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Abstract: The Horizon 2020 framework programme is defining funding strategies for research and
innovation projects in European cities and promoting policies and solutions for the transition to a
competitive energy system at an urban scale. Given that Horizon Europe, thanks to the Driving
Urban Transition Partnership, will fund RD&I projects regarding transitions to urban sustainability;
how municipalities will implement different strategies is a relevant key to developing replicable
models. We conducted this study on Italian cities through a mapping exercise on selected case
studies. The aim was to provide a knowledge framework to municipalities undertaking sustainable
urban development actions. We selected case studies based on energy efficiency in buildings, both in
retrofits and new constructions. This highlighted how the adoption of multifaceted technological
solutions blended well with each other, and led, not only, to satisfy the initial requirements, in
terms of expected impacts from the single actions, but also provided relevant and replicable samples.
For this, the analysis of solutions tested by different municipalities in the selected projects led to
spreadsheets and indicators related to energy efficiency in buildings, which enabled a transition
to a PED, which could facilitate an understanding of elements that must be clearly indicated in a
preliminary design document (Directive 2014/24/UE).

Keywords: positive energy district (PED); enabling solution for PED transition; energy efficiency in
buildings and real estate

1. Introduction
1.1. Smart Cities and Positive Energy Districts: A European Commission Point of View

With the framework programme H2020, the European Commission, based on the Mar-
seille and Toledo Declaration, council conclusions, opinions and the EU urban agenda [1–14],
is defining funding strategies for cities addressing actions and programmes for sustainable
urban development. Indeed, rapid population growth, deterioration of suburban areas
and social inequalities, together with the increase in citizens’ expectations of the quality
of life and supplied services, make sustainable development policies a relevant key for
energy saving and for the social participation of citizens. These topics have become the
main focus in urban areas through promoting the transition to a competitive energy system
based on several specific actions: reducing energy consumption and carbon footprints,
supplying low-cost and low-carbon power, employing alternative fuels and mobile energy
sources, employing a single and smart power network, researching new knowledge and
technologies, sound decision-making, public commitment and an energy and ICT inno-
vation market with capacity absorption [15,16]. Therefore, the attention on sustainable
development drove, on one hand, to smart cities, and on the other, to PEDs (positive energy
districts) [17,18].
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Urban areas are indeed the main causes of climate change, and each action municipal-
ities undertake for the future development of the city should contribute to characterize a
positive global change. For this, municipalities play a key role in planning and decision-
making for sustainable urban development [16].

It is clear that it was thanks to the cited documents that the European Commission
developed an appropriate funding strategy to support sustainable development and sus-
tainable urban areas. It is thanks to the contribution of a various set of stakeholders, such
as the EERA Strategic Energy and Technology Plan (SET Plan) [19], JRC [20], IEA [21],
JPI UE [22], the European Commission individuates, in the Horizon Europe framework
programme that funding for urban sustainable development, with the Driving Urban
Transition Partnership, has been directed towards positive energy districts, which represent
one of the three pathways to facilitate urban transition [23].

The SET Plan, adopted by the European Union in 2008, was a first step to establish an
energy technology policy for Europe; it was Europe’s technology response to the challenges
of meeting its targets on greenhouse gas emissions, renewable energy and energy efficiency.
The integrated SET Plan identified 10 actions for research and innovation. The actions
address the whole innovation chain, from research to market uptake, and tackled both
financing and regulatory frameworks. Among the actions was Action 3.2, which stated,
“Europe to become a global role model in integrated, innovative solutions for the planning,
deployment, and replication of positive energy districts” [17]. The implementation plan,
which was edited by smart cities and communities, focused on PEDs’ requirements, such as
an open innovation model for their planning, deployment and replication. In the TWG 3.2
implementation plan, cities were identified as the stakeholders who need to take a leading
role in the integrated and holistic planning of PEDs, aligning it with their long-term urban
strategies. Industries and organisations such as real estate development, construction
companies, network operators, utility companies and many others, will play a vital role as
solution providers.

Moreover, the Joint Programming Initiative Urban Europe—created in 2010 to ad-
dress global urban challenges—thanks to the Strategic Research and Innovation Agenda
2.0 [24] and the White Paper “A Reference Framework for Positive Energy Districts and
Neighbourhoods” [22], contributed to the definition of a positive energy district.

