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Abstract: Cities are at the centre of the debate to mitigate climate change. A considerable number
of cities have already made commitments to sustainability transitions through the introduction and
integration of green strategies. Moreover, in the past few years, Europe has witnessed an increase in
the development of smart cities and advancement towards creating more sustainable cities. At the
moment, an innovative concept in smart city development involves Positive Energy Districts (PEDs)
that further encourage districts and cities to become carbon neutral. This paper looks at the five
cities of Maia, Reykjavik, Kifissia, Kladno and Lviv that are a part of an ongoing H2020 project. The
purpose of the paper was to understand the status quo of energy transition in these five cities as they
embarked on the PEDs journey and identify associated challenges and benefits that PEDs brought to
each city. The information was collected through a knowledge gap survey, City Vision 2050 workshop,
discussions during the City Forum and individual interviews with city representatives. Cities across
Europe and beyond may find themselves in a similar situation, and therefore, this paper also provides
brief set of checkpoints to prepare new cities for the PED journey, thus enabling them to transition
towards PEDs more efficiently.

Keywords: replication; energy transition; cities; challenges; Positive Energy Districts

1. Introduction

In 2020, as economies struggled with the weight of COVID-19 lockdowns, renewable
sources of energy such as wind and solar photovoltaics (PV) continued to grow rapidly, and
electric vehicles set new sales records. The new economy has characteristics of being more
electrified, efficient, interconnected, and clean. Solar PV and wind are now the cheapest
available sources of new electricity generation. However, this positive situation is countered
by the sharp increase in prices in natural gas, coal, and electricity markets [1]. While there
have been significant advances in renewables during the pandemic, 2021 witnessed a large
rebound to coal and oil use. This led to the second largest annual increase in carbon emissions.
Therefore, the energy sector must be at the heart of the efforts to tackle climate change [1].

Cities are the focal points for de-carbonization strategies relating to energy, transport,
buildings, industry, and agriculture [2]. While cities occupy only 2% of the total land, they
account for 40% of the total energy consumption, contribute to 70% of the greenhouse
gas emissions and about two-thirds of global energy demand [3–5]. At the moment, 55%
of the world’s population live in urban areas, and this is expected to increase to 68% by
2050 [6,7]. Cities have access to large capital and abundant know; therefore, they have
the ability to create the economies of scale essential for the piloting and scaling up of new
ideas [2]. In the past, services and infrastructure development ‘reacted’ to expanding cities
instead of being ‘planned as a process’. This is a reason why utilities are not aligned with
infrastructure and why cities often do not have fully integrated water supplies or electricity
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networks. In addition, the success is also heavily dependent on proper identification of any
potential obstacles and rebound effects such as unintended indirect impacts [8].

Dealing with the climate emergency is not only the responsibility of cities but also
of citizens who are not only political actors in a governance structure, but also users,
producers, consumers, and owners. A combined effort from these actors may have a huge
impact on urban areas, associations, and homes, thus propelling the climate transition,
advancing the economy, and preserving the environment. As evidently said by the Mission
Board for Climate-Neutral and Smart Cities, citizens and civil society have to be given
more substantial roles, new platforms for action, and better resources [2,9].

The imperative role of cities in sustainability transitions is also emphasized in the
Sustainable Development Goal 11 that aims to “make cities inclusive, safe, resilient and
sustainable”. The United Nations has adopted the ‘New Urban Agenda’ [5] and the
European Union has implemented the 2016 Pact of Amsterdam [10] to address societal
challenges and include urban aspects in policies. Furthermore, the European Green Deal
makes explicit reference to cities to reach the European Union’s (EU) climate-neutral and
circular transition objectives [4].

Identifying the key trends in urbanization likely to unfold over the coming years is
crucial for the implementation of the 2030 Agenda for Sustainable Development, including
efforts to establish a new framework for urban development [7]. A significant number of
cities has already made commitments to sustainability transitions: Copenhagen (Denmark)
is focusing on being the first carbon-neutral city by 2025; Adelaide (Australia) aims to have
zero net carbon emissions and 50% renewables by 2025; Amsterdam (The Netherlands)
aims to halve the use of new raw materials by 2020 and be fully circular by 2025; while
Oslo (Norway), Los Angeles (United States), Stockholm (Sweden), Beijing (China), London
(United Kingdom), and the San Francisco Bay Area (United States) have announced their
ambitions to become electric vehicle capitals or leaders [4].

Transforming the building stock, mobility systems, industries and urban infrastructure
will nonetheless require heavy investment and requires an integrated approach across all
government levels including housing, transportation, energy systems and simultaneously
employment, education and other urban services. This, in turn, leads to positive outcomes
such as better well-being, business opportunities, and increased growth for all [4]. The
pace of urbanization is predicted to be the fastest in low-income and lower-middle-income
countries. Focusing on the urban and rural poor as well as vulnerable groups must also be
considered for the urban transformation and development processes [7].

1.1. Positive Energy Districts (PEDs)

The emerging trend of positive energy districts (PEDs) is a transition towards more
energy-conscious behaviour that calls for extensive and innovative engagement approaches
and co-creation practices [9,11,12]. However, it is first crucial to define and understand
different types of PEDs. The SET Plan Action 3.2, JPI Urban Europe and the EERA Joint
Program on Smart Cities describe PEDs as follows: “Energy-efficient and energy-flexible
urban areas or groups of connected buildings producing net zero greenhouse gas emissions
while also having an annual local or regional surplus production of renewable energy.
PEDs require integration of various systems and infrastructures and interaction between
buildings, 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 sus-
tainability” [11]. The European Energy Research Alliance (EERA) classifies three categories
of PEDs [13,14]:

1. PED autonomous: a district having clear geographical boundaries that is completely
self-sufficient energy-wise. This means the energy demand is covered by renewable
energy produced within the district. The district is thus not allowed to import any
energy from the external electricity grid or district heating/gas network. Energy
generated in excess may be exported;
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2. PED dynamic: a district having clear geographical boundaries with annual on-site
renewable energy generation higher than its annual energy demand. The district may
also openly interact with other PEDs as well as the external electricity grid and district
heating/gas network;

3. PED virtual: a district that makes use of virtual renewable energy systems and energy
storage located outside its geographical boundaries. The combined annual energy
production of the virtual renewable energy systems and the on-site renewable energy
systems must, however, be greater than the annual energy demand of the district.

