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Abstract

The aim of this study is to examine existing positive energy district (PED) initiatives by
using an explanatory research approach for gaining insight, identifying patterns, clarifying
underlying processes, exploring cause-and-effect relationships, and explaining phenomena
in a greater depth. Specifically, studies from the existing literature that have explored
multiple PEDs were analyzed. Current challenges, barriers, and obstacles, as well as suc-
cess factors, good practices, and policy guidelines are thoroughly investigated, evaluated,
categorized and compared to unveil lessons learnt from diverse existing international
projects for turning urban areas into self-sustainable and greener urban neighborhoods.
The proposed framework aims to reveal the required processes for successful PED creation
and operation. It provides an overview of the current state of the art and enhances com-
prehension and know-how about the processes needed for the successful adoption and
integration of PEDs based on lessons learnt from global challenges and success stories.

Keywords: positive energy district; renewable energy; urban energy systems; energy efficiency

1. Introduction
According to the United Nations (UN), urban cities are predicted to cover 70% of the

worldwide population in 2050 and to contribute to approximately 78% of global energy use
and consumption [1]. Furthermore, urban cities account for 60% of greenhouse gas (GHG)
emissions. Global warming, a result of GHG emissions, continuously causes changes to
the climate, which is why reducing GHG emissions globally is an important and urgent
matter. This significantly concerns decision makers, leaders and energy providers. From a
European Union (EU) point of view, the EU strives to become climate-neutral by 2050 [2],
meaning an economy where anthropogenic GHG emissions and their removals are in
balance over a given period.

The EU Directive 2024/1275 of the European Parliament and of the Council of 24 April
2024 on the energy performance of buildings (recast) [3] indicates that the EU, including
all its member states, aims to accomplish net zero GHG emissions, entailing a balance
between emitted and absorbed atmospheric GHGs. Other legislative frameworks to support
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member states in reaching the EU targets are the Revised Renewable Energy Directive
EU/2023/2413 [4], the Electricity Directive [5], Effort Sharing Regulation [6], the Energy
Efficiency Directive [7], and the EU Emissions Trading System [8].

1.1. Creation and Operation of Positive Energy Districts

Sustainable energy refers to “energy resources that can fulfill existing energy re-
quirements while preserving the capacity of future generations to meet their own energy
needs” [9] and is highly interconnected with many of the sustainable development goals
(SDG) of the UN [10]. In this context, the building energy sector plays a vital role in reduc-
ing global warming and in advancing intelligent buildings, intelligent cities, and intelligent
regions to stay up-to-date and competitive [11,12] while capitalizing on renewable energy
resources [13] and the context in general, e.g., geothermal energy.

The growth of renewable energy sources, distributed energy resources, smart grids,
and prosumer engagement, has added complexity and created new challenges regarding
the energy supply balance and stability of the overall energy system [14]. In regard to
the EU 2050 aim, a joint initiative between the SET Plan and Joint Programming Initiative
Urban Europe was created [15] and an Implementation Working Group handling Positive
Energy Districts (PEDs) for sustainable urban development was established in Autumn
2018. A target of initiating 100 EU PEDs by 2025 was set [16]. PEDs, also known as
“energy-efficient neighborhoods and energy-positive neighborhoods”, are system-level
concepts with local management of energy sources. The PED locally stores the surplus
energy or exports it to the overlaid grid and buys energy from the grid when there is a
shortage at the local level [14]. The definition of PEDs is that “Positive Energy Districts are
energy-efficient and energy-flexible urban areas or groups of connected buildings which
produce net zero greenhouse gas emissions and actively manage an annual local or regional
surplus production of renewable energy. They require integration of different systems
and infrastructures and interaction between buildings, the users and the regional energy,
mobility and ICT systems, while securing the energy supply and a good life for all in line
with social, economic and environmental sustainability” [17]. The PED concept is based on
earlier ideas of single nearly/net/positive zero energy buildings, extended with energy
mutuality between urban decarbonization and buildings [18]. The concept of PEDs aims
to deliver environmental, economic, and social benefits through the optimization of local
energy systems. PEDs constitute an innovative concept with challenging adoption and
implementation. Data from existing PED projects aiming toward effective energy transition
and sustainable urbanization a across Europe has been collected by JPI Urban Europe [19].

Through the “Clean energy for all Europeans package” [20], which was implemented
in 2019, the EU introduced the concept of energy communities (EC) in its legislation.
The aims were to empower citizens to drive the energy transition locally to benefit from
advantages such as improved energy efficiency, reduced energy poverty, lower bills, and
prospects for green local jobs [20]. The idea was that citizens would aid in improving the
public acceptance of renewable energy projects as well as facilitating private investments
and the restructuring of energy systems. In 2022, however, over 41 million EU citizens
were unable to warm/cool their homes adequately [21]. Energy poverty is a multi-faceted
phenomenon caused by low income, high energy expenses, and poor building energy
efficiency. Hearn [22] interviewed 20 stakeholders who were directly involved in managing
the development of PEDs, smart cities, or carbon-neutral districts, many of whom held
multiple roles. They noticed that stakeholders recognize significant potential in PEDs for
reducing energy vulnerability. Recognizing the potential contribution of ECs in realizing
an affordable, secure, and cleaner energy system, the REPowerEU Plan [23] proposed the
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political objective of, by 2025, attaining one EC per municipality with a population of higher
than 10,000. The EC goes hand in hand with PEDS.

PEDs are flexible and efficient energy areas and require the integration of different
energy systems (electricity, heating, cooling, energy storage) and interaction among users,
buildings, regional energy systems, transport, and information and communication tech-
nologies (ICT) systems. Energy-positive areas can be of many types and consist of many
different actors. Most existing PED projects (66%) connect newly built neighborhoods
to existing ones [24]. Technological limitations, complex ownership structures, building
protections, and the preservation of cityscape may present challenges in implementing a
PED, particularly in existing urban structures. However, approximately 75% of the build-
ing stock in the EU is energy inefficient [25], which make integrating and applying PED
solutions to the existing urban structure a priority. Terés-Zubiaga et al. [26] consider that
an efficient way to accelerate the reduction of energy consumption in the building sector
is by increasing renovation rates at the district level, which involves upgrading multiple
buildings within the same area.

An 8-step process of PED development was proposed by the Joint Research Centre
report, that is, “the science and knowledge service of the European Commission” [27]. The
report claims that the positive impacts of PEDs principally include a reduction in the EU
carbon footprint and the empowerment of citizens and stakeholders to take the lead in
their own communities. The report also states that the PED approach is complex due to the
potentially high number of technological combinations at the district level. In order to facil-
itate PED, the local management system needs to utilize innovative ICT and autonomous
cyber–physical systems (CPSs) for addressing the processes of controlling, managing, mon-
itoring, and optimizing energy generation, consumption, and trading [28]. CPSs form
part of the basic frameworks for the creation of smart and autonomous systems [29,30].
They enable, through multiple synchronous applications over diverse network structures,
continuous communication and data analysis among physical devices, cyber platforms,
and digital infrastructures [29,30]. Developments in computer science, electronics, and
robotics drive the advancement of automated sensing systems, reducing the limitations
of manual data collection. CPSs are being applied in the development of different smart
applications, such as smart buildings, smart cities, smart transport, smart grids and utility
systems, etc.