Additionally, a working group in the framework of the Joint Programming Initiative
Urban Europe, analysed then collected the following in a booklet regarding PEDs [25]:
PED projects in 61 urban areas, which were described according to key indicators in
relation to PED projects (10 key indicators in the area of building/real estate) and to energy
sustainability PED projects (5 key indicators and related sub-key indicators in the area of
building/real estate). Subsequently, the above set of key indicators were extended in the
ENEA research project [26] (Figure 1).
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Figure 1. Comparison of indicators and key indicators in the Booklet on PEDs and the ENEA
research project.
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1.2. A National Perspective on PED

At a national level the concept of PEDs are almost unknown among municipality
public officers as there are no structured national events that discuss this topic, except
the ones promoted by the national Italian delegate in the JPI Urban Europe to support
alignment with the European dimension. Given that this was a national research activity
coordinated by ENEA [26], which analysed in depth what types of data were needed to
better explain the consistency of PED projects, based on these results we elaborated the
innovative technical communication sheets.

Our manuscript presents the innovative technical communication sheets (selected
examples from Milan, Florence and Trento), which were elaborated for 15 Italian case
studies located in the seven selected municipalities, and presents them in a booklet of
PEDs, they are also analysed by Bossi et al. [27]. While both cited documents refer to
the European dimension with a set of a few data types, our manuscript presents the in-
novative technical communication sheets, which include more detailed data concerning
technological solutions (project goals, expectations in terms of energy savings, energy class,
initial/final energy rating, etc., which are individuated in Figure 2) and implementation
processes (entity role in different phases, activities, instruments, etc., which are individu-
ated in Figure 3), which refer to national experiences and facilitate national public officers’
understanding of positive energy districts.
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Figure 3. An example of a case-study project intervention sheet and the implementation processes.

1.3. Positive Energy District Functions

The guidance on PEDs includes 3 targets.

1. Efficiency: optimization of energy performance can reduce consumption in buildings
and mobility infrastructures, including the existing building stock.

2. Flexibility: resilience of the regional energy system to carbon neutrality and 100%
renewable energy.

3. Production: empowerment of relevant gas-emissions reductions.
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1.4. Paper Content

Given this, and based on results of ENEA national research [26], the researchers
verified that indicators used to describe PED experiences, at least at Italian level, were not
developed enough, especially those related to energy efficiency in buildings. The results
of the cited research highlights that we need more key indicators as well as new areas of
investigations (6 areas of investigations and more than 100 key indicators) to individuate
the innovative and integrated solutions in the planning/implementation phases, which
contribute to successfully activate the transition towards PEDs. Our research focused on
the area of energy efficiency in buildings/real estate, where the cited research individuated
35 new key indicators and 11 subindicators (Figure 1).

The novelty of our research activity relied on the creation of an innovative technical
communication sheet to facilitate policy officers’ understanding of enabling technologies
and procedures that improve building energy efficiency in positive-energy-district projects.
The manuscript presents the innovative technical communication sheets.

2. Materials and Methods
2.1. Materials

In our research we assumed, as a starting point, the following: (1) the contents of
the Booklet on PEDs was collected and edited by the PED Programme Management of
JPI Urban Europe and analysed 61 urban areas, 7 of them in Italy, namely Parma, Roma,
Milano, Bolzano, Firenze, Lecce and Trento, proposing a characterization through a set of
given elements; (2) results in the ENEA research implemented the original set in the Booklet
on PEDs according to a more comprehensive approach, which considered each building as
the result of a process characterized by phases, requirements and performance [28].

The starting point was to aggregate data that referred to a specific building, in order to
obtain authorization to build, in a single technical communication sheet, then to implement
the sheet with those characteristics to enable the building itself to be a physical node that
enabled a positive energy district.

Our activity focused on the elaboration of an innovative technical communication
sheet, which described, in an effective and easy way, key indicators related to buildings.

2.2. Methods

Research objectives: The research objectives aimed to individuate how to communicate
the key indicators related to energy efficiency in PED building projects to policy officers in
a municipality. These were based on the list of key indicators in the ENEA project, which
were used to perform a deeper analysis on the selected case studies (Figure 1).