Positive energy buildings or Plus Energy Buildings (PEBs) are also essential to mitigate
climate change. PEBs refer to energy-efficient buildings that ‘produce more energy than
they consume’. However, the concept of PEB is quite challenging in terms of, for example,
renewables, time span, emissions, and building type. Similar to PEDs, there is not one
definition of PEBs, and therefore there is a lack of technical solutions and business models
to support the development [15].

When integrating decentralized renewable energy systems in cities, upgrading the
district scale is much more beneficial than upgrading only one building. With PEDs,
renewable energy may be evenly distributed throughout the district which allows the
renewable energy systems to be installed in a much more strategic manner. Renewable
energy plants and storage may also be constructed on a larger scale, thus leading towards
cost efficiency [16]. With reference to replication of PEDs, the Smart City Information
System (SCIS) defines replication of PEDs as the possibility of transporting or ‘copying’
results from a pilot case to other geographical areas with potentially different boundary
conditions [8]. In other words, if a pilot PED was proven to work in one community or
region, it could be exported to other communities or regions (indigenously or abroad),
considering that the boundary conditions could differ from those in the piloted community
or region. Replication may also involve the management process that was used in the pilot
scheme or the cooperation structure between critical stakeholders.

1.2. Literature Review

Although many European cities are leading transitions to low-carbon energy, there
is no common definition, roadmap or guidelines to ensure the actual feasibility of PED
designs, mainly because cities are in planning or early implementation stages, According to
Zhang et al. [17], most of the PED projects are in the implementation phase, i.e., 26 projects,
and 17 projects are being planned. In total, 16 PED-related projects have already been
implemented or are in operation, out of which 5 projects have completed implementation
but have yet to integrate the energy systems into the existing local energy networks. The
remaining 11 projects are in the operation stage. At the moment, Norway is leading with
nine PED projects, closely following by Italy with eight PED projects.

Evidence also shows that real-life PEDs often go beyond the frames set by the defini-
tions. As explained by Derkenbaeva [12] through their study of 11 implemented PEDs in
Europe, this is because the concept fails to consider the contextual factors that are inherent
in them: spatial (neighbourhood, city etc.); technological (energy system and infrastructure);
economic (funding, cost savings etc.); environmental (weather conditions and pollution);
and social (stakeholder partnerships, community etc.). According to the study [12], it could
be beneficial to view PEDs by combining a complex adaptative systems (CAS) approach
and the doughnut economics view. The CAS is a complex system that consists of a dy-
namic network of micro- and macro-interactions of component and emphasizes that any
single component of the system cannot be understood separately but must be explained
holistically as a system of components and their interactions. The doughnut view demands:
(1) not to exceed the ecological ceiling by exhausting the natural resources, and (2) to ensure
that every individual’s needs are met by creating a socially just space for humanity [18]. The
combination of the two approaches is valid as PEDs bring together agents (end users, com-
panies, governments) and technologies to form a complex system, impact other parts of the
system and aim to resolve access to energy and climate change [12,19]. Krangas et al. [20]
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studied the needs for supporting PED development using the European Cooperation in
Science and Technology (COST) Action as an expert platform. The study also highlights
similar concerns as raised by Derkenbaeva [12] that PEDs require a thorough understand-
ing of a city’s contextual conditions, policies, priorities, strategies, and resources. It is also
essential that the city is well equipped with knowledge, skills and technologies to plan,
design, implement, monitor and replicate PEDs. Lindholm et al. [14] explored the essential
factors for planning and implementing different types of PEDs (autonomous, dynamic and
virtual) in different regions in Europe. The authors assessed the European energy market
by analysing the best suited renewable sources to integrate in PEDs (such as wind and
hydro), finally proposing an onion model to construct PEDs. The model proposes that
most of the PEDs can be built outside of the city center to produce more renewable energy
than what is consumed; therefore, they can export renewable energy to the inner city and
maintain overall self-sufficiency of the region. Zhang et al. [17] studied the characteristics of
60 existing PED projects in Europe such as geographical information, spatial-temporal scale,
energy concepts, and building archetypes to finally develop a PED database for knowledge
sharing and give useful guidance for future PED definitions. Mihalova et al. [21] studied
residents’ preferences for PED configurations in Switzerland. The study revealed that the
preference greatly depends on the resident’s car and home ownership, age, household size
and values.

Despite PEDs being a hope for dealing with climate change and having the ability to
transform cities into healthier environments, the journey leading to PEDs is indeed diffi-
cult as cities encounter similar challenges at various phases of their PED projects. Zhang
et al. [17] describe several types of barriers faced at each phase of the PED development
process such as the fact that administrative and stakeholder issues are evident in all three
phases: planning, implementing and operation, while environmental issues such as pollu-
tion reduction are evident only in the operation phase. Krangas et al. [20] revealed seven
prominent factors in PED development, ranked from highest to lowest: governance, incen-
tive, social, process, market, technology and context. Good et al. [22] analysed barriers to
smart, demand-side interventions for neighbourhoods and districts and highlighted similar
challenges: political/regulatory, economic, social and technological. Similarly, SCIS [8] also
outlines four main clusters that require ample consideration when approaching replication
in a project: technical, financial and economic, regulatory and administrative, and lastly so-
cial (softer aspects such as stakeholder engagement). Bossi et al. [23] uncovered 21 success
factors connected to PEDs with the top 5 factors including stakeholder involvement, inte-
grated technology, funding and business models, political support, and citizen involvement
and support. In addition, the study showcased 17 challenges that specifically highlight
legislation and regulation as a large obstacle. It is interesting to note, however, that the
success factors may become challenges, depending on the local circumstances. For example,
good political support in one city could make the PED project a priority; however, lack of
political support may create more obstacles in another city. Siddarth et al. [24] explored
10 questions related to PEDs and offered preliminary responses to each, such as the required
conditions to support rapid scaling, essential engagement and governance strategies and
reducing energy demand. In addition to expert advice, the study also highlights many of
the same key PED barriers as those observed in earlier studies including lack of technical
capacity and access to advisory services at the local level, inadequate citizen awareness
and mobilisation, lack of resources for the city to conduct systematic outreach programmes
and a tendency to have sporadic and ad hoc interventions instead of holistic deployment of
complementary measures for interoperability across interventions and sectors within PEDs.
Uspenskaia et al. [25] studied how Leipzig West could be transformed into a PED, the
challenges that occur in the process and how the Leipzig model could support replication
in other cities.

