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About SPARCS

Sustainable energy Positive & zero cARbon CommunitieS demonstrates and validates technically
and socioeconomically viable and replicable, innovative solutions for rolling out smart, integrated
positive energy systems for the transition to a citizen centred zero carbon & resource efficient
economy. SPARCS facilitates the participation of buildings to the energy market enabling new
services and a virtual power plant concept, creating VirtualPositiveEnergy communities as energy
democratic playground (positive energy districts can exchange energy with energy entities located
outside the district). Seven cities will demonstrate 100+ actions turning buildings, blocks, and
districts into energy prosumers. Impacts span economic growth, improved quality of life, and
environmental benefits towards the EC policy framework for climate and energy, the SET plan and
UN Sustainable Development goals. SPARCS co-creation brings together citizens, companies,
research organizations, city planning and decision making entities, transforming cities to carbon-
free inclusive communities. Lighthouse cities Espoo (FI) and Leipzig (DE) implement large
demonstrations. Fellow cities Reykjavik (IS), Maia (PT), Lviv (UA), Kifissia (EL) and Kladno (CZ)
prepare replication with hands-on feasibility studies. SPARCS identifies bankable actions to
accelerate market uptake, pioneers innovative, exploitable governance and business models
boosting the transformation processes, joint procurement procedures and citizen engaging
mechanisms in an overarching city planning instrument toward the bold City Vision 2050. SPARCS
engages 30 partners from 8 EU Member States (FI, DE, PT, CY, EL, BE, CZ, IT) and 2 non-EU
countries (UA, IS), representing key stakeholders within the value chain of urban challenges and
smart, sustainable cities bringing together three distinct but also overlapping knowledge areas: (i)
City Energy Systems, (ii) ICT and Interoperability, (iii) Business Innovation and Market Knowledge.
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1. EXECUTIVE SUMMARY

SPARCS is one of the ongoing H2020 projects focusing on implementing and
replicating Positive Energy Districts (PEDs) across seven European cities (two
Lighthouses: Espoo, Leipzig; Five Fellow Cities: Maia, Reykjavik, Kladno, Kifissia and
Lviv). The seven cities have planned 100+ actions that will turn the buildings, blocks,
and districts into energy prosumers.

This deliverable provides practical recommendations on nine cross-cutting issues.
Cross-cutting issues are priority areas, which were identified and agreed upon by the
SCC1 clusters during 2018 when new PED projects were to be financed (the clusters
have now merged with the Smart city Marketplace). The document was updated in
2024, and in that context two of the earlier ten issues were combined: citizen
engagement and gender and socioeconomics.

The document targets several actors in order to support them in their PED
implementation and replication journey: Enablers, Decision makers, Implementers and
Multipliers.

Figure 1 illustrates the remaining 9 cross-cutting issues, each having challenges
relevant to the SPARCS cities. The recommendations are based on the SPARCS
partners’ experiences during the project implementation, which has included a variety
of PED demonstration actions such as installation of renewables, smart mobility
services and joint procurement.

The recommendations and the relevant actors for those are listed in the summary
chapter. Some recommendations appear relevant for many of the cross-cutting issues:

¢ Introduce and align the regulations at least nationally, and preferably also at
EU-level, learning from those countries where they are already applied.
(Enablers)

e Lobby for the regulations that are needed for the efficient implementation and
operation of PEDs, giving the regulators professional insights on what is
needed. (Decision makers, Implementers and Multipliers)

e Engage/ communicate with the stakeholders early on in the project, especially
the final users of the buildings and equipment. Provide information in a format
suitable for the target group. Continue the communication and education of the
users and stakeholders during the operational phase. (Decision makers,
Implementers)

e Pilot and test the solutions in smaller scale. Share the learnings with other
similar actors. (Implementers, Multipliers)
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Figure 1: The 9 cross-cutting issues for SPARCS
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2. INTRODUCTION

This deliverable addresses the task T6.2 Building recommendations on cross-cutting
issues to describe the ongoing work and fill in the existing knowledge gaps.

