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Abstract— Positive Energy Districts (PEDs) are a relatively new concept aimed at advancing the main goals of the Energy Union
strategy. They rely on an integrated, multi-sectoral approach to tackle Europe's most complex challenges. PEDs combine energy
efficiency, renewable energy production, and energy flexibility at the city level.

The fundamental idea behind PEDs is to create urban areas capable of generating more energy than they consume while remaining
adaptable to shifts in the energy market. This adaptability is crucial because PEDs aim not only to achieve an annual surplus of net
energy but also to alleviate strain on centralized energy networks. They achieve this by enhancing on-site load matching and
self-consumption, employing technologies for energy storage, and utilizing smart control for energy flexibility.

So, how do PEDs influence city design? What types of programs and strategies must local authorities have in place to support the
transition to PEDs? Do PEDs encompass all building types in urban environments? And what is the added value of incorporating green
buildings into PEDs?

This paper will conduct a systematic literature review to address these questions: (RQ1) the current status of PED implementation in
Europe; (RQ2) the impact of PEDs on city design; and (RQ3) the inclusion of all building types in PEDs.

The methodological approach involves a comprehensive study of bibliographic sources following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR), supplemented by data analysis, mapping, and
text mining using VOS viewer.

The primary contribution of this research will be a cognitive framework for Positive Energy Districts in Europe and a selection of case
studies demonstrating how PEDs have influenced city design and how green buildings have supported the transition to PEDs in these
cases.

Index Terms - City design, City programs and strategies, Energy Flexibility, Energy Efficiency, Positive Energy District, Renewables
Energy production.

with transportation and buildings emerging as major
I. INTRODUCTION contributors. On the other hand, however, it is undeniable

The Positive Energy District (PED) is a relatively recent that cities also serve as engines for patipnal economic
concept that exemplifies the main goals identified by the ~ development and global progress, contributing to over 80
European Energy Union Strategy. Indeed, the PED integrates  Percent of global Gross Domestic Product (GDP).
energy efficiency, renewable energy production, and energy So, what has Europe done to address the challenge? On one
flexibility through a logic of integrated and multisectoral ~ hand, it has implemented and funded transformative
approach that reflects at the local level (urban dimension), yet ~ roadmaps, while on the other hand, it has launched the
realizing, in energy terms, an interdependence and exchange ~ Energy Union to consolidate energy policy under a unified
with the higher regional and national levels. This introduction ~ framework.
outlines the political and regulatory framework that has A Transformative Roadmap

supported the development of the PED concept and the The urban agendas (Agenda 2030, the New Urban Agenda
funding programs that contribute to its dissemination in the Addis Ababa Agenda on Financi’ng for Development) anci
Europe. The aim of the paper is to help disseminate the . .

. . N European agreements on climate change (Paris Agreement)
concept of PED to a wider audience [1] by identifying to what . . :
extent PEDs can influence citv desian serve as transformative roadmaps for addressing climate

. . y . change, alongside the "2020 Climate and Energy Package",

Today, cities, acting as communication hubs, are o . N ;
: . . the "2030 Climate & Energy Framework", the "2050
responsible for over two-thirds of global energy consumption long-term strategy for a climate-neutral EU", the European

and are the primary drivers of cllr_nate change. The_re_fore, Itis Green Deal, and the "Renovation Wave Strategy". They all
necessary to make every possible effort to mitigate the highlight the need for district and community-level

potentially severe consequences of climate change, which approaches and the integration of renewable solutions to

represents, in fact, the most ambitious human challenge [2]. create zero-energy districts, recognizing that aggregating

On one hand, cities represent the main source of global rojects at this level can lead to zero or even positive ener
pollution, with about 75 percent of global CO2 emissions, proJ P 9y
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outcomes [3].

These transformative roadmaps have subsequently
materialized into a series of regulatory packages and policies,
establishing a legislative framework that empowers
individual European member states and collectively the
entire Europe in achieving the outlined objectives [4].

