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Abstract. The development of Positive Energy Districts (PEDs) is a complex process that
involves the integration of various technologies, stakeholders, and policies. To facilitate this
process, a database for PEDs has been developed as a joint effort of COST Action 'PED-EU-
NET', IEA EBC Annex 83, and JPI Urban Europe. This paper reports on the realization of the
PED-Database framework and its online implementation as a modular web interoperable
platform, giving details on the development life cycle since the scoping phase up to the testing
phase. The PED-Database offers a variety of implementation strategies and conceptualizations
for the PED concept, making it a valuable resource for urban planners, policymakers, and
researchers. The testing phase has shown that there is no one-fits-all solution for PED
implementation, and the overall PED framework definitions require further detailing in the local
context. However, the database allows users to visualize and compare different PED scenarios
by customizing their selection, accessing to the information provided by real PED cases that best
meets their expectations and goals. Overall, the PED-Database provides a valuable tool for the
development of sustainable and energy-efficient urban areas.

1. Introduction and aim

Positive Energy Districts (PEDs) should be designed in a highly structured manner, considering local
resources and specific challenges, while involving urban stakeholders at a high level and strongly linked
to global governance models, where all factors are important [1].

Several factors are critical to Positive Energy Districts (PEDs) and involve both technological and
non-technological elements that impact the three main components of energy: efficiency, renewable
energy production, and flexibility with storage and demand side management. The PED concept
emphasizes the decentralization of the energy system, which enhances energy security and resilience,
actively involves end-users in energy management, and transitions urban environments towards fossil-
free and climate-neutral solutions.
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Successfully embedding PED solutions in existing urban contexts presents a significant challenge, as it
requires addressing differences in geographical, historical, economic, social, and cultural backgrounds.
Achieving this objective requires concepts that go beyond technical feasibility and embrace a diversity
of different approaches.

The capacity building process is essential for stakeholders to develop each element of the PED in
close collaboration with partners, which underscores the need for a shared strategic vision among all
actors involved in the process. While previous studies have focused on identifying specific aspects of
PEDs such as energy or social [2;3], while other authors have also identified PED challenges and barriers
[4] there is clearly a gap of finding good examples of PED developments [5]. A tool is missing that helps
to map, filter, sort, and compare PED experiences while providing a balanced overview of the
technological and non-technological solutions adopted in different PED projects. Zhang et al. started to
develop a dedicated database that must be further expanded/interoperated through an interactive
dashboard [6]. It reports and visualizes the initial analytical results of 60 existing PED projects in Europe
about their main characteristics, including geographical information, spatial-temporal scale, energy
concepts, building archetypes, finance source, keywords, finance model and challenges/barriers. The
IEA EBC Annex 83, COST Action ‘PED-EU-NET’, and JPI Urban Europe, all of which are pioneer
initiatives conducting research on Positive Energy Districts (PEDs), collaborated to develop a tool called
the 'PED Database'. The tool aims to map, filter, sort, and compare PED experiences, providing a
balanced overview of the technological and non-technological solutions adopted in different PED
projects that require the cooperative involvement of multiple stakeholders. The capacity-building
process encourages the participation of all stakeholders involved, including researchers, policymakers,
industry experts, and community members.

The aim of this work is reporting on the realization of the PED-Database framework and its online

implementation in the form of a web interoperable platform [7]. Municipalities can benefit from the
Database as a tool for browsing different practices, searching for similar examples, and accessing
practical information and insights. Similarly, researchers and practitioners, such as architects, urban
planners, engineers, and economists, can use the Database to seek information, compare and analyse
data, identify patterns and narratives, and share knowledge.
An important task for JPI Urban Europe, through its operational program, the "Driving Urban
Transitions Partnership," will be to communicate the content and findings of the Database to policy- and
implementation-related target groups in an appropriate and effective manner, including municipalities,
urban practitioners, and end-users [8].

2. Methodology

In the framework of the PED-Database development, a core aspect is the subdivision of the development
process into a series of phases (also referred to as the database development life cycle (DDLC)). The
database development moves through this life cycle starting with the Scoping Phase of establishing
requirements expressed as a statement of requirements with the aim to create a framework for data
collection from demo cases.

Then follows the implementation process, based on an online template, which was structured to
collect the relevant info. Close cooperation within the three involved initiatives and their working groups
was ensured by iteratively elaborating on the template.