Positive Energy District (PED) is a specific type of project that very well represents the
complexity of smart city implementation. The growing body of evidence on PED
implementation in SPARCS cities and beyond is therefore helpful to frame and map
the cross-cutting issues that cities are facing in complex smart city projects focusing
on energy, mobility and data.

The PED-EU-NET database (n.d.) is a growing repository where around 20 European
cities aggregated their experiences into one location. The database identified a
plethora of common barriers across several cities such as lack of internal capacities to
support energy transition, lacking or fragmented local political commitment and support
in the long term, building code and land-use planning hindering innovative technologies
amongst many others. This shows that in many cases, non-energy issues are more
important and require attention. Barriers related to social aspects, ICT, finance and
market situations have also been provided within the database.

A study by Zhang et al. (2021) analyses 60 PED projects in Europe collecting a larger
set of data from cities such as geographical information, energy concepts, building
archetypes and finance models to construct an even more comprehensive database.
The most common renewable energy systems include solar energy, district
heating/cooling, wind and geothermal energy.

The EXCESS project (n.d.) examined development of Positive Energy Buildings
(PEBSs) in European cities by interviewing several actors (Hukkalainen et al. 2020). The
conclusion was that all levels of governance have an important role to play in the roll-
out of PEBs and the coordination between the different levels of administration is
crucial for success. Stakeholder engagement is also one key element. Other
influencing factors for planning of NZEB (net-zero-energy building) and PEBs were
found to be the cost, communication with investors about the importance of
NZEB/PEB, feasible financial models, open discussion and tackling legal barriers.

1.1 Purpose and target group

This report provides a thorough overview of the knowledge gained in the SPARCS
Lighthouse cities (LHCs) and Fellow cities (FCs) regarding the ten cross-cutting issues.
This report produces recommendations that may be pursued further by not only cities
and policy makers but also researchers working in similar projects, decision makers
across governmental levels, and experts on the EU level amongst several others. The
purpose of this collection of recommendations is to highlight and bring closer to the
target groups selected learnings that can help with the implementation of ongoing and
future PED and smart city projects.

The cumulated experience of SPARCS that is implementing PED and smart city
interventions allows process learning across the whole value chain of practitioners,
starting with Enablers (regulatory and policy making authorities, typically on national
or EU level), Decision makers (both city leaders and strategic planners as well as
private investors such as real estate developers), Implementers (operative teams that
ensure project design, management and implementation activities) and last, but not
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least, Multipliers (in this case researchers who analyse and support the
implementation processes according to scientific standards). Figure 2 summarises
main target audience categories of the SPARCS recommendations. Overall, the report
provides useful recommendations mainly for Decision makers and Implemeners, but
some chapters include relevant information for Enablers (ch2.2, ch3 and ch4.3) and
Multipliers (ch2.2, ch3.4, ch4.3, ch5, ch8 and ch9). The policy recommendations
stemming from this work, and the work from T1.2 (presented in Deliverable 1.5 of
SPARCS project) are collected to one document, which is presented in the Appendix.

Target audience categories T;;. SPARCS
"
y N 3 =) @ ”/I
5= /_.ﬂ\[l
=] {81(81 I E {Jl SEO N | :’@r& -
A &
Enablers Decision makers Implementers Multipliers

Project design,
City leaders and management, and
strategic planners implementation
teams

Regulatory and
policy making
authorities

Researchers

Private investors
(e.g. real estate
developers)

Figure 2: Target audience categories of SPARCS recommendations

The term process learning describes the kind of learning that takes place in
demonstration projects and urban innovation initiatives, and represents a combination
of social and organisational knowledge generated by the interaction of local actors with
innovative solutions which results in an increased capacity of individuals, organisations
and complex stakeholder ecosystems to transform and utilise innovative approaches.
Process learning results in better understanding of how to design and implement urban
innovation and urban transformation projects. It is learning that relates to and
strengthens the processes that enable innovation. Process learning results in changes
at individual level as well as in structural changes. (Vacha et al., p. 16)
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1.2 Contribution of partners

Table 1 depicts the main contributions from partners in this deliverable.