B. Energy policy under a unified framework

The European Energy Union Strategy focuses on three
objectives across five dimensions, namely: energy security,
internal energy market, energy efficiency, decarbonization,
and research and innovation. The Commission's response
included fifteen action points, among which the fourteenth
emphasized the need for a forward-looking EU strategy for
energy and climate research and innovation (R&lI). This led
to a specific approach for R&I that developed a Strategic
Energy Technology Plan and a Research and Innovation
Agenda with clear priorities and objectives.

The SET Plan identified ten priority actions to accelerate
the transformation of the energy system through coordinated
or joint investments among European countries, private
stakeholders (including research and industry), and the
European Commission itself. Action Number 3 of the SET
Plan (out of ten priority actions), namely, "Create
technologies and services for smart homes that provide smart
solutions to energy consumers,” was divided into two
Sub-Actions: 3.1 "Smart Solutions for Energy Consumers"
and 3.2 "Smart Cities and Communities”, which was
ultimately reformulated into "Europe to become a global role
model in integrated, innovative solutions for the planning,
deployment, and replication of Positive Energy Districts".
Thus, for the first time, the concept of Positive Energy
Districts (PEDs) was defined (2018) and subsequently
included in the "Renovation Wave Strategy" (2020) and -
through the Driving Urban Transition Partnership - in the
Horizon Europe Framework Program.

Finally, to complete the regulatory and policy framework
supporting the decarbonization of the building stock, it is
encompassed in the "Clean Energy for All Europeans
Package" (European Commission, 2019) [5], while "Fit for
55" is the legislative package to achieve the EU's climate
target for 2030 - including at the urban level - along with the
RE-Power EU Plan, which introduces energy efficiency as
the fastest and most cost-effective way to address the current
energy crisis, reducing bills and increasing the binding
Energy Efficiency target from 9% to 13%.

C. SET Plan e R&I programs

The new strategic target of SET Plan Sub-Action 3.2 was
inspired by discussions within the European Innovation
Partnership on Smart Cities and Communities, particularly
by the Initiative on Positive Energy Blocks and "Zero
Energy/Emission Districts", aiming to address the ambitious
climate goals of the COP21 agreement and align with the
increasingly progressive objectives set by the Energy
Efficiency Directives (EED) and the recently adopted new

Moreover, these same roadmaps have influenced the
creation of dedicated actions and funding programs aimed at
unlocking the potential of cities, facilitating the achievement
of sustainable urban development goals and strengthening
financial aspects by empowering cities to accelerate actions
towards the Sustainable Development Goals (SDGg).
Directive on the Energy Performance of Buildings (EPBD).
The concept of Positive Energy Districts (PEDs) is based on
an integrated multisectoral approach that combines the
integration of renewable energy production, energy
flexibility, and energy efficiency within the local urban
dimension, expanding even to the regional or national level
regarding energy supply networks. The goal of PEDs allows
for the aggregation and integration of many projects related
to buildings and the citizens who inhabit or use them (energy
consumers and producers), as well as aggregating mobility
systems through ICT and 10T, from the local to the regional
level. Therefore, the PED was developed as a supportive
framework capable of integrating the mentioned objectives
into a holistic perspective.

Regarding Research & Development programs, on one
hand, the Horizon Europe program, through its five missions,
has launched funding programs for research and innovation
aimed at improving the effectiveness of funding itself,
pursuing clearly identified objectives, and addressing some
of the greatest challenges of our time - such as the Mission
100 Climate and Neutral Cities [6-12]; on the other hand,
through Partnerships, it has promoted the establishment of
initiatives where the European Union, national authorities,
and/or the private sector jointly commit to supporting the
development and implementation of research and innovation
programs in response to Europe's most complex challenges,
including specifically two Partnerships: the CET (Clean
Energy Transition) and the DUT (Driving Urban Transition).
It is within the latter (DUT) that, through co-financing action
between the European Union and Member States, the aim is
to accelerate the transformation of the energy system by
developing and implementing 100 Positive Energy Districts
contributing to overall sustainability and clean energy goals
by 2030 [13-15].