A well-structured data collection was conducted. This task required external assistance from PED
developers who are in charge and responsible for the gathered information (e.g., researchers, energy
vendors, DSO (distribution network operators), TSO (transmission system operators), aggregate,
technology providers, etc.), auditors (e.g., technical architects in charge, energy audit company,
consulting expert) or any other actors within a public—private partnership who are actively involved in
the projects. Finally, a testing phase was initiated as the last part of the DDLC.
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2.1. Scoping phase

The main scope of PED-Database is to provide data on the state-of-the-art development in PED model
in order to devise methods to characterize these districts, but also recommend concepts, solutions,
strategies, and best practices for their effective grounding in different geographical contexts and
according to multiple stakeholders’ needs and expectations.

As explained above, the PED EU NET Database is the result of collaboration of many researchers and
practitioners in the PED field. The included parameters are designed to comprehensively characterize
the PED concept and enable a learning process by the PED community. The database currently, consists
of two main blocks structured into six strictly interrelated sections (Fig.1):

e A central nucleus that collects information about PED/PED-relevant case studies and PED Labs.
This part is structured in the following three sections: 'Section A' (i.e., Al. Global
Characteristics, A2. Technological Aspects and A3. Non-technological Aspects), 'Section B'
(i.e. B1. PED Case studies in detail and B2. PED Labs in detail) and 'Section C' (i.e., C1. Drivers
and barriers). Currently, a total of 109 parameters and 455 options are collected in this block
and implemented in the online platform.

e A supporting nucleus of information related to PED concept is structured in three
complementary sections: 'Section D' on General Projects/Initiatives, 'Section E' on National
Policies and Strategies and 'Section F' on Technological and Non-technological related
Solutions/Innovations. 'Section D' has been fully developed and integrated into the online
platform, consisting of 16 parameters and 7 options. As regards 'Sections E' and 'Section F' are
under development, and further sections may be added in the future, following the logic of
modularity and ability of implementation of the Database.
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HOMEPAGE

. - TR
Alignment with
¥ L
i JPI Urban Europe
o & ® SECTION E
o ® L]
P
R & [ SECTIONF |
SECTION B
Ocue spo @ Casestuty |
¢ Alignment with
+ PED-DB | Scope @_ — IEA-EBC Annex 83
+ PED-DB | Target Groups
+ PED-DB | Specific objectives SECTIONC

Figure 1. Structure of the PED database
2.2. Implementation phase

2.2.1. Selection phase

Based on the characteristics of the existing PEDs and PED Labs as well as the available bibliography, a
first selection of the entries that should be collected by the database was made. This selection was
expanded and agreed upon by the different working groups of the initiatives involved, resulting in a list
of variables required in different sections of a survey to characterize each case study. Subsequently,
these entries were validated by providing this list to groups outside the development of the PED-
Database that had real cases. These groups assessed the questions in each section of the survey and
provided their comments, indicating what they thought was missing or what they believed was
redundant. This review led to filtering and refinement of the survey in each of its sections through much
more precise and specific questions. This process has resulted in a PED-Database that allows the
maximum possible information to be extracted from each case, structured in sections as explained in the
scoping phase.
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2.3. Data collection phase

Data collection is the process of gathering information for use in strategic planning, research, and other
purposes. In this case, it is a crucial step to comprehensively characterize the PED concept, as effective
data collection provides the necessary information to answer questions, analyze performance or other
results, and predict future trends, actions, and scenarios. The data collection process is carried out in
three main stages.

o In the first stage, a data collection plan is created, and specific DB guidelines are developed,
and the main actors are identified. Two main collaborative roles are involved: the PED Database
Editor and the Input Form Editor. The DB Editor is responsible for establishing effective
communication with key PED/PED Lab case study contact persons to encourage their
participation as input editors in the PED database. At this stage, the DB Editor invites Input
Editors via web links to complete PED project and case study forms. Before issuing an
invitation, the DB Editors can check in the DB backend which Input Editor has already been
invited. The DB Editors' register is then updated with a record of the projects and case studies
assigned to each DB Editor.

e In the second stage, appropriate data sources are identified, and Input Form Editors fill in the
required information through online forms. The DB Editor provides advice to the input editors
as needed. When the input form is submitted, the project/case status changes from draft to
pending. A standard has been developed for entering individual entries into the PED database.

e In the third stage, completed information is evaluated prior to publication on the PED-EU-
NET website. The DB Editor checks the completeness and accuracy of the information filled in
the different input forms (case studies & projects). Major changes and clarifications will be
discussed between the DB Editor and the Input Form Editor before authorizing the publication
of the PED projects/cases in the database. The status will change from pending to published in
the backend DB. Once published, the information is accessible through the front-end design of
the PED Database. The home page allows users to view the maps and tables of the PED cases
and associated projects without having to register [9].