Rehman et al. [26] analysed energy technologies, control strategies and varying loads
to support a demo building to reach the positive energy building status in the Nordic
climate; however, the results revealed that it proved difficult to reach Net Zero even when
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including all energy demands. On the other hand, a similar study performed in Italy by
Magrini et al. [27] showed the demo building producing an energy surplus and meeting
the positive energy building requirement; however, the demo building was located on the
outskirts of the city. This highlights yet again that PED boundaries have to expand and be
made more flexible, as provided by Virtual PEDs.

An essential point to highlight here is also the importance of stakeholder participation,
which is different from citizen and community engagement. Stakeholder engagement is
about engaging experts who will be responsible for implementing a strategy, while citizen
and community engagement is specific to a project in response to a strategy. Both are
equally critical elements of any successful PED journey [8].

As PEDs are multidisciplinary, they also offer an opportunity for social and organi-
zational learning. Within the context of urban transformation, social and organizational
learning can be conceptualised as ‘learning that takes place in social units and occurs
through social interactions between actors and their environment and can lead to changes
in understating attitudes and norms in individuals as well as changes in social and orga-
nizational structures both formal and informal’ [28,29]. Social learning can shape rules,
norms, roles and power relations within established social groups [30] and help establish
new relationships, social structures and shared identity [31,32]. A broader and lasting
change will occur in the urban governance and stakeholder ecosystem if stakeholders
understand procedural, organizational and social aspects of the project [33,34].

1.3. Purpose of This Paper

This paper looks at the five cities of Maia (Portugal), Reykjavik (Iceland), Kifissia
(Greece), Kladno (Czech Republic) and Lviv (Ukraine) that are a part of an ongoing Hori-
zon 2020 smart city project Sustainable Energy Positive and Zero Carbon Communities
(SPARCS) [35]. The SPARCS project has two Lighthouse cCties (Espoo and Leipzig) and
five Fellow Cities. Lighthouse Cities develop and test integrated innovative solutions at
a district scale and act as exemplars for their region in several aspects such as building
energy efficiency, maximising use of renewables, electric fleet and ICT [36]. A city can be
funded as a Lighthouse City only once under the Horizon2020 program. Fellow Cities
are cities that have yet to acquire the technical competence to become a Lighthouse city.
However, Fellow Cities are fully involved in a project from the beginning and work actively
to replicate specific solutions that have been applied in Lighthouse Cities. Participating as a
Fellow City gives cities an opportunity to possibly become a Lighthouse City in the future.

This study focuses on the five Fellow cities of Maia, Reykjavik, Kladno, Kifissia and
Lviv. This the first analysis of its kind as it walks through the energy transition experience
of each city until now, collects information on associated challenges and provides a future
outlook for each city with regard to PEDs. Table 1 shows the profile of each of the five cities.
It is envisioned that the analysis will also support other European cities in evaluating their
energy transition status and how to move forward in implementing PED solutions.

The paper is structured as follows: Section 1 is the introduction to energy transition
and PEDs. Section 2 presents the approach and method adopted for the paper. Section 3
presents and analyses the information collected from each city, and Section 4 provides the
discussion and Section 5 is conclusion of the paper.
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Table 1. Profile of the five cities based on project information and the study by Uspenskaia [25].

Maia Reykjavik Kladno Kifissia Lviv

Climate
(Köppen–Geiger system)

Warm and
temperate (Csb)

Marine West
Coast Climate

(Cfc)

Warm and
temperate (Cfb)

Mediterranean
climate (Cfa)

Humid
continental (Dfb)

Share of energy demand
covered by RES (% of end

energy demand)
26.5 100 1.82 - -

Share of electricity demand
generated by RES (% of

electricity demand)
45 100 2.05 - -

Renewable energy sources
in use

Hydro, wind,
solar

Hydro,
geothermal

Solar, partially
hydro and wind - -

Other sources of energy Natural gas, oil None Coal, natural gas Coal, natural gas,
oil

Natural gas
(heating)

Note for Maia: % of RES in use in Maia depends on the national electricity production (and import) infrastructure.
The values fluctuate in time and the current value is an approximate. Note for Kifissia: Kifissia does not own any
RES production. The first public PV systems are being established through SPARCS. Note for Lviv: Lviv does not
have RES production itself. The city is a part of the united energy system of Ukraine, and it is not possible to get
information for Lviv separately, however, Lviv does provide heating using natural gas.

2. Materials and Methods

As the process of implementing PEDs in any city spreads over several years and demands
much detailed data collection and analysis, the authors have provided a first overview of the
cities in a simplified form in this paper and will be providing a deeper analysis in the papers
that follow. Figure 1 shows the data collection approach adopted for the paper.
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2.1. Knowledge Gap Survey

As a first step, an internal online knowledge gaps survey was conducted at the start
of the project in 2019 to obtain a full picture of the initial situation in the five cities. The
survey focused on technical aspects as well as topics such as data governance, innovation,
business models and finance. The results served as a basis to align the needs of the five
cities with the two Lighthouse Cities and also bring the missing knowledge areas to the
attention of the project partners who also play the important role of providing continuous
support to the cities. Table 2 illustrates some of the information collected from the cities
during the survey.
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Table 2. Topics covered in the knowledge gap survey and example questions asked.

Examples Questions in the Survey

Knowledge Exchange Questions

• What do you expect from the Knowledge exchange?
• Is your city interested in knowledge transfer (webinars/workshops)

regarding smart grids/distributed energy generation?
• Is your city interested in knowledge transfer (webinars/workshops)

regarding open data management?

