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Abstract: Positive energy districts (PEDs) consist of more than three interconnected buildings that
annually produce more renewable energy than what is consumed within the district boundaries. To
achieve the annual surplus of energy, implementation of renewable-driven and innovative technolo-
gies is needed. However, most cities struggle in deciding what technologies are more suitable for their
environment due to the lack of information and experience in a holistic approach. A decision-making
tool has been developed within MAKING-CITY, with the collaboration of ATELIER project, to assist
in the PED technology selection process, empowering cities with information and recommendations,
in line with their district context and city objectives.
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1. Introduction

While only 2% of the Earth’s surface is covered by cities, they contribute to more
than 60 per cent of greenhouse gas emissions [1,2]. Currently, over 68% of Europeans
live in cities, and this number will rise. In 2050, it is expected that 70% of the world
population will live in cities. That is why cities are committing to strong objectives,
otherwise the world will be heading for a temperature rise beyond the Paris Agreement
goals [3]. In Europe, various concepts have emerged, such as nearly zero energy buildings
(NZEB), installation of renewable energy sources (RES) [4], waste recovery technologies [5],
innovative storage solutions [6] and local energy communities [7] (which in principle leads
to a high involvement of citizens). Literally, positive energy districts (PED) are just a
combination of the above-mentioned solutions applied in a specific area.

Multiple definitions of PEDs are currently being used [8–10]. For MAKING-CITY
project, PED is “an urban area with clear boundaries, consisting on buildings of different
typologies that actively manage the energy flow between them and the larger energy
system to reach an annual positive non-renewable primary energy balance” [11]. To
implement the PED concept, RES, information and communications technology solutions,
interaction with external grids and outside boundaries and, reduction of the energy demand
are needed [8–10]. MAKING-CITY developed a methodology for designing PEDs in
cities [11–13], and one of the phases refers to the identification and selection of the PED
technologies that cities will test inside their PED boundaries. In this decision making-
process, most cities struggle due to the lack of information of innovative technologies and
especially on how to achieve a positive energy balance at district level, integrating different
energy carriers and technologies. Thus, a tool has been developed within MAKING-
CITY [14], with the collaboration of ATELIER project [15], to assist PED technology selection
processes, empowering cities with information and recommendations in line with their
district context, city’s needs, and objectives.
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The first step of the tool is to decide the objective of the city by implementing a PED
and the district boundaries considered for it (geographical, virtual or functional). Then,
district context questions on resource availability, urban macroform, land use context,
energy infrastructure and services (intended to be supplied by the PED to the wider grids
to the district heating, power and gas networks) and social structure, are directed. In each
step, different hints are given as an attempt to assist cities for understanding the questions
properly. Finally, a diagram of the PED is presented, displaying the interconnections be-
tween technologies, grids and buildings, and providing recommendations to be considered
by links to a technology solution catalogue of the individual solutions.

2. Methodology for PED Technologies Selection

The overall methodology for PED design of MAKING-CITY is a procedure composed
of five phases encompassing a decision-making route that underlines citizen engagement
throughout this process. It considers the priorities and needs of the cities, followed by
the identification process of the PED concept boundary and selection of proper PED
solutions peculiar to the cities. One of the phases of the methodology for PED design
under MAKING-CITY underlines the need for selecting which kind of actions, elements
and technologies that the cities would like to install in the identified PED area. This phase
has been divided into six steps to guide cities in the decision-making route for selecting
different technical and non-technical solutions that could lead to achieve a positive energy
balance and at the same time, fulfill their city objectives. At step I, the level of ambition of
the PED is decided. At step II, the PED technology tool is used, to direct the city in order
to link to technology packages. At step III, the city prioritizes some technologies from the
recommended technologies of the tool. At step IV, barriers or enablers of those technologies
could be analyzed (if needed, the city can go back to step II). At step V, different scenarios
combining the selected technologies can be analyzed, and as a result of all these efforts,
annual energy balance can be calculated (Step VI) to evaluate if the annual positive energy
balance has been achieved. The steps are illustrated in Figure 1.
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The algorithm of the decision-making route, has a decision tree behind, where each
question adds/removes some technical and non-technical solution to/from the list, and
at the end the technologies are connected to each other (by developing parties) forming a
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technology package. The decision tree will be programmed in a web-based tool accessible
to all cities, where different questions are directed and as a result, a technology package is
recommended. The questions are divided in three blocks, as shown in Figure 2.
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Figure 2. Levels of questions within the tool.