1.2. Achieving Positive Energy District Goals

In the 2010s, the European concept of smart cities put an emphasis on sustainable
urban environments that utilized smart technologies integrating data and sensors collecting
information from the surrounding environment. A minimum level of artificial intelligence
is fundamentally incorporated into the smart innovative technologies [31]. Whilst smart
home concepts aid end-users in comprehending their energy use, the concept of PEDs
aims to reduce energy consumption and locally produce more energy than is consumed
on an annual basis [32]. The PED concept originates in nearly zero-energy buildings and
zero-energy buildings (ZEBs), which introduce an integrated approach to energy efficiency,
emphasizing the utilization of renewable energy sources [27]. Urban development is
transitioning from building solutions toward advanced PEDs with the aim of accelerating
the transition of clean energy for achieving the EU’s climate and energy targets to a district
level [33].

The integration of different ICT and CPS tools is significant to develop smart cities
and PEDs. Progress in computer science, electronics, and robotics impels the development
of automated and autonomous sensing systems, which ensure consistency and enable the
optimization of processes, minimization of human intervention, and facilitation of remote
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surveillance [34]. Digital predictive technologies that use analytical approaches to identify
patterns and trends for predicting future events and outcomes are significant tools for
adhering to the targets of ZEBs and PEDs. Together with sensor-based control systems,
which activate diverse functions based on the detection of changes in the environment, ZEB
policies for buildings and PEDs are supported [35]. Interactions between humans, infras-
tructures, and technologies are increasing; hence, there is an emphasis on human-centric
PED designs [36]. Buildings, cities, and regions are utilizing technological improvements,
aiming for smarter performances and improved sustainability. This phenomenon is called
the urban intelligence concept [35]. Future cities will progressively be managed through
smart city solutions that consider the efficiency of water and energy consumption, waste
management, and reducing noise, pollution, and traffic congestion. Energy consumption is
the main concern of PEDs.

The three Ds, namely decarbonization, decentralization, and digitalization, are the
solutions proposed to meet the increased energy demand caused by urbanization, low-
carbon policy requirements, and a transactive energy market [37].

Decarbonization: The EU goals of climate-neutrality by 2050 are in harmony with the
decarbonization goal of developing smart CPS distribution systems that promote energy
efficiency, local energy accommodation, and energy transmission flexibility [38].

Decentralization: An increasing number of distributed energy resources are nowadays
integrated into the distribution system. Such DERs are building PV systems, electric
vehicles, and distributed energy storage. Consumers represent a significant component
of any smart energy system. In emerging distribution systems, electricity consumers are
going to be more actively involved in decisions regarding energy, including home energy
management and participation in peer-to-peer markets [39]. Since human behavior is
important in PEDs, emphasis toward cyber–physical–social distribution systems should be
considered [40].

Digitalization: To achieve real-time monitoring and control, smart devices are installed
in a distributed manner. These devices include control mechanisms, communication,
and a big collection of data. They are connected to each other or to the control center
via a computer network by wired or wireless communication techniques. This type of
digitalization through distribution systems describes CPSs [38].

1.3. Research Question, Aims of This Study

The research question of this study is as follows: What lessons can be applied from
diverse existing international projects regarding the transformation of neighborhoods into
new self-sustainable, positive and greener urban areas? To answer the research question, a
critical examination of existing PED initiatives, their success stories, good practices, lessons
learnt, and policy guidelines, together with challenges and obstacles, needs to be carried out.
This study aims to expand the current understanding of PEDs by thoroughly examining,
identifying, categorizing, evaluating, comparing, and presenting earlier research findings
in a structured way enriched with reasoning regarding the results. The ultimate aim is to
enhance comprehension and know-how about the creation and operation of PEDs and to
contribute to further development and research in this important domain.

1.4. Structure of This Article

The structure of this article is as follows: Section 2 describes the research method.
In Section 3, the analysis of experiences from existing PEDs is presented. This analysis
forms the basis of the PED Success Factor framework. The analysis is based on insights
from studies that examined multiple PED projects. In Section 4, the PED Success Factor
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frame-work is presented. In Section 5, the related outcomes are further discussed, and in
Section 6 the conclusions of the study and future research directions are presented.

2. Method
The explanatory research method was used in this study for exploring cause-and-

effect relationships, understanding underlying processes, and explaining phenomena in
more depth. This method supports researchers in gaining valuable insights into a topic,
clarifying concepts, and identifying patterns, before conducting more conclusive and
structured research. Opposed to descriptive research, that only describes phenomena,
explanatory research seeks to answer questions such as “Why does this happen?” and
“What factors influence this outcome?” Skinner et al. [41] argue that explanatory studies are
trying to answer two questions, namely “What are the causes of normative and differential
patterns of development as they unfold in the actual contexts of daily life?” and “What
are the mechanisms by which those causes exert their effects in shaping development?”
The aims of this explanatory study are to gain insights into what factors are important for
successful PED implementation and operation.

A systematic literature review following suitable approaches, such as the PRISMA
guidelines, is often regarded as a valid method for identifying and collecting related
documents, but a broad and wide-ranging topic, such as PED challenges and success
stories, requires a broader perspective and more flexible approaches [42]. Hence, although
this can be regarded as a limitation of the study, a systematic literature review approach
was not adopted.

A typical explanatory research method inevitably includes a literature review for
reviewing existing information in order to identify gaps or trends, seek new insights, and
evaluate phenomena from a different point of view. The overview on PED experiences,
such as drivers, success factors, challenges, and barriers, involves investigating various sci-
entific articles published in journals and conferences. As this study covers a wide-ranging,
complex, and interdisciplinary topic, a comprehensive critical literature review, follow-
ing suitable guidelines [43], was performed by searching for suitable scientific articles in
well-known library repositories, such as “Web of Science”, “Scopus”, “ACM”, “IEEE”,
and “Google Scholar”, using suitable keywords, such as “drivers”, “experiences”, “success
factors”, “challenges”, “barriers”, “positive energy districts”, and “PED” to identify rele-
vant documents that were then further processed and to critically analyze prior research
without bias.

This study strives to present a comprehensive collection of fundamental PED success
factors and to propose a suitable framework with the aim of improving the understanding
of critical aspects in the creation of PED projects. To narrow the research scope, this
study applies an explanatory research approach by exploring why something happens (the
creation of PEDs), explaining the causes (minimizing global warming) and consequences
(challenges and success factors).

Therefore, this study put emphasis on identifying studies within the literature that
explored the processes and outcomes of multiple PED projects. Hence, this study focuses on
expanding the existing understanding of PEDs by examining real-life PED experiences of
multiple projects to identify key success factors. These factors were further examined, which
led to the creation of the PED Success Factor framework. The framework highlights key
aspects and processes that need to be created and nurtured throughout the different stages
(e.g., initiation, planning, prototyping, execution/implementation, evaluation, etc.) of the
PED lifecycle. The process of mapping is important to understand and improve operations
by visualizing workflows, identifying inefficiencies, and promoting communication and
collaboration. Specifically, it improves the understanding of how work is performed, locates
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areas for improvement, and standardizes processes for increased efficiency and compliance.
It also ensures a more all-inclusive identification of stakeholders, capturing the dynamic
nature of their emergence, changes in relative importance, and withdrawal [44].