Research methodology: The research methodology was based on a theoretical per-
spective that highlighted technology-enabling factors for energy efficiency in buildings as
nodes in a positive energy district, as well as rules, regulations and public procurement
procedures for rehabilitation, recovery or new buildings.

The methodology was based on three phases.

1. Collection of objectives, aims and strategies in the PED building projects assumed as
case studies;

2. Analysis of case studies according to the new key indicators related to energy effi-
ciency in buildings/real estate;

3. Creation of technical communication sheets for easier understanding.

The paper presents the results of the research activities. This work focussed on identi-
fying a technical communication sheet to facilitate the comprehension of key indicators that
concern energy efficiency in buildings/real estate and the public procurement procedure.
This work also aimed to facilitate the comprehension and understanding by civil servants
in municipalities, which aimed to activate the transition to positive energy districts.

According to each case study, and to the above-mentioned key indicators, it was
necessary to present analysis results on energy-efficiency solutions in buildings as well
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as on public procurement procedures in each case study. This helped facilitate the com-
parison and identification of enabling factors for the transition to a PED, as related to the
specific topic.

Thus, two types of technical communication sheets were created.
To define the spreadsheet structure, the study considered the data collected in the

7 Italian municipalities, which were already selected as “in transition to a PED” in the
Booklet on PEDs [25], and 15 energy-efficiency interventions on buildings (7 already
indicated in the Booklet of PEDs and 8 new ones), which were identified as case studies
specifically referring to energy efficiency in buildings/real estate projects.

Then according to the type of indicators, we developed one technical communication
sheet describing energy-efficiency solutions in building/real estate case studies and a
second one describing the public procurement process.

The contents of the technical communication sheet describing energy-efficiency solu-
tions in the buildings and real estate case studies included the following:

• General information such as the city’s name and the project’s name and details;
• Quantitative and qualitative data, such as type of financing, financing amount, EU

co-funding (% indicators);
• Data on energy class upgrades, such as initial energy rating and final energy rating

(energy class from A to G);
• Information on expected impacts, such as expectations in terms of energy efficiency,

savings, consumption reduction, etc. (% indicators);
• Data on adopted technology solutions in response to project objectives (project goals in

terms of energy efficiency, optimization and consumption reduction and their impact
when achieved) (Figure 2).

The contents of the technical communication sheet describing the public procurement
process included the following:

• General information such as the city’s name and the project’s name and details;
• Building phases (programming, designing, execution);
• Financial information.

For each phase we identified entities and roles (which were specific for each entity and
role during each phase), activities (in terms of procedures, rules, requirements, financing,
etc., contents and technical specifications, instruments (the name/type of documents, plans,
calls, etc., and the name/type of design documents), contracts and assignments) (Figure 3).

The proposed technical communication sheet was undoubtedly an effective way to
present results and to compare building solutions and public procurement procedures.

The frames were designed with the aim of facilitating the use of the content informa-
tion by the principles of information visualization. This improved the cognitive process
for an understanding of the spreadsheet’s content through a balanced use of visual and
textual codes, which were also used to achieve a different type of communication effec-
tiveness, depending on the nature of the information (qualitative and quantitative) and on
the recipients.

Specifically, for frames of the implementation process of operations, a lot of the
collected data in the spreadsheets concerned descriptive topics. These needed a textual
language for communication, but, at the same time, must communicate an organized
sequence of phases concerning operators and proper tools for their specific activities.

In this case, to represent the complexity of the building process and the public pro-
curement (with its relevant dataset) of the analysed case studies, we chose a representation
that integrated text-based information organized within flow diagrams that facilitated a
logical sequence with links among areas.

The aim of the proposed graphic organisation was to disseminate this information to
municipal officials/civil servants (competent departments and offices) who wanted to start
an urban development plan for driving ecological transitions and PEDs. By learning from
this information, which also displayed a more immediate visual representation, officials
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could take out useful instruments for the selection of policy and decision making on
funding strategies, appropriate procurement processes and key documents to ensure the
quality of the operations, in terms of energy efficiency and sustainability, and to identify
any issues (diagram bugs) and anticipate solutions.