The answers to each question will add/discard some technologies. For example, if
your ambition level is to achieve self-sufficiency, technologies such as thermal and electric
storage are recommended. When geographical limits are chosen, big power plants such as
wind turbines or hydropower are not recommended, as they are usually located outside the
district limits. If there is space available in any roof, solar photovoltaics and solar thermal
technologies on roofs are recommended.

3. Technology Selection Assistance Tool Format

The combination of the technologies will result in a recommend technology package
(see Figure 3). In Figure 3, the technology package shows that there is interaction with
the wider infrastructures, such as the electricity grid, and the on-site technologies, such
as photovoltaic panels can supply the demand of the buildings and the water–water heat
pump, as well as e-cars’ demands. When the technology package is recommended, the
user/city can access to more information individually per technology (through the SPEC
cards [11]). The results of the tool are organized as a technology package since PEDs cannot
be identified by stand-alone technologies.

The recommendations will guide the city about the possibilities of technologies,
connections between technologies, buildings, storage, and mobility solutions, and possibly
about non-technical solutions, such as business models could be recommended. Each
technology within the package is linked with the associated so-called “SPEC Card”, which
are the detail cards within MAKING-CITY solution catalogue. General information on the
technology, how it works, associated business model and stakeholders, expected impacts,
replication potential, barriers/enablers for implementing the solution and its integration
with other smart solutions are detailed in the associated card. All SPEC Cards may be
reviewed under “PEDBoard”—the solution catalogue [11].
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Figure 3. Recommended technology package for a self-sufficient PED district, that wants to interact with user, match
heating production with electricity production, and export energy to the grid. Additionally, it has solar and wind resources,
space on roofs and waste heat available.

4. Results: Testing the Tool within the Projects

MAKING-CITY is a large-scale H2020 Smart Cities and Communities demonstration
project aiming at the development of new integrated strategies to address the urban energy
system transformation towards low carbon cities, with the positive energy district (PED)
approach as the core of the urban energy transition pathway. The insights of Groningen
(Netherlands) and Oulu (Finland), as “lighthouse cities”, will be adopted by the six follower
cities of Bassano del Grappa (Italy), Kadıköy (Turkey), León (Spain), Lublin (Poland),
Trenčín (Slovakia) and Vidin (Bulgaria). The six follower cities will test the tool within
the project to help their decision-making process of designing their PED implementations.
A similar approach will be followed with the six follower cities of ATELIER project. The
tool will guide cities in the decision-making route for selecting different technical and
non-technical solutions that could help cities to achieve the PED concept.

For now, the tool was presented in a webinar and a MURAL workshop was con-
ducted to get feedback. The gaps identified were: questions may be linked with the local
innovation ecosystems; affordability and cost of the technologies must be addressed in
order to identify the target of the district; questions regarding nature-based solutions,
waste/materials/water reuse should be integrated; and the tool should support the pre-
feasibility stage.

The tool goes beyond the state-of-the art technology catalogues with an integrated
approach. The tool aims to empower municipalities, citizens or any developer by providing
hints and recommendations for technologies integration, interaction with the wider grids
and information on single technologies and, therefore, be a step closer in the energy
transition towards the desired city. This publication will be followed by another one that
will analyze the impact of the tool and the results within follower cities of MAKING-CITY
and ATELIER projects.
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