3. Experiences from Existing PEDs
3.1. First Study—Analysis of 62 PEDs

Saheb et al. [45] revealed findings from 62 pioneering PEDs identified in EU project
databases, such as Intelligent Energy Europe, CONCERTO, FP7, Covenant of Mayors. The
drivers they distinguished for utilizing PED approaches (in addition to contributing to
combating against global warming) were motivated by urban renewal and the conversion
of industrial or brownfield areas into residential or mixed communities. They emphasize
that “from a policy perspective, the concept of a zero-energy community has proven to be
hard to implement and evaluate” despite the fact that there is evidence for “the feasibility of
the zero-energy concept for individual buildings”. They emphasized the lack of consistent
terminology and targets used when implementing ‘zero energy communities’, which makes
it difficult for policymakers and academics to carry out independent assessment. They
identified a hierarchical approach that enabled decision makers to adapt to the specific chal-
lenges and opportunities of the local context. In our opinion, a democratic approach would
be preferable since stakeholder commitment is required and in a hierarchical structure full
commitment might be difficult. Moreover, they identified that cross-sectoral planning is
beneficial because in addition to energy issues, it might include other fields like waste or
water optimization. To improve citizen commitment, they identified capacity building
and training of municipalities and citizens as a way to enable their complete and effective
participation. They also emphasize that the adequate documentation and monitoring of
projects aims to offer a solid evidence base regarding what went well/did not go well and
mistakes and is significant for future PED development.

By analyzing the outcomes of Saheb et al. [45], some key aspects that lead to successful
PED development, adoption, and integration were identified, as presented in Table 1 and
further discussed and analyzed.

Table 1. Key aspects in developing effective PEDs.

Key Aspects in Developing Effective
PEDs Based on Saheb et al. [45] Analysis and Comments

“Clearly defined long-term targets, community
boundaries and values to support citizen
engagement”

The deep-rooted values and interests of individual societies display
divergence of values, having an impact on business models, governance
structures, decision making, knowledge sharing, social acceptance, etc.,
[46]. Therefore, it is of utmost importance that targets, community
boundaries, and values are discussed, aligned and clearly defined by
stakeholder collaboration from the very beginning. The value that each
strategic initiative is expected to create for the different stakeholders also
needs to be discussed and elaborated on. In particular, citizen
engagement is considered important in PEDs [47], and to make an
impact it needs to be embedded in every stage of the decision-making
process. Involving citizens is considered important in PEDs, as they
undertake an integral role in defining themes, finding solutions, and
identifying priorities for action [48]. Citizen involvement is, however,
voluntary, and it requires deep commitment, proper allocated time, and
an interest in co-creation.
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Table 1. Cont.

Key Aspects in Developing Effective
PEDs Based on Saheb et al. [45] Analysis and Comments

“Linking targets to community priorities such
as economic development, urban renewal,
energy poverty, energy security (especially for
isolated communities)”

In order to obtain political-level and municipal commitment and
financial support, it is significant to align PED targets with municipal
priorities. After identifying municipal priorities and having decided on
strategic initiatives, effective communication is needed so that all
involved stakeholders understand and agree on the initiatives. Strategic
project management improves decision making, project performance,
and competitiveness [22]. Strategic planning forms the path to follow,
but smooth alignment with project execution may be difficult if all
stakeholders are not onboard, giving rise to inadequate alignment that
causes inefficiency, and may not bring expected results. Hearn [22]
emphasizes that stakeholders perceive the reduction of energy poverty
as having significant potential in PEDs and highlights that PED
replication should, in addition to decarbonization, also address energy
poverty mitigation.

“Transposing long-term goals into milestones
and short-term objectives to avoid
discouraging the community”

PED implementation necessitates a profound understanding and
consideration of policies, priorities, strategies, resources, solutions, and
contextual conditions [11]. In strategic management, the vision refers to
mental images of the future (zero-energy communities), which become
tangible in the form of mission statements (100 PEDs by 2025), a
definition of the primary purpose that articulates the responsibilities the
stakeholders (distributed decision-making and stakeholder
commitment). The goals are attempts to improve performance by
making mission statements more concrete. Objectives represent the
operational definitions of goals in more precise terms and describe what
needs to be accomplished in order to reach the goals. A significant factor
that was identified in the four projects was to divide long-term goals into
short-term objectives and to use milestones. Balancing a long-term
vision with short-term milestones is critical for stakeholder commitment
and effective productivity.

“Measurable targets and a clear
implementation timeline”

An effective implementation plan with measurable targets and a clear
implementation timeline provides a feasible roadmap for project
execution. It outlines key elements to guide the PED project toward
successful project completion and goal achievement. The foundation of
the implementation plan relies on a well-defined project scope and clear
goals. Cai and Gou [49] proposed a set of performance indicators (KPIs)
based on the KPIs of existing positive energy buildings (PEB), including
the geometric data of the building and energy-related indicators, such as
the power of the PVs and the area of the PVs deployed. Similarly,
Barrutieta et al. [50] looked at building geometry, location, energy
consumption, and building-integrated photovoltaics and their
interrelations to create PED KPIs. Both studies emphasize that balance
assessment KPIs can include a renewable energy supply compared to
energy demand or annual energy exchanges with the grid. The Smart
Readiness Indicator (SRI) has recently also emerged as a promising KPI
aimed at energy savings and assessment of the ability of buildings to
respond to user needs and energy flexibility. SRI evaluates the capability
of a building to integrate future emerging technologies and adapt to
occupant requirements regarding the functionality levels of various
smart services [51].
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Table 1. Cont.

Key Aspects in Developing Effective
PEDs Based on Saheb et al. [45] Analysis and Comments

“Transparency about progress toward these
targets and any revisions or trade-offs made
during project implementation”

Transparency and inclusiveness toward KPI targets are essential for
tracking progress, making well-informed decisions, and driving success.
A communication strategy considering KPI transparency creates
alignment, trust, and engagement. Innovation is underpinned by the
concepts of invention (creation of a new idea or concept) and creativity
(the act of turning new and imaginative ideas into reality). Stakeholder
engagement is a key driver of PED value, enabling, inclusive, effective,
and sustainable energy solutions. Engaging stakeholders, in particular
citizens, enhances co-creation, aligns interests, and supports the
successful planning, implementation, and long-term sustainability of
PEDs. It maintains that PEDs are not only technically effective but also
socially accepted. The emphasis is on optimizing the value of the project
and innovation for diverse stakeholders (society, community,
institutions, and individuals) and boosting its impact [52].

“The supply and demand of urban services
(energy, waste, water and transport) needs to
achieve integration at a local level”

A strong awareness exists regarding increased well-being of people as a
result of accessibility to services and amenities provided in urban areas
and, as a consequence, the management of these services is a prior
concern for both citizens and PED planners. A PED performance-based
planning approach is built around urban ecosystem services, such as
energy, waste, water and transport [53]. The type of performance, for
example, what kind of ecosystem services should be targeted, depends
on service demand of the ecosystem, and the level of performance
depends on the impacts on ecosystem service supply [54].

“The local residents and community need to be
meaningfully engaged”

Local residents’ active participation is not only beneficial but essential for
successful PED development. It ensures that the development process is
inclusive, sustainable, and reflective of the needs and aspirations of the
PED. PEDs need citizens who are users, producers, consumers, and
owners, in addition to political actors. A combined effort from these
actors may have a significant impact on PEDs, driving the climate
transition, preserving the environment, and advancing the economy [47].