City Vision and Civic Engagement

• Has a city vision been developed in your city before?
• Does your municipality have a unit dedicated to project

management regarding energy and sustainability?
• How do you think the local construction industry is responding to

sustainability and energy challenges?

2.2. City Vision 2050

The purpose of City Vision 2050 was to cover the key strategic areas such as energy
and mobility as well as any associated areas and to also involve policy makers, relevant
stakeholders, citizens and communities in developing a realistic vision [37]. A city vision
describes how the community envisions the desired future. It expresses the community’s
ideal of what it wishes to become and gives a sense of direction about where the city is
headed. The city vision is used as the starting point for transformation, usually defined
by political leadership based on strong participatory processes. The city vision workshops
were organized in all five cities of Maia, Reykjavik, Kifissia, Kladno and Lviv as well as the
two Lighthouse Cities during September–November 2020. The five cities, including the
two Lighthouse cities, also received practical guidelines on how to conduct the workshop.
The guidelines provided important information such as creating a schedule, forming a task
force, selecting key strategic areas and defining the status quo, setting up a participatory
process and conducting the city vision workshops. Depending on the city, the city vision
workshop could last one day or up to two days. It was organised by every city, respectively,
together with local stakeholders in their respective native language, and the cities could
decide whether they wanted a remote or a physical workshop. The cities will, nonetheless,
continue to update their vision throughout the project and beyond.

2.3. City Forum

City forums are an internal project event held every three months with the objective of
fostering knowledge exchange between cities and technical partners. The city forum held
in February 2022 was arranged and specifically adapted for the purpose of following up on
PED progress in the five cities and more importantly, to let cities openly discuss related
issues. This forum had more than 30 participants including city representatives and also
technical partners. The forum served as a complementary method to the semi-structured
interviews (Table 3).

Table 3. City forum questions.

What challenges are you facing in your city regarding PEDs?

What do you wish to learn from other cities?

What is your advice to a new a city that wants to plan PEDs?

2.4. Interviews with City Representatives

Semi-structured interviews were held with city representatives to allow a deeper
insight into the complexities of PED development. The interviews were held individually
with the five cities in March 2022, and they took place virtually. Since the research on
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these five cities is particularly novel, the sampling of the interviewees was linked to city
context and setting. Hence, the interviewees were mainly city project coordinators and
local partners (Table 4). Furthermore, it is relevant to note that the interview responses are
from the project representative’s perspective only. The interviews are a continual of the
initial knowledge gap survey conducted at the very start of the project as well as the city
vision workshop.

Table 4. City representatives interviewed.

Interviewees

Maia
SPARCS project coordinator—City of Maia (1)
Technical experts—City of Maia (1), EDP NEW (1),
Porto Energy Agency (2)

Reykjavik SPARCS project coordinator—City of Reykjavik (1)
Technical expert—Reykjavik Energy (1)

Kladno SPARCS project coordinator—City of Kladno (1)

Kifissia SPARCS project coordinator—City of Kifissia (1)
Deputy Mayor (1)

Lviv SPARCS project coordinator—City of Lviv (1)

The interview questions were categorized into three topics: energy transition, PED
learnings and value and reflection and way forward (Table 5). The questions were designed
to elicit simple answers and to encourage the cities to share their experiences from being
part of the project so far. The categories and related questions reflect the project work
done in the five cities during the past two years and also reflect the fact that as a result of
participating in various project activities, the cities now have some experience to share and
have more knowledge about their respective cities.

Table 5. Research questions for direct semi-structured interviews.

Topics Interview Questions

Energy transition How would you describe your energy transition efforts? For example, the starting
point and where you are now.

PED learnings and value
(a) What were your learnings during the work?
(b) What was the added value of PED development?

Reflection and way forward What would you do differently, if you could, to change or improve energy
transition in your city?

3. Results
3.1. Maia

The city of Maia is located in the northwest part of Portugal and has 134,988 inhabitants
(2020) with a density total of 1640 inhabitants/km2. It is also one of the most industrialized
municipalities of Portugal and an important transportation hub. The municipality of Maia
started its work in the field of sustainable energy in 2012. The city of Maia made its first
energy matrix in 2014 where the city analysed the current state of energy consumption
in Maia. The city later developed the sustainability strategy and in 2014 the Sustainable
Energy Action Plan (SEAP) that consists of a set of technical measures, planned to be applied
between 2015 and 2025. One of the goals of the city is to promote a change in citizens’
habits and behaviours as well as to apply specific strategies against actions resulting in a
lower degree of energy waste and energy inefficiency. In Maia, energy efficiency is thought
to be achieved through various measures focusing on service and residential buildings, the
transport sector and public lighting. The city strives to create favourable conditions for
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significant energy efficiency policy development by increasing its energy efficiency and
reducing energy use by 30% until 2020, 35% by 2030 and 45% by 2050. In addition, the
city has planned to retrofit its older buildings and to increase the production of energy
through PV. However, the city wishes to integrate all the policy documents instead of
having separate documents to have a faster approach for energy transition. Also, despite
having an energy and mobility division, the city claims there is a lack of qualified personnel.
Other obstacles include acquiring relevant energy data from stakeholders, lack of interest
of residents in sustainable behaviour, access to the best technology, regulatory barriers and
an unpromising overall economic outlook which leads to a lack of financial resources for
energy efforts. These obstacles lead to difficulties in planning and in communication with
stakeholders, further delaying the work. It also happens very often that the decisions for
the city of Maia are made ‘together’ with other municipalities which often does not create
favourable circumstances for the city of Maia. Working in developing PEDs has nonetheless
given an opportunity to learn how to scale up solutions and led to deeper discussions with
city officials.