D. Aims of our study

This study aims to provide a critical overview of the
implementation status of PEDs in relation to the specific
theme of city design through a scientific literature review
integrated using open-access bibliometric software with
content analysis conducted by the authors.

Our review article highlights an original contribution to the
current state of the research field by providing insights on the
evolution of the PED [16-18] and the related topic of city
design to verify if it is already embedded in the PED concept,
or alternatively, extraneous to it.

The literature review analyzed in the paper [19] is the
result of meticulous analysis conducted on a list of articles
finalized by the end of October 2023. Starting from this list,
the authors first created a repository of articles and then

32



#4IFERP

ISSN (Online) 2456-1290

International Journal of Engineering Research in Mechanical and Civil Engineering
(IJERMCE)

Vol 11, Issue 7, July 2024

proceeded to collect, analyze, and visualize the data and
indicators of interest, also using open-access bibliometric
software, as indicated in the methodological section. In
particular, to facilitate a critical evaluation of the data,
Scopus archive and the VOS viewer tool (version 1.6.20,
released on October 31, 2023) were used to examine and
compare co-occurrence data among various publications.

Paper “How Positive Energy Districts in European cities
affect city design” is structured as follows: Section 2
describes the general methodology related to the analysis of
scientific literature; Section 3 presents the main results;
Section 4 provides a discussion of the results and Section 5
conclusions and next steps.

Thus, based on results the analysis has taken place which
results are here presented in the paper to provide answers to
following research question:

e RQ1 Is city design already embedded in the PED
concept?

e RQ2 or alternatively, is extraneous to it?

Il. GENERAL METHODOLOGY REGARDING THE

ANALYSIS OF SCIENTIFIC LITERATURE

To conduct a bibliometric analysis of the scientific
literature on Positive Energy Districts (PED), we followed
the PRISMA-ScR protocol, a systematic mapping method.
Using Scopus and Web of Science. We undertook six
methodological steps: defining study objectives (1), creating
search queries (ll), selecting relevant documents (Il1),
creating a database (IV), and conducting analyses (V), results
and discussion (V1) (Figure 1a, 1b).

Firstly, we defined study objectives to structure
subsequent steps effectively (I). Then, on October 27, 2023,
we queried Scopus and Web of Science using the search
string "positive energy district(s)" (II). We selected 140
articles meeting predefined eligibility criteria, focusing on
PED:s in titles, abstracts, or keywords, and written in English
(11). Next, we created a database in Excel format, extracting
metadata from Scopus and including attributes such as title,
DOI, year, journal, authors, affiliation, keywords, and
funding information. Articles were categorized as review,
article, or conference paper (IV). The analysis phase (V)
involved bibliometric and content analyses. The bibliometric
analysis utilized data from Scopus supplemented by
information from Web of Science. Additionally, VOSviewer
was used for further detailed analysis. Content analysis
involved reading all 140 articles. Articles were classified
based on whether they focused on methodological aspects or
applied research to real case studies at district or city levels.
Finally, (\VI) the results and discussion sections addressed
findings derived from bibliometric and content analyses,
providing insights into the state of research on PEDs.

Then the study proceeds to a bibliometric analysis of
scientific literature using VOS viewer.

This study employed bibliometrics [20], a subset of
scientometrics, to statistically analyze scientific literature,
aiming to assess research performance. We utilized VOS
viewer [21], developed by CWTS at Leiden University,
known for its robust data mapping capabilities. The
methodological steps involved:

Conducting a data search and comparison using the
search string "positive energy district(s)" in Scopus.
Exporting the resulting file.