Furthermore, some key challenges were also identified based on the analysis of Saheb
et al. [45]. These challenges are presented and further analyzed in Table 2.

Table 2. Key challenges in developing effective PEDs.

Key Challenges in Developing Effective
PEDs Based on Saheb et al. [45] Analysis and Comments

“Lack of agreement regarding the definition of
a zero-energy community, its boundaries and
which urban services are included in it”

Kozlowska et al. [18] highlighted the need for a clear and comprehensive
PED definition, and the agreement of a coherent PED design approach.
In order to find an adequate balance between different energy sources in
a PED, it is imperative to identify which renewable energy resources are
suitable in the climate zone of the PED, which specific needs and
ambitions they represent, and what different functions and guiding
principles need to be optimized against each other [55]. When
developing PEDs, the specific situation of the urban context should be
considered, such as density, type of buildings, available local renewable
energy resources, etc. Most projects take different pathways due to local
circumstances regarding energy sufficiency measures, use of renewable
energy produced locally or nearby, and use of technologies for
minimizing energy needs. Also, the level and kind of local integration of
supply and demand of urban services play an important role.
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Table 2. Cont.

Key Challenges in Developing Effective
PEDs Based on Saheb et al. [45] Analysis and Comments

“Replication difficult because the geographic,
political, economic, historical, and social
context of urban areas differ significantly”

Across different countries, cities, or districts, standardized PED solutions
are difficult to apply because they are content-specific both regarding
existing values [55,56] and also because of their spatial and morphologic
differences [18,57]. The identification of common PED characteristics
was proposed for the creation of generic PED archetypes [18]. Key PED
characteristics were grouped into the following: (1) facts and figures
(built form, climate, density, energy demand, land use, renewable energy
potential, physical geographical location, sizes/population size);
(2) technologies (energy distribution (e.g., co-generation, district
network), energy-efficiency measures, energy storage, mobility solutions,
renewable energy supplies); (3) quality of life (accessibility to green
space, accessibility to services (e.g., bike lane, public transportation)),
health impacts (e.g., air pollution, noise pollution), local value/sense of
community, social-economic conditions, user comfort; and (4) other
(impacts of PEDs, local challenges, local targets and ambitions,
regulations/policies, stakeholder involvement.

“Governance and citizen engagement”

Energy citizenship denotes active participation in energy systems and
engagement in energy-related discourse through conscious decisions
related to energy [58,59]. The analysis approach, a combination of
citizenship critical social psychology and governmentality (a society
where members play an active role in their own self-government),
reveals neoliberal energy citizenship (free-market capitalism, reduction
in government spending and deregulation) as the dominant social
representation. It identifies unrestricted representations of energy
citizenship grounded in entrepreneurial energy engagement at a local
level. The image of an ethical PED prosumer has been argued to exclude
information for illiterate people to become prosumers [60] because of
their lack of energy awareness and energy action. Focusing on local and
human rights claims, the analysis of Nguyen and Batel [58] also revealed
the following two types of energy citizenship, namely the “active vs.
vulnerable consumer” (at national policy level tackling existing and
future energy poverty) and the “local–global citizen” (tackling global
climate matters by local energy actions).

3.2. Second Study—Insights from 61 PEDs

The insights from 61 PED projects were presented by Bossi et al. [24] following the
analysis of the JPI Urban Europe booklet [19] for identifying common characteristics to
advise and guide PED stakeholders. Further, 29 cases of the total 61 cases outlined in
the booklet reported a PED ambition. Bossi et al. [24] found that there is a geographic
imbalance between PED/toward-PED projects, most of them being in Norway (eight) and
only two in Eastern and Southeastern Europe, which they attribute to the existence of
particular matters or national programs that focus on PEDs.

In 2020, the majority of the PED projects were in the stage of implementation (69%); 24%
were in the stage of planning and only a few in the stage of realization (3%) or in operation
(3%) [24]. Toward-PED projects were in their implementation stage (44%); 13% were in the
planning stage and realized (9%) or in operation (31%). By analyzing the building structures,
they were grouped into “Newly Built”, “Existing Neighborhood”, and “Mixed”.

In total, 66% of the projects with PED ambition were a mixed type of neighborhood
with both newly built and existing buildings and infrastructures, 28% were newly built
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districts, and 7% were existing neighborhoods. Totally, 41% of the toward-PED projects
were based on existing neighborhoods, 38% on mixed type, and 16% were newly built.

A common PED approach seemed to be to combine a high number of energies. Totally,
29% of the PED projects used “moderate mixed” (2–3) energy sources, 50% used “highly
mixed” (4–5) energy sources, and 13% “very highly mixed”. Only 8% of the PEDs used a
single source of energy. Totally, 60% of the toward-PED projects were “moderate mixed”,
30% were “highly mixed”, 7% used only a single source, and only 3% used “very highly
mixed” energy typologies. Hence, we see that PEDs use more energy sources (4–5) than
toward-PEDs (2–3) for reaching the required energy surplus from renewable energy sources.
The preferred types of energies were district and local heating, photovoltaic, heat pump
systems, and geothermal energy [24].

Bossi et al. [24] summarize that the PED main success factors are as follows: “Stake-
holders; citizen involvement strategies, integrated technology and political support”. Siakas
et al. [46] also studied the JPI Urban Europe booklet and carried out a thematic analysis
for categorizing, extracting, and synthesizing texts. The data were examined to identify
common themes and topics, ideas and patterns of meaning that were expressed repeatedly.
The success factors they identified included early and broad stakeholder involvement, in-
terdisciplinary collaboration, and context-sensitive planning for addressing local needs and
avoiding unintentional consequences (i.e., gentrification, inequality). They also recognized
that enabling policies and financing instruments are significant for supporting innova-
tion, and scaling and replicating PEDs in diverse urban settings. However, for replicating
successful PED models, culture is a decisive factor that needs particular attention. A socio-
cultural, technological, economic, environmental, political, legal, ethical, and demographic
(STEEPLED) factor analysis [46] was proposed for a more complete assessment including
multiple aspects. Interdependencies between technology, governance, and market dynam-
ics characterize PEDs. Emerging contemporary technologies considered important for the
creation and operation of PEDs, such as cyber–physical systems, CPS, Digital Twins (DT),
artificial intelligence, Internet of Things, edge computing, and Blockchain technology, are
integrated and intertwined in different ways. A holistic, cross-disciplinary, and systematic
understanding is crucial for managing complexities and urban challenges.

The primary PED barriers are “access to adequate funding and business models”.
In comparison to traditional projects, PED projects are more expensive and complicated.
Hence, there is a need to adopt and apply advanced business models and obtain multiple
financial sources. Flexible regulations and a devoted legal framework are required for
meeting the new challenges. Based on the work of Bossi et al. [24], key areas to be examined
were identified, which are presented and further discussed in Table 3.

Table 3. Key areas to be examined.

Key Areas to Be Examined Based on
Bossi et al. [24] Analysis and Comments

“Using PED Labs for testing, experimenting
with different approaches and strategies,
elaborating with guidelines and tools and
monitoring of existing approaches.”