3.2. Reykjavik

The city of Reykjavik is the northernmost capital in the world. It has 131,136 inhabi-
tants and a population density of 480 people/km2. Reykjavik is one of the cloudiest and
coldest capitals of any nation in the world. It meets all of its electricity and heating needs
from renewable sources (hydro 71% and geothermal 29%). Reykjavik is also the principal
owner of Reykjavik Energy and subsidiaries who generate and distribute energy, water and
waste in the capital as well as owning and operating the city’s ICT grid. Reykjavik was the
first municipality in Iceland to make a policy on the reduction of greenhouse gas emissions
in 2009. Among the city’s strategic plans targeting climate and sustainability issues is the
Reykjavik Municipal Plan 2010–2030. Approved in 2014, it aims for a 35% reduction in
greenhouse gas emissions by 2030 from 2007 and a 73% reduction by 2050. At the moment,
approximately 80% of the houses are currently heated with geothermal energy. Production
of electricity from wind will most likely grow in coming years following the rapid decline
of cost, but it is unlikely that PV will play a large role because of how far north Iceland
is positioned and because of the abundance of natural resources that allows it to produce
electricity and heating very cheaply. However, the transport and housing sectors have
not received much focus. The housing sector in particular requires much attention as the
city must think of ‘sustainable housing’ from scratch. Transport is the biggest emission
producer as residents are very much dependent on cars. The share of public transport
such as buses is only 8%, and other methods of commuting such as walking or biking
are only 19%. While the city witnessed a surge in electric vehicles, a new concern is to
sustain, develop and maintain the infrastructure to support the rise in electric vehicles.
Nonetheless, the city has provided several initiatives for supporting electric vehicles; for
example, residents can apply for funding to have a charging station near their home.

3.3. Kladno

Kladno is a city in the Czech Republic with 69,000 inhabitants and a population density
of 1852 inhabitants/km2. It is located 25 km from the Czech capital city of Prague and
often suffers from the “sleep over city problem” as a stop on the way to the metropolitan
area. The municipality aims to raise Kladno’s attractiveness and create its own set of
niche-strengths. An existing good example is the e-bike sharing scheme at which Kladno
is the forerunner in the Czech Republic (first municipality in the country to start e-bike
sharing in 2018). Kladno has several strategic documents in different stages of development:
an already agreed Strategy of Sustainable Development 2014–2020, the SECAP as a result
of the SPARCS project activities, a sustainable mobility plan is currently being finalized,
and the Program for Regional Development 2014–2020 is already in place. Nonetheless,
the SPARCS project was the starting point of energy discussion in Kladno. There were
earlier discussions, but it was not connected to the overall strategy goal. At the moment,
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the project activities are also supported by the pressure from the EU and the Green Deal
which create a much more encouraging environment. Since the use of coal is banned in
Europe from 2030 onwards, the country has to rethink energy supply, and this supports
the development of PEDs. However, the city still faces the obstacle related to bureaucracy.
It is challenging to persuade stakeholders as they lack time, or they may or may not be
interested in energy efficiency. Often, there are only a limited number of people within
the municipality who push for energy efficiency. The rest continue to have a ‘business as
usual’ attitude towards construction and energy-related topics. The city of Kladno feels
it must maintain the energy efficiency enthusiasm generated by SPARCS and continue it
with future projects as much as possible because once the city’s participation in SPARCS
ends, then all other energy efforts also come to a halt.

3.4. Kifissia

Kifissia is a municipality in northern Athens in Greece with 71,259 citizens and a
population density of 2095.85 person/km2. Kifissia is situated 12 km northeast of Athens
city centre and is the head of the regional Northern Sector which consists of an agglomera-
tion of 12 municipalities. The city is characterized by a Mediterranean climate with cool
summers compared to Athens centres. The city adopted SEAP in 2015 and simultaneously
the Sustainable Urban Mobility Plan (SUMP). Moreover, the activities included in the
subsequent action plan ultimately aim at improving social and economic well-being of
inhabitants while enhancing the local economy and employment conditions as side impacts
of the energy and environment-relevant interventions. Nonetheless, the city of Kifissia is in
the early stages of energy transition, where most of the building stock was built in the 1980s
and 1990s. Therefore, the buildings are not aligned with energy efficiency regulations. The
transport sector also comprises traditional cars that use fuel. The city, nonetheless, has some
plans for incorporating geothermal and solar PV into buildings. The first feasibility study
for electric vehicles has also been conducted. The major problem in the city is bureaucracy,
as many departments need to be involved for paperwork and approvals. In general, the
city must push for a change in its energy culture since at the moment the residents have
‘non-energy efficient behaviour’.

3.5. Lviv

Lviv, located in western Ukraine, is an ever-growing city of ca 758,000 inhabitants
with the population density that totals 4390 people/km2. Over 100,000 citizens living in
the suburbs commute daily to study and work in the city. The greater Lviv agglomeration
has approximately 1,229,000 inhabitants. In 2011, the Lviv city council approved the
“Program of Sustainable Energy Development in Lviv by 2020” (SEAP). Its main goals
included a reduction of CO2 emissions and energy consumption (both by 20%) and an
increased share of renewables in city energy balance (20% by 2020). Preparation of the
new plan is in progress. The city also has a green city action plan and an integrated
urban development concept that emphasize e-mobility and renewable energy. The city
is a working environment for 25% of all Ukrainian ICT specialists, and the IT sector is
continuously attracting new businesses and professionals. A vivid start-up culture has
emerged around the Lviv ICT cluster. That, in turn, poses a great opportunity for further
development of the city set within a strong local innovation ecosystem. Energy efficiency
efforts, nonetheless, are very dependent on the municipal leaders. The housing in the city
is very old and requires refurbishment. Certain areas of the city are known as ‘sleeping
districts’ in which the buildings date to the Soviet Union times, and these areas are not
serving any function except being housing areas. The city believes that with the help
from SPARCS, the city could be rejuvenated. The key problem for the city is to attract
investment as very often the investors look for cities that are in a slightly better condition. In
addition, 30% of the building residents are older people who cannot co-finance the energy
refurbishment of the building which causes the work to halt. The city is also dependent on
importing natural gas from other European countries which often does not have a direct
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line of supply, therefore increasing the price for the municipalities. This is also one of the
reasons that there is minimum expenditure on energy efficiency.