In this way the exploratory analysis of the data benefitted from the visual representa-
tion through fast information communication that otherwise hid within the spreadsheets.
This positively affected the target in replicating the case studies’ procedures. Visual at-
tributes, such as colour, size, proximity and visual representation of quantitative data, as
well as textual content, were used for the frames on technological solutions, to convey
complex data that would otherwise require huge cognitive processing. We collected the set
of data through the desk activity on innovative solutions for the energy efficiency of the
case studies and on expected impacts. We then reorganized them into a consistent form
that was able to communicate the target context, taking well into account the key recipients
as municipal technical office chiefs, architects, etc.

3. Results

The method for the frame implementation was to report a first phase of all information
taken from a critical reading of the analysed projects and to gradually remove redundant
information, or information liable to further technical insight. This way allowed us to bring
out only first-level data, which were useful to identify, with an immediate representation,
the impact of the positive solution within the PEDs. (Figure 4). In addition, this helped
technicians consider the content’s consistence for their replicability.

We carried out work on the spreadsheet affordance, i.e., those real or perceived
properties which were self explanatory, thus simply showing them to informed recipients
supported its multiple uses in terms of data interaction.

The use of visual representation for quantitative context data made it easier to use the
preconditions for starting energy-efficiency operations based on the need for funding. In
particular it showed the impacts of EU grants.

The different levels of colour saturation and intensity facilitated the process of visual
recognition for most relevant data.

The choice of the use of icons made effective mental representations, facilitated fast
communication and, in any case, kept a close link between visual and textual terminology.

This information, together with the experience of recipients, should be able to pro-
duce knowledge on the project objectives, on the specificities of adopted solutions and
on the key components of the building system for energy efficiency. Knowledge was
therefore the main objective of the communication process. This empowered technicians to
express a meaningful consideration on data and to develop the technical knowledge for
the replication of the solutions.

In order to assess the on-field effectiveness of the frames we were holding, we had
many online meetings with specific stakeholders of the involved municipalities, from
which we received useful feedback on how to improve the communicativeness of the
frames; by implementing content and graphics, for example.

Indeed, these frames were also prototypes on which to test the accessibility of infor-
mation content and its actual use by checking compliance with replicable solutions. The
obtained feedback, and the application of information visualization principles, were also
crucial for the ongoing design of the digital database.

Moreover, the communication outline of the frames was particularly effective for a
comparative assessment between the procedures of the operations in more cities and the
technological solutions for energy-efficiency operations in the case studies.

Indeed, the objective comparison between homogeneous datasets was visually facili-
tated by reducing the error during data comparison, which were carried out on spread-
sheets.
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For the frame of technological solutions, the selected communication outline could
highlight the “weight” of the results achieved by the different solutions, compared within
each indicator, related to the expected impacts. Such impacts needed a close link, not only
to adopt solutions, but also for the building system components that were involved in the
surveyed energy-efficiency operations (Figure 5).
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For the frame of the execution process through to the comparison of flow diagrams, we
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the quality and achievement of the PED target (Figure 6).
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3.1. Technical Communication Sheets on Technological Solution

Systematization of the information collected in the spreadsheets allowed a univocal
interpretation of the different analysed projects, in terms of the innovative technological
solutions and the processes that empowered planning, development, implementation
and management of different actions. The importance of the analysis of technological
solutions concerned the topic of energy efficiency: the design of such actions was the result
of strategic policies and the use of specific solutions to achieve established objectives. Such
solutions took place to achieve a sustainable architecture based on a low environmental
impact of the building through resource saving and pollution reduction in all lifecycle
phases. There was also a positive approach to “on-site” energy production using specific
systems that used renewable sources. Within the study carried out in this first phase,
we found that projects stood out for the adoption of different solutions that were able to
improve energy performance; for this, we identified an in-depth study on how adopted
technological choices interacted with the whole building system. We reported the sheet
sample of the case study of the city of Trento (Figure 7).
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We conducted the project’s survey and linked it closely with the analysis of each
building process.