A living lab is an open innovation ecosystem where new ideas and solutions are
developed and tested in a real-world context. Open innovation is a tool for integrating
customers/end-users in the innovation process, particularly in the ideation stage of
innovation, where the voice of the customer is crucial for later customer acceptance
due to a feeling of participation and influence on the process/product [61]. A living
lab is an excellent place for developing and testing innovative ideas in real life. In a
living lab, end-users provide feedback at each stage of the iterative process. The
continuous feedback enables adaptation and improvement of the innovations to meet
end-user needs and requirements. PED projects usually create living labs across all
countries of the project aiming to pilot real-world solutions for more inclusive,
affordable, and sustainable energy systems.
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Table 3. Cont.

Key Areas to Be Examined Based on
Bossi et al. [24] Analysis and Comments

“Developing appropriate governance
structures and adaption of the legal
framework to fit PEDs consideration of
functional urban areas (regional perspective);
Collaboration within and between
stakeholders, such as city administrations,
civic society, energy providers, real estate
industry etc.”

Governance structures enabling policy and planning integration at both the vertical
and horizontal level are crucial for allowing multi-level coordination at the EU level,
national level, regional level, and local level. Public and private partnerships
involving local authorities, energy providers, real estate developers, and citizen
groups develop shared ownership and investment constructs that foster accountability.
In particular, citizen support is needed for urban transformation solutions [47]. Smart
integration and cross-sectoral collaboration between energy, transport, construction,
water, and waste sectors are desirable features that will add value to the creation and
operation of a PED.

“Incorporating of PED strategies into a
comprehensive urban planning:
mainstreaming of energy planning in urban
planning strategies; connecting energy
aspects with climate action; adapting
high-quality regarding functions and design.”

Due to changing meteorological conditions imposed by climate change, the modeling
of energy systems faces a transformation. As a result, a community of practice in
energy–climate modelling, aiming to increase the integration of energy system models
with weather and climate models, has developed [62]. Connecting energy aspects
through coordinated action across technology, policy, and society to climate action is
essential for effective climate change mitigation, a reduction in GHG emissions, and
the achievement of climate goals. A shift toward renewable energy, increased
efficiency, and inclusive, context-sensitive approaches requires coordinated action
across sectors and disciplines to attain a sustainable, low-carbon future [63].

“Developing achievable business models and
identifying funding opportunities: raising
awareness and aspiring for political support
regarding national programs; consideration of
alternative renewable energy sources and
technological solutions; exploring job creation
and boosting local/regional economy.”

A basic requirement for a PEB business model is the inclusion of a set-up of renewable
energy and energy storage. The development of common business models and
protocols to manage complexity and interdependencies is required and expected, but
practice has shown that PEB business models are different according to geographical
conditions, which impact both technology choices and energy needs. In addition,
every country has its own building traditions, socioeconomic conditions, legislation,
and building regulations. A practical roadmap, based on the business model,
effectively guides the implementation and operation process [46].

“Investigating strategies suitable for existing
urban structures: merging renewal and
greening strategies; including stakeholders
with a particular focus on landowners
and citizens.”

Aging infrastructure, heritage preservation, and dense populations are challenges that
PEDs meet in existing urban structures. However, several retrofitting and integration
strategies can facilitate existing districts to meet or exceed energy-positive targets [13].
Merging renewal and greening strategies in PEDs while meaningfully including
stakeholders, particularly landowners and citizens, is both an opportunity and a
challenge. Greening strategies concentrate on supporting well-being and livability by
focusing on vegetation and green spaces, improved air quality, biodiversity, and urban
cooling. Synergies between different approaches, such as circular economy, greening
strategies, building renovation, and energy retrofits emphasize solutions such as
PV-integrated shading, permeable surfaces, and green mobility. Circular economy is
an evolving business model that is considered restorative. It is increasingly considered
as an appropriate solution to achieving prosperity whilst acknowledging ecological
and social boundaries.

The “Covenant of Mayors for Climate and Energy” is a voluntary movement of
local authorities in the EU that develops and implements sustainable energy and climate
policies that created a guidance framework for potential PED developers by focusing on
leveraging the Sustainable Energy and Climate Action Plan (SECAP) methodology [64].
Additionally, common features between PED and SECAP processes were identified to
effectively plan and monitor sustainable energy and climate action while also being aligned
with specific KPIs. The framework underlines the importance of interoperability and
synergies, concentrating on “shared principles, compatible frameworks, common data
management, and specific integration points”, and focuses on four main stages, that is,
initiation, planning, implementation, and monitoring stages.

The project claims that the proposed framework supports PED replicability through
its “comprehensive energy simulations, collaborative planning, and adaptive measures”.
PEDs are considered to be a significant solution toward sustainable urban areas, aiming
to reduce GHG emissions and to enhance local resilience by integrating energy planning
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with broader urban development and stakeholder engagement. However, a good under-
standing and consideration of strategies, project features, and experiences form the basis
for designing and developing a PED project. The SECAP highlights a strategic systemic
approach that integrates climate, territorial, and energy planning. This entails analysis of
the data regarding morphoclimatic zones (landforms associated with a particular climate),
environmental variables and energy consumption, and the identification of targets and
selection of site-specific actions, supported by robust indicators for progress monitoring,
developing adaptation/mitigation actions, and increasing the environmental awareness
of the involved actors. The four-stage methodology is not a new approach, and it was
already defined as the project management lifecycle/project lifecycle in 1996 by the Project
Management Body of Knowledge [65] and Prince2 [66] and is a continuously evolving
process. The typical phases are initiation (project definition at a broad level), planning
(establishing the scope, objectives, and procedures), implementation/execution (carrying
out the project plan), monitoring/control (tracking progress and making necessary ad-
justments). In addition, a closure (finalizing and closing the project) follows. However,
the SECAP introduces a new EU municipality integrating an urban planning paradigm
related to energy efficiency and climate challenges. Citizen engagement, important in PED
projects, is nevertheless a gray area [67] that needs a multi-faceted approach that requires
particular caution, including application of combinations of factors, such as suitable incen-
tives, adequate education/training, inclusive governance, effective communication, and
active co-creation for boosting understanding, trust, and ownership regarding the measures
adopted in the district of the citizen [47].

3.3. Third Study—The Annex 75 Project

The Annex 75 project of the “International Energy Agency” and “Energy in Building
and Community”, with 25 collaborating partner from 13 countries, investigated similari-
ties and differences between them, emphasizing the balance between measures regarding
energy efficiency and renewable energy [26]. According to the related outcomes, the
technologies used in PEDs can be broadly categorized into (i) demand reduction/energy
demand reduction technologies, (ii) energy distribution and supply systems energy, and
(iii) storages. The readiness of the technologies should be assessed together with their cost
efficiency. Similarly, the required stakeholder engagement, policy implications, and repli-
cability should also be assessed, and prosumer models based on new energy community
legislation should be considered.

The Annex 75 project developed a methodology for examining the renovation of
buildings at the district level and its balance between cost-effective energy efficiency
measures and renewable energy sources. Three KPI were identified as the most noteworthy
in the methodology [26], namely,

1. Primary energy use (kWh/m2 year);
2. Annualized total costs (EUR/m2 year);
3. GHG emissions (CO2 eq/m2 year).

The sustainability and cost-effectiveness level of the renovation projects was defined
with reference to these KPIs. Dynamic simulations (e.g., with an hourly time interval),
were used for the evaluation of whole-system performance. The energy demands for
heating and cooling are based on the building dimensions and thermal properties buildings.
Electricity demand is calculated according to standard PED country profiles. Regarding
the supply side, centralized and decentralized energy systems and specific interactions
amongst the different technologies are considered in this methodology. The energy use
for space heating and cooling, ventilation, lighting and building supplementary electricity
consumption-integrated technical systems (pumps, fans, electric valves, pumps, etc.) was
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considered in the assessment. The characterization of energy systems involves four factors,
namely “cost (as a function of capacity), service lifetime, conversion efficiency, and associ-
ated energy carrier”. GHG emissions and consumption of primary energy are taken into
consideration by using corresponding county emission factors and primary energy factors.
This methodology was employed in a Portuguese real-life case study and the results were
analyzed in detail. The study was considered significant for demonstrating the applicability
of the methodology despite the fact that the results are from a certain Portuguese context.