Analysing the five cities in various steps revealed interesting similarities, despite
each city being located in a different geographical location and having different starting
points for energy transition. Figure 2 illustrates the top 11 identified knowledge gaps that
were mentioned the most and selected by at least three cities based on the knowledge gap
survey. A complete list of 64 knowledge gaps is provided in Appendix A. This helped
with planning further project activities such as webinars and training sessions to support
the five cities in the best way possible, as elaborated upon in the next section. In addition,
during the city forum, the five cities described what they would like to learn from the other
four cities, and this included electric vehicles and charging behaviour, digital platforms
and data management.
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Table 6 displays the challenges that the five cities are currently resolving to ease the
implementation of PEDs. The existing challenges were highlighted during the city vision
workshops, the city forum and were also raised during the interviews. To allow for a better
understanding, the categories for challenges were selected based on studies conducted
by [8,17,20].

An additional result of the city vision workshop was to highlight the key strategy
areas in each of the five cities (Table 7). By identifying areas of focus, the cities were
able to direct their project effort more strongly and at the same time bring together the
various departments within the city to discuss common goals and avoid working in silos.
In addition, the identification of local challenges also enabled better identification of key
strategy areas. Each city chose the key strategy areas depending on their local context;
however, it can be said that each of the strategy areas are also relevant for the other four
cities as the goal for climate neutrality and to meet PED requirements is the same for all
cities. All city activities, whether they result in an immediate or long-term result, lead to
some learning and experiences. Table 8 shows each city’s learnings from PEDs and the
added value of PEDs.

3.6. Limitations of the Research

The implementation of PEDs is a long process within a city. The authors recognize that
a full picture of each city’s progress and work completed in every aspect would provide a
better understanding; however, this is beyond the scope of the paper. The authors aimed to
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provide a simplified picture of the current status quo and also highlight how each city is
currently moving forward with PEDs. With regard to replication, the five cities are currently
going through intensive project development which aims to support them in scoping up
to two projects. For this purpose, the cities and partners are in the process of creating
extensive implementation plans, discussing with stakeholders, and securing investments.
Further papers will follow to explain the implementation process in more detail and the
selected solutions for replication.

Table 6. Existing PED challenges in Maia, Reykjavik (REK), Kladno (KLD), Kifissia (KFS) and Lviv.

Categories Local Challenges in the Five Cities Maia REK KLD KFS Lviv

Governance

Understanding the PED definition and concept x x x x x

Legislation, regulations and bureaucracy x x x x

Political priorities x x x

Lack of leadership in energy sector x

Weak cooperation between municipality and private
service providers x x

Lack of communication and capacity and high
individualism x

Technology

Understanding of technologies (PV, BIPV) and technical
implementation x

EV charging stations x

Data availability and use x

Energy infrastructure to maintain load from e-charging x

Energy calculations on housing x

Replicating solutions in a given timeframe x

Lack of trust in new “innovative” solutions x

Low awareness about current technologies for energy
modernization and RES potential x

Availability of areas for RES installations x

Lack of access to the best technology x

Lack of qualified personnel x x

Continuous source of energy supply x x

Financial and
economic

High energy prices x x

Business as usual attitude x

High dependency on private energy companies x

Uncertainty: COVID, war, economic crisis x

Limited financial resources in municipal budget x x x x

Social and
cultural

Stakeholder engagement (who to involve and how) x x

Citizen engagement and commitment x

Environmental

Behaviour of citizens (non-energy efficient lifestyle) x

Heavy use of private cars x x x

Heat island effect, flooding, air quality x

Water and waste management x x
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Table 7. Key strategy areas identified through the City Vision 2050.

Maia Reykjavik Kladno Kifissia Lviv

Spatial Development x x x x

Mobility x x x x x

Efficient buildings and materials x x x

Green energy x x x x

Digital networks and eServices x x x

Citizen Education
and Participation x x x

Circular Economy
(waste management etc.) x x x x

Nature-based solutions x x

Table 8. Learnings and added value from PEDs.

Maia REK KLD KFS Lviv

Learnings from PED
development

Scaling up of solutions
Understanding the
concept of PEDs
Realization that the city
needs more technical
knowledge
Better know-how about
the city situation

PEDs encouraged new
efforts, such as taking
the life cycle approach
into use in the
construction sector.
Inspired and motivated
the city to fill in the gaps

Understanding the
concept of PEDs
Technical
understanding was
missing
Concerned about how
to raise interest in
energy efficiency
High energy prices
support PED
development

Bureaucracy is an
underlying issue—this
leads to extraordinary
delays and consumes
much of the city’s time
resources.
Citizen and stakeholder
engagement could also
be done more
vigorously as citizens
seem eager to
participate in activities

Understanding the
concept of PEDs
Which technologies to
implement? Resolving
issues through
interactions with the
two Lighthouse Cities
and other four cities.

Value that PEDs
brought

City vision helped
realize the challenge in
translating the
knowledge into the
city’s own reality
PEDs initiated deeper
discussions
Better relationship with
stakeholders

PED has led the city to
think about other
sectors that should be
developed in parallel.
Renewed interest when
the stakeholders find
out that SPARCS is a
large European project
with several partners.
For example, the city
recently attracted 400
applicants for further
research into use of
electric vehicles and
load control.

PED attracted a lot of
positive attention.
Realizing that PED
discussions are not only
meant for energy
balance, but they are
connected to people,
economy, urbanism, etc.
Allows to attract more
stakeholders

The project helped the
city create a roadmap
for itself.
Project webinars and
workshops also
continuously support
the journey and help
develop a system
approach.
The city also shares the
gathered knowledge
within the city
departments for more
awareness.
The city was able to
identify key strategy
areas to work upon
with the help with city
vision workshop
Establishing the city’s
first public PV system

The city gained new
knowledge about
existing solutions and
how they can be
implemented, for
example, how should
e-mobility be improved
through scooters and
e-bikes.
Became familiar with
how to integrate energy,
mobility and engage
stakeholders.
The city is looking into
procurement of e-bikes.
By being part of the
PED project, the city of
Lviv believes it could be
a leader in energy
efficiency in the country.
Identifying key strategy
areas to work on helped
understand how the
different sectors can be
combined.