2.4. Testing phase

In this phase the fundamental thing is to make the necessary tests to verify that the database is in
agreement with the introduced data as well as not going to have errors with respect to the applications
and tools that other users are going to use.

To begin with it is important to have a group of people with independent responsibilities both for
entering the data; that would be the editors, as well as another group of people who are able to verify
that the data entered have been stored successfully and used in accordance with the technical
specifications of the database [9].

In this way there is a phase prior to the testing that would be to obtain the data of the case studies to
be entered into the database; these data, which will be provided by other users and collaborators of the
database itself, will be the fundamental part of this web tool.

The next step would be for the database editors to enter all the case studies that have been received
in constant coordination with the subject that has provided that case study.

Finally, this phase of testing is done once again in coordination with the people who have offered
their case study, making a verification that the editors of this database have entered the case study of a
person in coordination with that person will verify as an external user to the database that all data have
been entered correctly and are available to everyone who is interested in making free queries in this
database, in this way has been validated each case study PED separately, once all are validated will have
been tested the PED database [10]. In this phase, the fundamental objective is to conduct necessary tests
to verify that the database accurately reflects the entered data, and to ensure that there are no errors with
respect to the applications and tools that other users will be using.
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3. Results
The platform is set up and running, a first round of data collection is being performed both at case study
and project level.

The designed PED-Database introduces definitions and insights that will guide cities’ stakeholders
in the creation of capacity at different levels as well as by defining core capabilities. The developed
framework provides an understanding of PED concepts, planning values, and functionality criteria to
create a learning environment for capacity building and, at the same time, to establish a vision for future
districts.

Dedicated Database Editors will review the gathering of data assuring their consistency and
transform them into an understandable, common language that will be displayed in the platform. The
sustainability of the Database is critical in terms of contributions and research, and, for this reason, the
three initiatives - COST Action PED EU NET, IEA EBC Annex 83 and JPI UE - have planned to
maintain the Database after the Action lifetime, as it will be adopted by another host that works closely
with Action group. The DDLC will be repeatedly revisited.

The structure developed by this database has generated an interface that shows the results stored in
a differentiated way in map or table view. Each of the stored PED developments can be assessed in
detail or even compared with other cases, facilitating the identification of common or differentiating
elements. Another aspect to highlight is that this web platform facilitates quick access to general project
information, as well as identifying the PED cases associated with each project.

4. Conclusions

The database for PEDs is a joint effort of COST Action ‘PED-EU-NET’, IEA EBC Annex 83 and JPI
Urban Europe to provide a wealth of information about new and refurbished urban environments aiming
to produce more energy than they consume. This paper reports the realization of the PED-Database
framework and its online implementation in the form of a web interoperable platform, which has been
designed in a modular way, allowing the division of the general survey into smaller and independent
sections that facilitate data entry and subsequent processing. The internal peer-review process for the
data entry through the editors assures that the data in the database is sourced from reliable and verified
information, ensuring its accuracy and reliability.

The development process moves through a database development life cycle (DDLC) starting with
the scoping phase of establishing requirements expressed as a statement of requirements with the aim to
create a framework for data collection from demo cases. Finally, a testing phase has been initiated and
these are the main conclusions extracted from this first analysis:

e There is no one-fits-all solution for PED implementation. Overall PED framework definitions
require further detailing in the local context [11]. The PED Database provides an overview of
not only different implementation strategies, but also existing different conceptualizations and
approaches for the PED concept.

e Thanks to contributions, all inputs are collected in the Database, the users of the platform can
visualize and compare different scenarios of PEDs by customizing their selection. Before
exporting, it can be displayed in the user-friendly frontend of the PED-EU NET Database that
covers each KPI resulting from the gathered information by DB editors. Then, the selected
comparison can be saved as an output file and successively can be exported as a .csv format file.
In this way, users of the tool can select and work on the information that best meets their
expectations, goals, and then build their own further storytelling.
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