Based on the Annex 75 framework, fifteen success stories were collected from seven
European countries [26]. The success stories disclosed that renovation on a PED level is very
complicated due to the high number of stakeholders involved, and the wide knowledge
and considerable financial resources needed. A main challenge (bottleneck) identified was
“the balance between energy efficiency measures and renewable energy use is based on
expert estimations and not on calculations”. District renovation was primarily initiated
by the readiness and support of “the municipality, a housing association, a residents’
association, or the wish of the inhabitants (tenants/residents)”. Early-stage communication
with tenants and citizens was significant for their engagement, which led to a significant
overall satisfaction rate. Also, a suitable coordinator/facilitator is essential. Main drivers
for PED utilization and its success were as follows:

• Raising the building to new modern standards regarding comfort and energy use: New
modern standards for comfort and energy use in buildings focus on energy efficiency,
indoor environmental quality, sustainability, and smart technology integration. These
standards evolve regularly to reflect advances in climate science, design practices,
materials, and occupant expectations. It should be noted that all new buildings in the
EU should show zero-emission by 2030, and existing buildings by 2050.

• Improving open space attractiveness: PEDs should not only be sustainable but also
livable, functional, live, energetic and vibrant in order to improve social acceptance
and the accomplishment of sustainable initiatives, and encourage citizen and com-
munity participation in energy-saving behaviors. Open space attractiveness in PEDs
is raised by (i) architectural esthetics design of urban areas, including green spaces,
pedestrian-friendly streets, public spaces for interaction, events, community use, smart
infrastructure and interaction, interactive energy displays and real-time feedback on
consumption; (ii) microclimate control, such as shading, wind buffers, cooling via
vegetation; (iii) noise reduction, adequate air quality, natural light; (iv) comfort and
well-being; (v) integration of energy infrastructure, such as solar panels, into visual
appearances; (vi) bike lanes and public transport access; (vii) accessibility (for all ages
and abilities) and functionality; (viii) mixed-use zoning to safeguard vicinity to work,
services, and leisure; (ix) social inclusiveness; (x) preservation of heritage and local
identity; and (xi) spaces that evoke pride, belonging, and enjoyment.

• Developing the image of the district: Involving citizens from the very beginning in the
PED project is identified as an effective measure for user acceptance and successful
PEDs [46]. Improving open space attractiveness will also develop the image of the
PED and increase economic value by attracting businesses and residents.

Funding is the main challenge regarding district renovation, but there also exist
challenges such as coordination of stakeholders, creation of optimal renovation measures,
and relocation of tenants during the renovation. Some of these challenges can be overcome
with an appropriate business model, whilst other challenges, such as the legal framework,
are more difficult to overcome.

Based on the related outcomes [26], the following implications can be highlighted:
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• Combining energy efficiency upgrades in district renovations with renewable energy
initiatives and wider urban or infrastructure improvements and social enhancement
can create greater value and result in more efficient use of financial investments.

• Technologically, there are opportunities that would not be possible through individual
solutions. However, there is a lack of technical know-how, knowledge, and protocols
to simplify the complex process, as well as a lack of resources for coordination work
depending on PED heterogeneity and complexity.

• The availability of financial resources is significant. The majority of PED projects are
partially funded by European funding or other public funding.

• Good coordination and flexibility are required. Project phases should overlap to
shorten long project timelines. The municipality has a critical role in integrated
planning and municipal action.

• Public support is central for enabling stakeholder dialog, stakeholder commitment,
and coordination work to successfully realize district renovation projects. The neigh-
borhood association or similar social stakeholders in the district are proposed to be
developed to aid this time- and resource-consuming process.

3.4. Fourth Study—Examination of Four PED Projects (Austria, Italy, the Netherlands,
and Romania)

Bruckner et al. [57] reported their experiences and lessons learnt regarding four PEDs
situated in Austria, Italy, Netherlands, and Romania, each of them with different climatic
conditions and unique energy challenges, such as outdated infrastructure or heritage protec-
tion. They emphasized the significance of innovative technologies like photovoltaic-thermal
systems, application of demand-side actions, and flexible grid usage. They emphasized
that implementing PEDs in existing urban areas presents several challenges, including
the absence of widely accepted methods for assessing energy balances, the complexity of
integrating renewable energy systems into dense and concentrated urban infrastructures,
and the need for multi-stakeholder awareness and collaboration to ensure smooth progress
and foster local acceptance.

System boundaries were determined from several perspectives, namely, (i) Spatial: the
geographical limits enclosing energy services and supplies; (ii) Temporal: the balancing
period (one operational year); and (iii) Functional: Use of energy, functions, requirements
(included or excluded), which can be grouped into the following:

• The innermost level—PED operational energy and user electricity;
• PED mobility aspects—everyday motorized private mobility;
• Climate-neutral PED—the outermost layer, PED-embodied energy and emissions

associated with district construction, mobility, maintenance, and repair.

A simulation and assessment framework entitled “PEExcel”, which is a decision
support system, was developed for the “climate neutral Positive-Energy-District” in Aus-
tria [68]. The aims of the framework were to allow practitioners and researchers to speedily
model and assess the PED primary energy and emission balance in an early planning phase.

4. PED Framework
The most significant success factors and lessons learnt from diverse existing inter-

national PED projects that can be applied to turn new PEDs into self-sustainable and greener
urban neighborhoods are summarized in the PED Success Factor framework presented in
Table 4. Specifically, the success factors and lessons learnt are categorized according to PED
factors and presented following the order in which the different processes occur in the PED
lifecycle. The framework is a process-oriented description of a PED that considers how
such a district is planned, developed, and operated over its lifecycle. Process orientation
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entails by focusing on business processes rather than highlighting functional structure or
hierarchy [69].

Table 4. PED Success Factor framework.

Stage PED Factors Success Factors

1. Initiation

Ideation Feasibility

Defining key objectives and high-level business case and rationale.
What is the project trying to achieve? Defining broad scope and
constraints. What are the initial risks, resources, and assumptions?
Investigating funding potential, job creation and boosting of
local/regional economy.

Stakeholders Identifying key stakeholders that will be affected and who should
be involved.

Technology
Identifying and creating an overview of diverse PED technology
options by considering alternative renewable energy sources and
technological solutions.

Funding Raising awareness and aspiring for political support regarding
national programs.

Policy Securing political commitment.

Aims Identifying and aligning existing policies to complement PED aims
and objectives

2. Planning

Business Goal Developing achievable business models and identifying
funding opportunities.

Stakeholder
Engagement

Motivating, encouraging, and engaging local stakeholders (community,
citizens, residents, businesses, and civic organizations) and promoting
collaboration among all stakeholders.