Performing bibliometric analysis with VOS viewer,
generating co-occurrence networks of words from
literature. VOS viewer provides the option to build
co-occurrence networks of words extracted from the
scientific literature, including journal types, researcher or
organization names, country of publication, and
author-chosen keywords, using text mining. The software
can extract bibliographic networks from data files
downloaded from various databases such as WosS,
Scopus, Dimension, PubMed, and RIS. Keyword
co-occurrence network analysis is among the most
effective approaches for presenting scientific trends and
the evolution of issues over time, creating concise and
consistent maps [22]. The objective of co-occurrence
analysis is to establish a framework for a bibliographic set
by clustering terms extracted from the keywords [23].
Analyzing results and discussing sub-questions regarding
city design in PED concepts and relatives connection..
Results and discussion of the sub-questions. Through the
analysis, the software helped us to take a holistic
approach to define, develop, model, and validate the
presence of city design into the PED concept. The data
analysis and selection process are represented in Figure 2.
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WEB of Science

identification: “positive energy district” OR
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Figure 1. Methodological steps of the research (a) with a zoom on the article selection process (b)
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Figure 2. The VOS viewer-based data analysis and selection process

In accordance with the article selection methodology
I1l. RESULTS outlined in Section Il, our search yielded 140 documents
This section presents the findings obtained from the from Scopus and 102 from Web of Science, with the latter

bibliometric analysis conducted using Scopus and Web of  identified as a subset of the Scopus sample.

Science databases, followed by a discussion on the outcomes The data were downloaded in CSV  format
derived from the VOS viewer tool. (comma-separated values; CSV file stores tabular data in
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plain text, where each line of the file typically represents one
data record), which is a suitable format to be processed by
VOS viewer.

In all articles, VOS viewer identified a total of 1124
keywords, but for our study purpose we decide to limit the
process analysis only to the words “positive energy district”,
“city design”, “planning”, “urban”, “design” and the urban
design terminology [24] in two categories: all text and
authors’ keywords.

In our we deemed it more pertinent to concentrate
co-occurrence analyses on bibliometric maps derived from
all text. This category, in our opinion, more accurately
reflects the topics stated in the publications [25]. This
decision has led to a selection of 44 keywords.

Among all potential VOS viewer visualization, we decided
to present the results obtained from this bibliometric analysis
in terms of network visualization (Figure 3). In this
visualization, each point is assigned a color indicating the
density of items at that specific point.

In all text, VOS viewer identified the keywords associated
with “positive energy district” and no one to the “city
design”. The results obtained (Table 1) show that among the
keywords, the most frequent term is “positive energy district”
with a total link strength of 1094 and 68 occurrences. It is
closely followed by “zoning” with a total link strength of 242
and 14 occurrences. While the term “urban planning” is
noteworthy, the keyword “architectural design” has a link
strength of 86 and shows only 4 occurrences.

The software categorizes the keywords into 14 clusters.
These clusters, distinguished by different colors, clarify the
relationships between the various topics. The lines
connecting the different items indicate the strength of the
links (i.e., the number of publications in which two terms
recur together), whereas thicker lines indicate a stronger link.
Additionally, a strong link is observed when multiple clusters
share the same color. Keywords are represented in nodes, and

urbanplanning

landuse

*, VOSviewer

the size of the nodes corresponds to the frequency of
occurrence of the keyword.

VOS viewer establishes the closeness of items by
calculating the strength of association between them. This
strength of association is defined as “a proportion of the total
co-occurrences between items compared to the total expected
co-occurrences between those items, assuming they are
statistically independent” [26].

While examining the network visualization map (Figure
3), it becomes clear that the predominant topics in the
selected scientific literature are “positive energy district”,
“zoning” and “urban planning”.

The analysis of keyword co-occurrence networks stands
out as one of the most effective approaches to illustrate the
evolution of scientific trends and issues over time. It is
particularly interesting to isolate clusters in which “positive
energy district” demonstrates greater linking strength. For
further insights into this phenomenon, refer to Figure 4,
which illustrates the keywords most frequently associated
with “positive energy district”:

e “Urban planning”;

e “Zoning”;

e “Architectural design”;
e “Resilience”.

We did the same isolating clusters with “urban planning”,
thus in Figure 5 there is possible to see which keywords are
most frequently associated with it.