4. Discussion

As many of the PED projects across Europe and beyond are still in the implementation
or planning phase, there is no comprehensive set of reference points and knowledge set,
as highlighted by several previous studies [14,17,20]. Evidence also shows that PEDs
demand a deep understanding of the cities’ local conditions, policies, priorities, strategies,
resources and solutions [38]. It has to be recognized that each city is different [14,39]
and has varying internal situations in terms of governance, stakeholder relationships
and institutional support mechanisms [4]. This paper focused on the five cities of Maia,
Reykjavik, Kladno, Kifissia and Lviv and their journey of energy transition as they try
to replicate and implement PED solutions. The paper highlighted how each city began
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energy transition, the associated challenges that the cities face, learning acquired during
the progress and what has been the value of PEDs so far for each city.

By engaging the cities in surveys and internal discussions, it became clear what the
current knowledge gaps were, the current attitudes for energy transition and the overall
situation in the city. The knowledge gap survey revealed 63 areas that the cities needed help
with regarding PEDs. In addition, the top 11 knowledge gap areas that at least three cities
selected include: (1) green buildings, (2) business models, (3) microgrids, (4) smart mobility,
(5) open data management, (6) legal and institutional framework, (7) energy efficiency
awareness/usage reduction, (8) building refurbishment, (9) renewable electricity and heat,
(10) eGovernance and (11) land use planning.

It is beyond the scope of any city to resolve local challenges. Nonetheless, as claimed
by several authors in previous studies [17,20,22–24], the main challenges in the city revolve
around governance, technology, funding and community/stakeholders interest. These
were evident in the analysis for Maia, Reykjavik, Kladno, Kifissia and Lviv (Table 6). A clear
understanding of PED is an ongoing challenge for all cities. In addition, difficulties caused
due to legislation and bureaucracy are inherent in most of the cities. Lack of qualified
personnel and adequate technical expertise were also cited by the cities. Educating the
community and maintaining and aligning stakeholder interest in energy efficiency is also a
concern. Additional challenges included unclear national energy policies, different starting
points of each city, diverse technology maturity of the territory, difference in timing of local
city agenda and SPARCS timeline, and lack of political support.

The City Vision 2050 was the first step in triggering wider and deeper urban transfor-
mation efforts. Although it will be continuously updated by the cities in the years to come,
it will act as a point of reference for the cities. City vision brought awareness of the city
as a whole, and this will not only support current decision making, but it is expected that
the impact will go far beyond the project to influence future decisions, strategic options
and investments. Furthermore, city vision has a direct influence on project development in
Fellow Cities that aims to replicate chosen solutions in the next two years. With the help of
the City Vision 2050 workshop, the cities were able to identify key strategy areas that they
could improve and work upon in the coming years (Table 7). All five cities chose mobility as
a key area. Green energy was also selected by all cities, excluding Reykjavik as it is already
a leader in renewable energy. Spatial development, digital services, citizen education and
circular economy also received considerable focus. However, energy efficient buildings
were highlighted as a key area by only three cities.

The five cities have been supported from the start and will continue to receive support
to help them as much as possible in their PED replication efforts. The following explains
how the five cities have been supported to improve knowledge and expertise.

Packaged Solutions: To support the five cities in gaining technical knowledge, a set of
information packages based on cases from the two Lighthouse Cities was formulated. There
were 10 packaged solutions that included topics such as smart microgrid, virtual power
plant, smart home systems and electric bus systems to help to serve as a building block in
cities. Each city can utilize and adapt the packages depending on the local circumstances
and need. In addition, each packaged solution was organized in a structure format such
as benefits, functions, relevant business models and financing options and technological
options. The solutions have been made available online through the BABLE platform to
also have information available beyond the lifetime of the project.

Webinars and workshops: Based on the knowledge gap survey, a series of webinars
and workshops were organized for the five cities in collaboration with the Lighthouse
Cities. The goal was to enrich understanding as much as possible for the five cities. In
total there were seven webinars and seven workshops that were organized. The webinar
topics included governance models, citizen participation and introduction to some of the
packaged solutions. The workshop topics included green building and retrofitting, mobility
and e-charging and urban data.
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Professional Training: The project also organized a six-month professional training
for the five cities where each city nominated up to four people to receive the training.
The training was to create and promote certified European smart city managers with a
focus on urban energy. The courses comprised distance learning modules and aimed to go
beyond the insights and expertise gained within SPARCS while also including best-practice
knowledge in the field of smart city developments.

The cities have a long way to go before the goal to become climate-neutral is achieved.
During further discussions, the cities also highlighted what they learned from their expe-
rience so far and how beneficial the PED related work has been to them so far. The cities
claimed that translating knowledge to reality is much more difficult than expected. As part
of developing PEDs, the cities also became aware that they need more technical knowledge,
have to involve citizens more vigorously and must continuously collaborate with other
cities across Europe to enrich their knowledge further and have opportunities to develop
and implement PED solutions.

With regard to benefits of PEDs, it made the cities realize that all public sectors have
to be connected and must develop in parallel, as seen in the case of Reykjavik where the
energy sector developed massively over the last years, but the transport and housing
sector have not advanced at the same pace. In addition, the cities claimed that City Vision
2050 will boost the existing city agendas and that the workshop brought together many
departments which will help in working together in the future. Moreover, in some cities,
for example in Kladno and Lviv, the stakeholders have shown a renewed interest in PEDs
as compared to the lack of support at the start of the project work.

When the cities were asked what they would do differently if they had another chance,
most of the cities claimed that they wished they had started the energy efficiency efforts
earlier, such as having fewer private cars. Other changes could include reorganizing the
energy sector, having more incentives, more funding opportunities, running all sectors
in parallel and eliminating all administrative and bureaucratic issues. Nevertheless, as
a result of the project activities and initiation efforts of the city, the city of Kifissia is also
installing its first public PV systems on two school terraces and wishes to include it as part
of an energy community. Moreover, the city of Lviv will be looking into procuring e-bikes
and improving the existing transport to help avoid the use of private cars, while the city of
Maia is closely working with the local energy company for the first time.