Strategy Developing a detailed strategy with the involvement of all
relevant stakeholders.

Measures Defining specific, measurable, achievable, realistic, and timely
(SMART) long-term goals and targets linked to community priorities.

Action Plan
Transferring long-term goals into an action plan consisting of
short-term objectives connected to specific milestones for greater
clarity, direction, and focus.

3. Prototyping

Prototype

Potential implementation of a PED Lab for elaboration of guidelines
and tools, experimentation and testing of different approaches and
strategies, and monitoring of results (this step is not mandatory but
provides insights before real-life application).

Data

Ensuring early-stage interoperability through effective and robust data
management frameworks and standardized protocols for successful
interaction between energy generation, consumption, and storage
systems at the district level.

4. Implementation

Monitoring Implementing monitoring processes to track progress toward goals
and objectives.

Transparency Ensuring progress transparency regarding the implementation of the
action plan.

Follow-up Ensuring that the strategy is successfully implemented.

5. Evaluation Assessment Evaluating the effectiveness of the implemented actions.

6. Valorization Dissemination
Exploitation

Dissemination and exploitation of best practices for potential
replication of identified PED success factors.

The success factors derive from the key aspects identified in the studies examined.
The related studies focused on exploring multiple PEDs across different settings; hence,
the related outcomes can be applied in various sectors. Figure 1 presents the key aspects
identified within the studies examined. Specifically, Saheb et al. [45] displayed conclusions
from a study of 62 projects regarding factors that are decisive for the proposed framework,
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namely success factors and challenges. The insights from 61 PED projects presented by
Bossi et al. [24] focused on success factors and action areas, while the Annex 75 project
with 25 collaborating partners by Terés-Zubiaga et al. [26] focused on lessons learnt and
main drivers for the adoption, integration, and utilization of PEDs. Through the study
of Bruckner et al. [57], which examined four PED projects, success factors and challenges
were identified.

Figure 1. Key aspects identified from the related studies.

The PED framework can be used in business environments to make organizations more
efficient and productive. It enables processes to be reviewed, optimized, and standardized
and help in dealing with problems and challenges that might arise. The PMBOK [65] is
a reference guide on how to complete a project in the best way. It is a set of processes,
guidelines, best practices, and tools for managing projects. The principles of the PMBOK
are used for the creation of the PED Success Factor framework.

Both PEDs and organizations are systems with interconnected components striving
toward a common goal, but with different focuses. A PED aims to reach energy self-
sufficiency and sustainability within an urban area, while an organization focuses on
achieving specific business objectives. Both involve strategic planning, resource manage-
ment, and stakeholder engagement to achieve their respective goals.

The overarching PED objective involves the creation of an urban district that produces
more renewable energy than the energy it consumes over a year. The physical scope
(neighborhood, business district, or mixed-use area) needs to be decided at an early stage
through stakeholder engagement, such as city planners, residents, building owners, energy
providers, and mobility operators. An important factor to take into consideration concerns
whether the planned PED will be created in a new area or if building retrofits will be needed.
New areas are easier to create, while in existing areas there may be challenges regarding
aging infrastructure, heritage preservation, and ownership. In addition to the energy
factor, PEDs also promise holistic sustainability, sharing of resources, and integrating
environmental, economic, and social well-being. This entails addressing social challenges
such as energy poverty and gentrification, and promoting inclusivity, citizen engagement,
and improved well-being.

In the planning and design stage, the urban design integration and the energy de-
mand need to be assessed together. Urban design integration includes high-efficiency
buildings, mixed-use layouts, optimized spatial orientation, and mobility planning, while
the energy demand concentrates on current and projected building energy use, mobility
patterns, and infrastructure requirements. Energy balance scenarios are usually tested
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in a lab or with simulation to examine whether the positive energy goals set are feasible.
Moreover, the consideration of contemporary, smart autonomous technology selection
is required for optimizing the use of energy via smart applications, storage, and flexible
consumption patterns.

In the operation stage, energy production and consumption across the district contin-
uously need to be tracked to follow-up the collective self-consumption and peer-to-peer
trading of energy, including mobility-energy integration of electric vehicles, change de-
mand, and potential storage. Performance is evaluated by comparing actual performance
to targets based on real data energy sharing rules and adjustable operations.

The PED Success Factor framework consists of success factors that are categorized in
five stages according to the processes in the PED lifecycle, namely,

1. Initiation: This stage is the first phase in the PED project lifecycle. It is a high-level
phase that plays a vital role in laying the foundation for the project’s success. During
this stage, the idea for the project is discussed, defined, evaluated, and authorized.
Without an adequate initiation, the PED project may lack clear direction or stakeholder
buy-in, increasing the risk of failure.

2. Planning: This stage is a critical phase where the project’s roadmap is developed. It
ensures clarity among stakeholders, provides direction for the implementation phase,
and sets a baseline for tracking progress and for performance evaluation. It involves
defining in detail the objectives, scope, timelines, resources, risks, and strategies
necessary to complete the project successfully.

3. Prototyping: This stage in a project lifecycle is a phase where a preliminary version of
the PED is developed to test key ideas or concepts, receive feedback, identify design
and usability issues, and validate feasibility. The living labs in PEDs are prototypes
that have been identified as particularly important for stakeholders and developers to
understand how the final PED might be. As it involves stakeholders early, it reduces
the risks of not meeting their needs. It also has the potential to detect design flaws or
technical challenges before full-scale development begins.

4. Implementation: This stage in a project lifecycle is the phase where plans and strate-
gies developed in earlier stages are put into action to create the actual deliverables of
the project. It is the main phase of the PED project, transforming plans into tangible
outcomes where resources, time, and effort are spent.

5. Evaluation: In this phase, the project is reviewed and assessed to determine how well
it met its objectives, what did/did not work well, and what lessons can be learned
for future projects. This stage is important because it aims to support accountability
and transparency, improve future project planning and execution, and encourage
continuous process improvement.

6. Valorization: Dissemination and exploitation of lessons learnt for making best prac-
tices and success factors available to other differing contexts.

Figure 2 provides an overview of the PED Success Factor framework in which the main
stages of the PED lifecycle are shown in the sequence they occur. Below every stage, within
the dotted box, the PED factors that need attention in that particular stage are highlighted.
These factors have been identified to be pivotal for the successful creation and operation
of PEDs.
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Figure 2. The PED Success Factor framework.

5. Discussion
In the strive for the EU to become climate-neutral by 2050 and a global role model

regarding energy transition, open sharing of knowledge and sustainable energy solutions
through collaboration and innovation is promoted. The aims of a PED ecosystem include
the development and maintenance of attractive, self-sustainable, and economically vi-
able EU urban areas, in which citizens, communities and their vicinity can thrive. The
pioneering concept of PEDs is winning ground in the EU. The EU’s SET-Plan, with its
goal of establishing 100 PEDs in Europe by 2025, focuses on resource pooling, knowledge
sharing, and collaborative solution development among stakeholders. The emphasis is on
the planning, implementation, and replication of energy-efficient self-sustainable PEDs.
Replication must be adapted to local needs and constraints. The main aim is to create a
surplus of renewable energy in the 100 PEDs and to gradually expand the concept to wider
areas. However, the results from the studies have shown that every PED context is different.
Each district has unique climate, cultural, political, financial, and technical circumstances,
making “one-size-fits-all” solutions unachievable. Recent studies have also highlighted
the impact of autonomous and hydrogen-based hybrid energy systems, which can further
facilitate the generation and distribution of energy even in rural areas and aid in achieving a
sustainable future [70–72]. Additionally, it is evident that PEDs are interdependent [11] and
have significant environmental impact [73], techno-economic implications [74], and a highly
regarded role in achieving SDGs [75]. As a result, it is important to consider the social,
environmental, and economic aspects of PEDs when assessing their development, adoption,
and integration [76]. Focusing on approaches that encourage social innovation [61] and
using suitable assessment methodologies [18] is vital for developing human-centric PEDs
that emphasize well-being, inclusion, and justice [36].