Vos viewer’s approach to interpreting co-occurrence maps
therefore serves as an initial step in the analysis process
rather than a unique method of interpretation. Co-occurrence
maps provide a valuable starting point for recognizing
meaningful relationships between elements, such as
keywords. These visualizations were useful in this study to
identify relevant themes and clusters within the dataset, thus
providing a high-level overview of the interconnections
between elements.

positive energy district

development phasis

desigruphase

Figure 3.The network visualization map obtained with VOSviewer.
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Table 1.The top 10 keywords with strong occurrences and links.

Key Words Occurrence Total Link Strenght
positive energy district 68 1094
architectural design 4 86
zoning 14 242
urban planning 11 238
planning 3 49
integrated planning 3 50
resilience 3 40
integrated energy planning 3 22
urban regeneration 2 20
sustainable city 2 43
architecti§sl design
bulldin ‘:u'gnm
integrated dhergy :!-,Uén
lllteglal’]lannmg lﬂ:eglat% e \/ /
1 planning guidelines
sustaingle-cxes zég
zustainable -pfan degigns
optirial planning platiing
e
T positive gqergy district
iber@esicr SRS developmpnt phasis realapiates
landmse
Ul
ransportalion sector
transitonseenarios
...::i!"“ efficiency-m@asurement
L4
dezigghaze

Figure 4. Most relevant associations with “positive energy district”.
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Figure 5. Most relevant associations with “urban planning”
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IV. DISCUSSION

This paper provides a scientific review analysis of Positive
Energy Districts (PEDs), aiming to answer specific question
related to city design. The results of the bibliometric analysis
reveal interesting trends.

The section I11 highlights that:

e The term PED and terms related to urban design are
present in 49 papers;

e Other terms - closely related to city design - although not
widely included in the scientific literature analyzed in
association with the term PED are nonetheless present in
limited numbers anyway presenting a stronger link
between PED and urban planning then between PED and
zoning;

o Considering the term PED and the link with terms related
to urban design there is one paper which refers to “city
design”, twelve papers which refers to “urban design”,
thirty to “planning” and five to “zoning” (Table 2).

To provide answer to the questions (RQ1) if city design is
already embedded in the PED concept or (RQ2) is
extraneous to it, research deep dive in the text of 49 selected
papers to analyze the context in which the words “city
design”, “urban design” “planning” and “zoning” have been
used (Figure 6).

Results are listed below:

e There’s only one paper n°l (Tab. 2) which include the
words “city design”. The paper present a GIS-based tool
designed to delineate boundaries from an energy
perspective, harmonizing with urban design and land-use
planning. The paper affirm that the initial selection of
appropriate areas is crucial for the successful planning
and implementation of Positive Energy Districts (PEDSs),
which aim is to assist cities in integrating energy planning
within urban design. The paper affirms that PED design
and development projects lack of a structured process for
identifying and selecting areas with the potential to
become energy-positive. To address this gap the paper
focus on GIS-based tool which utilizes a flexible
multicriteria assessment method to identify suitable areas
for achieving an annual positive non-renewable energy
balance. Thus, the paper underscores the need for deep
integration of energy sustainability within urban
planning, extending to neighborhood, district, and
building levels.

e Among papers which include words “urban design” the
analysis has individuated twelve papers, but due to the
deep dive in the text of each paper we assume that only
two highlight nexus between PEDs and urban design.
Namely:

o Paper n° 3 (Table 2) emphasizes the analysis of urban
districts as cohesive urban design units where optimal
configurations for buildings, street lighting, vehicles,
and other elements are established. The methodology

