temperature, humidity, wind speed, rainfall, etc.); buildings, which represent the single 
units of the built environment and are assumed to host the ICT supported backbone con-
trolling sensors, actuators, micro-chips, micro/nano-embedded systems used to manage 
the key functionalities while collecting and filtering information locally with the purpose 
of managing aggregated data at city level according to business functions and services 
[40]; space in-between, which represents the connective fabric where most interactions 
take place; grids infrastructure, which typically refers to services and systems associated 
with the so-called smart grids. Each key layer includes a number of sub-categories in 
order to optimize the description of the combination between the variables and the deriv-
ing phenomena. All these definitions and key layers were used to define the platform 
architecture and structure with the aim of managing separate data put into aggregated 
visualization output in order to facilitate the understanding of the potential related to 
alternative renovation scenarios.

3.3 Platform structure

From a methodological point of view, the layered architecture of data is the backbone of the 
platform while the sub-categories are assumed as a set of homogeneous information.

The platform conceptual structure is designed to be implemented with new additional lay-
ers in case the complexity of phenomena requires them. Furthermore, this responds both to 
the need to use existing and already available data sets and new ones whose data can be spe-
cifically collected according to new purposes. The resulting structure is displayed in Fig. 6. 
Each key layer aggregates information concerning the sub-categories that are fed by the 
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existing database or by monitoring tools already installed or to be installed in the build-
ings and/or in the service infrastructures. When a sub-category is filled, specific descriptors 
are adopted and adequate indicators are assumed accordingly. Thus, the process works in 
two directions, one for feeding each data set and the other for putting questions to the 
system using a sub-category as a filter.

An easy example of how the structure works is offered by a very common goal of regen-
eration processes concerning the reduction of energy demand for cooling and heating.

With the aim of defining effective solutions, the key parameters are usually displayed in a 
number of data sheets, like the one shown in Fig. 7, and can be represented by a map at the 
district level visualizing homogeneous conditions according to the selected indicators.

This can be applied to each sub-category and layer providing a facilitated access to infor-
mation as well as an easy way to compare interrelated data sets. A map of the green areas can 
be easily associated with a map of air temperature (which is described by isolines) or of 
ventilation (see Fig. 8) to analyse the potential influence of green surface remodelling in the 
same zone with mitigation purposes. In this sense, the test phase on the demo-site was useful 
for studying possible interaction topics to be further developed at a future stage of the 
research. This is just one example of correlation processes, others can deal with circulation 
and mobility data, thermal behaviour of building envelopes and demand data from energy 
suppliers, etc. The key layers can be implemented according to needs; however, for func-
tional reasons the easiest way to implement the tool is to add new sub-categories with related 
details.

The platform is expected to be integrated with already existing ICT tools and software in 
order to ensure the widest compatibility and to ease data collection. The tool is intended for 
important data gathering and analysis, to include GIS-based (geographic information system) 
maps and to allow smart simulations for providing fast feedback after any changes to the 
parameter settings.

Figure 6: architecture of the tool with the key layers and sub-categories.
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4 RESULTS, IMPACTS AND REPLICATION POTENTIAL
The main results of the study deal with two different levels: on the one hand, the attempt to 
define thematic layers that represent the recurrent issues detected in the performed review in 
order to have a broad range of categories included in an easier structure to manage; on the 
other hand, the architecture assigned both to the methodological backbone and to the plat-
form itself represents a promising field of work in boosting synergies and connections 

Figure 7: architecture of the tool with the key layers and sub-categories.

Figure 8: example of wind map (b) compared with green re-design (a) of a portion of the 
urban fabric on the demo-site.
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between initiatives and solutions. The original character of the research lies in considering 
the district meso-scale in terms of renovation projection, performance level, achieved 
results, while analysing and processing data acquired on the single elements (buildings, 
green areas, circulation, etc.) composing it. This approach requires a very multi-discipli-
nary team including experts from different domains particularly regarding ICT development 
and software integration.

The research is expected to have a positive impact on the city regeneration process. In the 
short term, it will drive innovations in energy management and control technologies in the 
renovation market – which is the widest field of application from the Municipality’s point of 
view in several areas of the City – and will increase the key player awareness thus generating 
a greater demand for both innovative, retrofit solutions (e.g. insulation, ventilation, water sav-
ing, etc.) and training and support services for building managers [37, 41]. In the medium 
term, although it might be randomly replicated in different sectors of the city according to the 
dotted nature of investments and to the emerging needs, it will direct the processes into a 
coordinated vision drafted following the pattern designed by the thematic maps of each layer 
like pieces of a single mosaic. The main barrier to speeding up the process is the lack of 
resources available to plan interventions in the long-term perspective that usually lead to 
single isolated initiatives rather than to larger portions of the city. The ownership regime is 
also a critical element that hinders coordinated decision-making processes. However, the 
very active cooperation with the Municipality of Bologna is a promising premise in order to 
successfully overcome procedural and contextual barriers and to boost tool adoption and use 
by the key players involved.

5 CONCLUSIONS AND DISCUSSION
This multi-perspective approach is a response to what the City of Bologna, as problem owner, 
profiled when asked to facilitate the cooperation between all subjects – from suppliers to citi-
zens and communities – in order to optimize energy efficiency measures, find adaptable 
solutions and increase the overall quality at district level according to a coordinated vision 
[37, 42–44]. The envisaged methodology requires a constant updating of the key parameters 
(i.e. building features concerning both the construction system and equipment, site features, 
relation with neighbouring buildings, circulation, connection to grids, etc.) as well as the 
protocols for data acquisition. A circular check process is used to assess the effect each tech-
nical solution to be implemented may produce according to pre-defined targets of performance 
and quality. The platform is therefore the first application of the methodology and, at the 
same time, the tool to check its coherence and reliability. The next steps will be the imple-
mentation of the demo-cases and the related extension of platform functionalities according 
to the envisaged multi-user perspective. The ambitious character of the research requires 
several intermediate evaluations to allow the development of each single phase according to 
a circular checking process. In addition, each single stage is planned separately according to 
budget availability so as to ensure the advance of the research.

The originality of the research is indeed mostly connected with its multi-criteria and multi-
user dimension, which are closely connected to the core concept of scalability that was 
assumed in the very early phase of the project conception as the key element to satisfy the 
replicability of the methodology either in several parts of the city or in other cities with dif-
ferent contexts and size. This represents a crucial element for defining adequate pathways to 
replicate the process elsewhere and for driving the platform structure to further implementa-
tions – not simply referred to the potential additional layers, but mostly to new potential 
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applications dealing with the smart dimension, which will require a constant exchange of 
information between the real and the virtual realm in shaping the cities of the future [45].
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