Our proposed framework, which focuses on processes, is in line with the outcomes of
other related studies which have also highlighted the significance of processes within PEDs.
Processes orientation in PEDs refers to the structured, stepwise, and context-sensitive
approaches needed to plan, implement, and scale PEDs effectively. Very few studies can
be found in the literature that emphasize processes orientation in PEDs. Sareen et al. [77]
for example, argued that a well-designed processes according to the various develop-
ment phases is required in PEDs. The PED Success Factor framework brings forward the
processes in all phases of the PED lifecycle. Other studies mention processes as a major
component of PEDs. Turci et al. [78], for example, proposed the use of the Theory of Change
(ToC) to facilitate PED implementation. The ToC is a structured process-oriented roadmap
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that outlines consecutive actions regarding how a PED project is expected to achieve its
planned goals. Hence, processes have a central role in the ToC, which enables a shared
understanding of a problem and supports decision making toward a solution. Similarly,
Krangsås et al. [11] stated that the main challenges for developing PEDs are governance,
incentive, social, process, market, technology, and context. To address the challenges, which
are both interrelated and interdependent, the processes behind them need to be understood.
Natanian et al. [79] also focused on a process-oriented perspective and emphasized that
a holistic framework is needed to address the multi-dimensional challenges of the PED
design process. Similarly, Kozlowska et al. [18] highlighted that to make coherent decisions
in the PED design and planning process, social, ecological, and cultural factors need to be
considered. Therefore, the proposed PED framework is process-oriented and focuses on
key processes that lead to the successful adoption and implementation of PEDs.

The outcomes of this study contribute to widespread PED implementation through
learning from challenges and success stories. The explanatory research approach used in
this study enabled a deeper understanding of the PED phenomenon, clarification of diverse
PED concepts, and the identification of patterns related to outcomes and lessons learned
from existing PED projects. Reported success factors, good practices, policy guidelines,
challenges, barriers, and obstacles were thoroughly investigated, evaluated, categorized,
and compared to unveil patterns of lessons learnt from diverse existing international PED
projects. The outcome of our study resulted in the PED Success Factor framework, which
illustrates a description of the success factors that most frequently occur in the literature,
organized according to the PED lifecycle processes.

Nevertheless, the two most frequently emphasized PED characteristics for success are
stakeholder commitment and technological solutions. In particular, citizen commitment
has already been recognized by the EU already through the creation of ECs. Stakeholder
dynamics, which include the changing roles and perceptions of stakeholders, have been
studied and found to be of utmost importance for successful PED implementation. In PEDs,
stakeholders have shifting roles and diverse incentives among actors. Stakeholders need
to be organized through interdisciplinary collaboration and supported by well-defined
policies, stakeholder management frameworks, and effective governance to align interests
and address multifaceted challenges. The main concerns for successful PED implementation
are stakeholder co-operation (commitment and cross-disciplinary collaboration) and new
measures for achieving high energy efficiency, local renewable energy generation, and
energy storage and flexibility, as well as energy sufficiency.

A PED ecosystem depends on a wide range of technological solutions, including
smart meters, smart technologies, intelligent software agents, Internet of Things, peer-
to-peer networks, and blockchain-based systems for secure and transparent transactions.
Standardized protocols and robust data management frameworks are needed to integrate
the different technologies and maximize interoperability, which is a critical aspect for
microgrid operation and interconnected distributed solar home systems, known as mesh
grids or swarm electrification. Data exchange platforms enable interoperability within the
ecosystems, enabling seamless interaction and integration among various energy systems,
technologies, and stakeholders. Security and integration standards are evolving. The
clean energy market, which utilizes renewable energy sources with minimal impact on
the environment, is increasingly dependent on digital technologies and interconnected
infrastructures, which in turn creates increased potential cyber threats and cybersecurity
concerns regarding how to secure reliable operations of interconnected PED systems.
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6. Conclusions
A main incentive for piloting a number of PED cases in the EU until 2025 has been the

creation of a foundation for understanding the benefits, values, scalability, and replicability.
The results from diverse projects have shown that a holistic cross-disciplinary approach for
mainstreaming PEDs or their fundamental components across a larger number of settings
is crucial, requiring the integration of STEEPLED aspects for effective planning and design.

PEDs are fundamental for achieving sustainable urban development through their
enhancement of energy self-sufficiency and reduction in GHG emissions. They have steadily
gained significance and recognition on the policy agenda of the European Commission
regarding energy transition. PEDs aim at achieving a net positive energy balance and
reduced GHG emissions through high energy efficiency, renewable energy generation, and
energy flexibility at the district level, as well as extensive stakeholder involvement and
collaboration. PEDs face challenges associated with governance, context-specific factors
and integration of STEEPLED factors.

The emphasis of this study was to gather insight into the factors used by the EU
municipalities that have been the frontrunner in setting up PEDs. It was noticed that
buildings that are substantially energy-efficient are at the cornerstone of low-carbon com-
munities. The aim of this study was to examine existing PED initiatives by looking at PED
eco-systems and documented success factors to unveil what lessons learnt from various
existing international projects could be applied to turn new PEDs into greener and self-
sustainable urban neighborhoods. The main contribution of this study is the proposed
PED Success Factor framework, which is a process-oriented framework that presents key
processes that are required for the successful creation, adoption, and operation of PEDs
based on the experiences and outcomes of PEDs.

Future work will concentrate on analyzing the influences of STEEPLED factors on
PEDs. Specifically, emphasis will be placed on the role of each STEEPLED factor in the
context of PEDs and how they may be interrelated to each other. This will help us extend
the PED Success Factor framework processes with a more detailed description of each
process, including technology integrations, time and cost, tasks, roles, and risk factors,
such as cybersecurity threats, data privacy and safety, digital literacy, and energy poverty.
Additionally, given the exploratory nature of this study, the proposed framework not yet
being validated through a case study and the study not adopting a systematic approach
can be regarded as the main limitations. Hence, future studies are encouraged to further
examine the key aspects of PEDs through a systematic literature approach to identify
key enabling technologies and issues that need to be addressed. Moreover, there is a
need for case studies to be conducted to explore the implications and impact of PEDs
and the role of stakeholders in their successful realization. It is also important to avoid
gentrification when greening districts and ensuring equal access to the required resources
and infrastructure. Hence, it is vital to identify the key mechanisms that ensure that
low-income and underprivileged residents as well as vulnerable groups are not excluded
from the merits that PEDs can bring. However, given their social influence, it is important
to further examine the social KPIs of PEDs, such as energy affordability and resident
satisfaction. As PEDs are highly reliant on technology, future studies should put emphasis
on identifying key cybersecurity threats in interconnected grids, on ethical concerns, and
on data security and privacy issues.
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