EEINT3

developed by PathPED project defines a Positive
Energy District (PED) as a primary functional unit for
urban design. It considers its main components -
buildings, streetlights, vehicles, photovoltaic systems,
etc. - as dynamic agents capable of evolving and
making decisions about their future based on a fuzzy
logic engine. Thus, this paper highlights the
importance of integrating various urban elements to
achieve  optimal = energy  performance and
sustainability within urban design. Moreover, the
paper presents Bilbao case study as the city planned
the energy profiles for a district of around 23,000 s. f.
Paper n°7 (Table 2) present case study of City of
Brno, which represents a significant step in the city's
ongoing efforts to develop a smart city concept
initiated in 2014. To facilitate this development, the
City of Brno established a dedicated post of a
development site manager within the Department of
Data, Analysis, and Evaluation, part of the Strategic
Development and Cooperation Department. An
international one-phase urban design idea competition
was organized by the City Chief Architect’s Office in
collaboration with the Department of Data, Analysis,
and Evaluation to gather innovative concepts for the
project. The Heating Plant of Brno has also played a
crucial role in negotiations concerning the future of
the smart district Spitalka.

Among papers which include word “planning” the
analysis has individuated thirty papers, but due to the
deep dive in the text of each paper we assume that only
eight highlight the nexus between PEDs and planning.

Namely:
o Paper n° 15 (Table 2) highlights the need to pass
“from impact assessment to impact design:

understanding co-benefit assessments as strategic
planning instruments for progressive climate and
renewable energy policies [or projects] to pro-actively
seize the social and economic opportunities”.

Paper n° 20 (Table 2) presents a model for the
carbon-neutral and sustainable energy transition
toward PEDs, targeted for the definition of strategic
urban planning. Thus, the paper taking inspiration
from the existing literature on the field of energy
modeling and bearing in mind the guidelines of the
SET-Plan Action 3.2, propose a methodology which
includes the energy sharing among buildings and the
presence of local storage as characterizing features of
urban energy modeling. The paper presents also the
Catania case study.

The paper n° 21 (Table 2) highlights the approaches of
selected municipalities, (i.e.: Valencia), with the
objectives of energy demand reduction and
implementation of renewables at a local level,
combining energy objectives with sustainability
criteria related and urban planning. Thus, the paper
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present Valencia case study where a method based on
data gathering, demand analysis, study of the feasible
renewable energy capacity, and techno-economic
simulation of the different scenarios support urban
planning.

Paper n° 24 (Table 2) highlight Oulu case study where
was created an initial plan for the optimal path of
planning and implementing PEDs aiming to
harmonize cities’ spatial planning with energy
planning.

Paper n° 27 (Table 2) highlights how organization of
an energy infrastructure based on a new generation of
buildings requires profound innovations from
architectural, planning and construction points of
view. The case study in Roma proposes an approach
to identify a sequence of phases that provide a concise
and quantitative pre-assessment of the theoretical
flexibility of a building block to act as an energy net
component. These phases are planned to be managed
within an optimization procedure, which quantifies
various flexibility —metrics, such as energy
consumption and production targets, energy balance
constraints at the building level and positive energy
block scenarios, considering different levels of
information and detail. Thus, a multi-criteria
decision-making optimization framework for PED
Blocks for cities is offered as a contribution to
operationalize PED Blocks according to a new
generation of urban planning practices and buildings.
It invites scholars to think about a new set of criteria
that can drive the innovation in planning practices and
approval processes, promoting PED blocks as a
common practice.

Paper n° 33 (Table 2) focuses on PED definition
which is encapsulated into the climate neutrality
requirements of the built environment through the
means of a positive energy balance. Thus, the paper
point out that what is missing in the PED definition is
criteria and specifications for the district development
and planning process, due to the fact that different
stakeholders and ownership structures and spatial and
urban planning organizations, require different
planning processes.

Paper n° 35 (Table 2) highlights the concept that
PEDs are an inherently scalable concept that can grow
locally and include a mix of new and old buildings.
Thus, PEDs are not merely energy projects; they
require the combination of many relevant city
functions, such as energy planning, (electric) mobility
planning, urban planning, (open) information and
communication technology (ICT), sustainability
plans, etc.

Paper n°38 (Table 2) highlights the need for
information and guidance to plan and implement
PEDs, including both technical planning and urban

planning. Morevoer, the paper affirms than in the near
future, climate adaptation will become more
important, which will bring new challenges to the
planning of the urban environment and PEDs.