3.2. Technical Communication Sheets on Implementation Processes

In this section we discuss the spreadsheet on implementation processes concerning
building rehabilitation. In reference to the procedures we outlined, with the involvement
of municipalities and stakeholders, we identified specific actions that cities developed. The
project variety depended on factors including the programming methods of actions, the
financing policies and the stakeholders’ involvement through participatory processes.
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We reported an example of the described sheet in the case study of the city of Trento
(Figure 8).
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3.3. New Set of Indicators Comparing the Requirement in the Preliminary Design Document with
the Technological Solutions Adopted

The result obtained for each project, from these two sheets, was not only useful for
specific content but especially for the link we could detect between the two observation
areas. Taking Trento, again, as an example case study, the analysis of the implementation
processes led us to highlight the relevance of the documents used since the programming
phase. Indeed, the quality of the pre-design document, which we found complete and
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clear in the compliance to specific requirements of energy sustainability, highlights several
indicators, which proved to be valuable during the preparatory phase prior to design
(Figure 9); these indicators did not limit the building scale, but detected all factors of
the action.
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The design phase, which followed the public procurement procedure, was tendered for
by the design contract, in accordance with the DPP requirements. This produced an easier
selection criteria procedure for the bid and for the selection of especially energy-efficient
technological solutions. Strategic policies were also a driver to meet the requirements as
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reported among expected impacts in terms of energy. Thus, the overall process quality that
included sustainability topics from the early stages of promotion and programming to all
implementation tools, should clearly result in success of the action with a sensible design
of the technological solutions in compliance with the PED criteria.

4. Discussion

Although our research activity will support further in-depth investigation, the pro-
posed frame that describes PED projects, appears promising for the organization of infor-
mation and has a clear focus on strategies and solutions, which will facilitate public officers
in understanding the main characteristics of PED projects.

Several discussions are ongoing among most prominent European networks (EERA
JPSC PED modules, SET Plan Action 3.2 PED Programme/DUT PED pillar, COST Ac-
tion PED-EU-NET, IEA EBC Annex 83, UERA PED WG, PED-related SCC01 projects,
H2020 SCC01 TG Replication, SCALE, Smart Cities Marketplace) to define a common and
shared definition of a PED, as well as to individuate key indicators that capture the true
PED essence.

No matter what the key indicators will be, our research activity highlighted the
importance of effective communication.

With increasing numbers of city authorities embracing the PED concept, and an
increasing number of PED-related projects, there is a lack in communication characteristics,
results, aims and goals in PED projects, in knowing that clear and effective communication
facilitates comparison, evaluation and replication.

Our research activity was aligned with these contents and our aim was to fulfil the
existing gap by contributing, with our results, methods of organizing information to
facilitate understanding of PED projects.

5. Conclusions

Although our research will further develop an in-depth analysis of other aspects
of cities from our case studies (e.g., identification and qualification of urban ecosystem
stakeholders and sectors of competence with their involvements at national, regional,
provincial and local levels), the results presented in this paper seem interesting and in line
with ongoing European debate.

There is a need for effective communication on PED case studies that highlight infor-
mation related to strategies and solutions implemented by the municipalities to facilitate
the transition to PEDs, in the specific field of energy efficiency in the building/real es-
tate sectors.

Effective communication on findings related to PED pathways will encourage and
facilitate synergies among urban ecosystem stakeholders by activating virtuous communi-
cation processes and improving the understanding of actions to support PED transition.

Indeed, the new set of indicators identified by the ENEA optimizes the understanding
of the technicalities of PED projects, thanks to a national research project we carried out to
identify an effective way to communicate results and findings in an appropriate way to
public officers.

Among technicalities, the most prominent was within the building process (planning
of sustainable actions, design development, implementation and management), which
represented the fundamental activity public officers take to move from ideas to reality.

That is why our main aim was to communicate the effectiveness of solutions and
procedures that could be assumed as a set of replicable good practices among public officers
involved in technical offices or sectors within municipalities: from several tender, techni-
cal and administrative documents, as well as financing budgets required for activating
public tenders.

Finally, a particular attention was paid to the planning phase of the building process
and to the contents of the preliminary design document where public officers within
municipalities expressed requirements and addressed the choices in a meaningful way.
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Indeed, a clear and effective qualification of the demand arose from the necessary conditions
for the implementation of technological and financial solutions. In fact, the key role of
public officers of municipalities was clear from the coherence and specificity of the technical
planning documents.

Without their involvement and support there was no chance in the area of positive
energy districts, due to the complexity of the involved areas of expertise in road mapping
urban transition strategies.
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