While it is beyond the scope of a city to completely eliminate obstacles, it may be
possible for a city to be prepared well in advance. As recommendations to new cities
that plan to embark on a PED transition journey, Table 9 illustrates the checkpoints that
a new city should refer to, based on the experiences of Maia, Reykjavik, Kladno, Kifissia
and Lviv. The recommendations are given in an order starting from acquiring thorough
knowledge about the city’s circumstances, expertise and regulations and walking through
other essential items such as exploring all funding options, being aware of available human
resources, collaborating with political leaders from the start, and being in continuous
communication with other European cities.
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Table 9. Checkpoints for PED development based on the experiences of five Fellow Cities.

Checkpoints for Initiating PED Development in a City

1 Knowledge about the concept, best technologies, city context, regulatory concerns and baseline assessment

2 Prepare a clear strategy with goals. Define legal, financial frameworks and other required documents

3 Avoid large-scale projects in the beginning, start from small pilots that could give you quick wins and motivate

4 Establish a local task force and governance model

5 Establish local agreements with relevant stakeholders to assure data interoperability

6 Define the business models and explore all funding options

7 Analyse the current situation in your city

8 Analyse potential locations accurately to implement PED solutions

9 Ensure good project management from the start

10 Identify all possible challenges and needs

11 Have the support of the administration to ensure project ownership and awareness of project purpose

12 Do resource assessment (finance, employees, funds etc.)

13 Ensure close collaboration between city + technical partners of your city

14 Create collaborative ecosystem (colleagues, other departments, other city stakeholders, other partners incl. distributors).
Invite business partners, developers, investors, banks from the beginning. Engage the politicians and counsellor.

15 Provide an open data for planning and implementing solutions

16 Set up a data software solution and collect data regular or as much as possible

17 Get information from other projects for examples

18 Demonstrate advantages of new solutions

19 Be flexible as local city situations may change abruptly

20 Collaborate with NGOs and SMEs to reach citizens and better know the needs of citizens

21 Communicate with other cities

5. Conclusions

Despite the ongoing and long-lasting challenges, the five Fellow Cities agreed that
being involved in a Horizon 2020 project provided awareness and momentum to the public
and official body. In this sense, all cities have reported the added value of bringing a wider
range of stakeholders on-board and starting a conversation on the importance of the energy
transition in their cities as a result of the project.

It is well acknowledged that managing all the aspects of a smart city often lies beyond
the capabilities of the city authorities. Furthermore, experiences and previous lessons
are often not disseminated to the larger audience to improve learning and knowledge [4].
Accordingly, new and innovative forms of governance are needed in which various stake-
holders, including citizens, could participate and influence the planning and decision-
making process, development of initiatives and collaboratively address problems and set
future priorities [20]. Successful replication demands appropriate strategies, procurement
of technical solutions, integration of all city sectors, new business models and collaboration
with the private sector and citizens [8].

This paper was a starting point to disseminate learnings and experiences during the
PED replication in the five Fellow Cities of Maia, Reykjavik, Kladno, Kifissia and Lviv. The
authors hope that this paper could provide a first overview to a new city embarking on the
PED journey. Future research will analyse the project development in each city to replicate
specific PED solutions and to support the cities’ efforts to become Lighthouse Cities in the
coming years.
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Appendix A

Table A1. Complete list of knowledge gaps identified by the five cities related to PEDs.

Category Knowledge Area Number of Cities Lacking
Knowledge

Building/infrastructure

Green buildings 4

Building refurbishment 3

Efficiency upgrades in historic districts/general retrofitting 2

Life cycle consideration of construction waste 1

Energy performance certification (implementation) 1

Thermal insulation and passive energy efficiency improvement 1

Finance

Business models (smart energy solutions) 4

Public–private partnerships, investment, cooperation 2

Economic modeling of PED/smart cities 1

Proving financial viability 1

Demand and distribution

Smart metering 2

EV integration (data-driven)/bidirectional charging/V2G 2

Load management/electricity distribution 1

Demand-side management 1

Flexible hydrogen production . . . 1

Predicting demand/load patterns 1

Energy independence versus distribution system investment 1

https://tenk.fi/en/ethical-review/ethical-review-human-sciences
https://tenk.fi/en/ethical-review/ethical-review-human-sciences
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Table A1. Cont.

Category Knowledge Area Number of Cities Lacking
Knowledge

Energy production

DG-prosumership, microgrids 4

100% renewable electricity and heat 3

Photovoltaics (PV) 2

District heating 1

PED planning and function overview 2

Wind 1

Energy storage systems 1

Exploring RES potential 1

Waste CHP (specifically carbon-neutral) 1

Mobility

Smart mobility 4

Multimodal/active transit 2

EV uptake strategies 2

Public EV charging 2

Public transit investment 2

Bike infrastructure 1

Shared mobility 1

Changing charging behaviour 1

Increasing share of foot/bike/public transit trips 1

Data

Open data management 4

Modeling tools for planning 1

Kera 5G/city and regional 5G legal implications 1

Data integration 1

Calculating energy balance of PED 1

Artificial Intelligence/IoT 1

Smart monitoring system 1

Energy burden modeling of buildings/city level 1

Efficiency increases in public transit 1

Interoperable and integrated data platform 1

PED impact assessment 1
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Table A1. Cont.

Category Knowledge Area Number of Cities Lacking
Knowledge

Governance

Legal and institutional framework 4

eGovernance 3

Land use planning 3

Smart city policies 2

Coordinating with regional/national reform/regulation 2

Knowledge of national policy in energy, renewables, and
building efficiency 1

Project management unit for energy and sustainability 1

General public sector (utilities, etc.) development 1

Post-communist innovation process 1

Circular economy policies 1

Stakeholder management 1

Increasing R&D capacity, innovation potential 1

Smart city management structure 1

Public engagement

Energy efficiency awareness/usage reduction 4

Industry efficiency/engagement 2

Workshops and online surveys 1

Focus groups 1

Water consumption and rainwater collection 1
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