Paper n° 39 (Table 2) highlights how usual practice
in urban planning has frequently considered energy
performance of buildings individually, irrespective of
the surrounding buildings. PED breaks this habit by
applying integrated strategies for building renovation,
energy efficiency, and local energy production from

renewable energy sources (RES) in a locally
interconnected and holistic way.
o Paper n° 40 (Table 2) highlights that cities are

dynamic ecosystems with evolving needs and
continuous development. Thus, PEDs as well smart
city should aim towards developing bold city visions
covering urban planning, technical, financial and
social aspects.
Last, but not least, among papers which include word
“zoning” there is only one paper to mention. It is paper n°
47 which points out that quantify potential energy
reductions and on-site generation using currently
available technologies could assist governments to
develop policy, incentives, and regulations that can
expedite this trend. Thus, the paper underscore that the
zoning laws could be modified to facilitate the transition
to PEDs for example supporting conversion of existing
homes to densified counterparts, subsidies could help
cover the additional cost of the most promising energy
efficiency solutions and feed-in-tariffs could improve the
economics for installing BIPV.
Based on the results of the analysis, authors provide the
following answers to the given questions:

RQ1 Is city design already embedded in the PED
concept?

Our analysis reveals that out of 140 documents referencing
Positive Energy Districts (PED), only 49 establish a
connection between PED and urban design terminology. This
indicates that city design is not strongly embedded in the
PED concept. However, a limited number of papers do
highlight the importance of technical and urban planning for
the development and implementation of PED. These papers
emphasize the necessity of deeply integrating energy
sustainability within urban planning and the importance of
incorporating various urban elements to achieve optimal
energy performance and sustainability. Furthermore, it
appears that the selected papers suggest moving from impact
assessment to what they term "impact design," which seems
to be a new concept.

RQ?2 or alternatively, is extraneous to it?

Our analysis found that 14 out of 140 papers clearly
establish a connection between urban design terminology and
PED. This suggests that urban design is not extraneous to the
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Positive Energy District approach. Although the connection
between PED and urban design is still developing, especially

considering future research and innovation programs, it is
evident that urban design plays a role in the PED concept.

Table 2. The 49 papers with the term PED and terms related to urban design.

City Design
n. article title doi
1 A GIS-based multicriteria assessment for identification of positive energy https://www.mdpi.com/1996-
districts boundary in cities 1073/14/22/7517
Urban Design
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Figure 6. The selected articles to answer at RQ1 and RQ2

Based on the data from our research, it is evident that the

implementation roadmap for Positive Energy Districts
(PEDSs) requires new criteria to drive innovation in planning
practices and approval processes, aligning with the 2050
challenges. Among these new criteria, the nexus between
PEDs and urban design must include:

A focus on the need for deep integration of energy
sustainability within urban planning.
The integration of various urban elements to achieve
optimal energy performance and sustainability within
urban design.
Innovative methods based on data gathering, demand
analysis, the study of feasible renewable energy capacity,
and techno-economic simulation of different scenarios to
support urban planning.
An innovative multi-criteria decision-making
optimization framework for city building blocks to
operationalize PEDs according to a new generation of
urban planning practices.
PEDs, along with smart cities, should aim to develop bold

city visions covering urban planning, technical, financial, and
social aspects.
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The evolution from Nearly Zero Energy Buildings
(nZEBs) to Zero Energy Buildings (ZEBs) marked a
significant step in enhancing energy efficiency through
advanced building envelope solutions and smart sensors that
reduce energy consumption and contribute to local energy
production, achieving a net-positive energy balance. The
concept of PEDs builds upon the foundation laid by ZEBs,
epitomizing the transformative potential of smart cities.
PEDs leverage integrated data, sensors, and systems to create
sustainable and livable urban environments on a larger scale.
This visionary approach to urban planning underscores the
increasing relevance of city design and urban planning in the
development of PEDs. As we move towards 2050, the role of
urban planning in fostering sustainable and energy-efficient
districts will become even more crucial, driving forward the
agenda of sustainable urban development.
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