Table 1: Contributions of partners

Partner Contributions

VTT Editor of the deliverable. Content planning, allocation of writing responsibilities.
Chapters 1-5 and 11

CVvUT Co-editor of the deliverable

MOH Chapter 8

FHG Chapter 6

BABLE Chapter 6

SUITES Chapters 9 & 10

SPI Chapter 7

1.3 Relation to other activities

Table 2 depicts the main relationship of this deliverable to other activities or
deliverables within the SPARCS project.

Table 2: Relation to other activities in the project

Deliverable Contributions
Milestone

D3.3 Implemented demonstrations of solutions for energy positive blocks in Espoo
D3.6 People flow and user experience

D4.3 Leipzig mid term review update

D4.4 Interoperability of holistic energy systems in Leipzig

D4.5 E-mobility integration and its impacts in Leipzig

D4.6 Citizens and stakeholders in Leipzig's energy transition

D6.3 The relevance of challenges was cross-checked again with PED-EU-NET database
D7.3 Solutions descriptions feed into the Massive Open Online Course (MOOC)

1.4 Methodology

The recommendations on the nine cross-cutting issues (or topics) are based on the
partners’ experiences within the seven SPARCS cities during the implementation or
the project. They were selected for their relevance across different disciplines and
interconnectedness with each other (hence the cross-cutting nature) as well as for their
importance for the success of complex PED and smart city projects. Considering this
fact, there is no single method that can be applied to explore each cross-cutting issue.
Each city has had a unique experience during the project with regard to each cross-
cutting issue, which also means that there are varying scales of learnings and
recommendations from different partners.
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VTT coordinated regular group meetings with the 10 topic leaders since October 2022
onwards to understand the cross-cutting issues at hand and identify relevant
challenges for each cross-cutting issue (Figure 3). The topic leaders were requested
to describe their method of data collection during the meetings and contact relevant
individuals for further information as needed (Table 3). During the physical Extended
Executive Board meeting in March 2023 held in Kladno, the topic leaders had the
opportunity to present the first set of challenges to the partners, get feedback and
identify any missing challenges. This list was further analysed during the following
months where topic leaders selected high priority challenges. The final draft and list of
recommendations was reviewed by the City Coordinators before publication as they
are one of the main users of the final recommendations. “Capturing the insights of this
group is significant to understand how urban experimentation links to transformation,
as they play a key role in testing and scaling up innovations across the energy, ICT,
transport, and green infrastructure sectors” (Evans et al. 2021, p. 172).

The update of the report in 2024 consisted of a workshop in connection with General
meeting in Leipzig in December 2023, where the partners had the opportunity to
comment the recommendations and suggest additional views related to them. The
comments and additions were handled by the topic leaders and commented by the
City Coordinators before the publication of the updated version.
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Table 3: Data collection for each cross-cutting issue

Cross-cutting issue

Positive blocks

Approach

Interviews with City of Espoo, Cenero, University of Leipzig, LSW,
City of Maia, EDP, City of Lviv, City of Kladno, CVUT, Municipality
of Kifissia

Regulatory and legal
aspects

Interviews with City of Espoo, Cenero, University of Leipzig, LSW,
City of Maia, EDP, City of Lviv, City of Kladno, CVUT, Municipality
of Kifissia

Storage solutions

Interviews with Citycon, CENERO, Siemens, Adven

Electro-mobility

Interviews with City of Reykjavik, OR

Effective business models

SPARCS deliverables D7.4, D5.16, SPARCS grant agreement,
information from LPZ and KONE, desktop review.

Citizen engagement

Data collected from deliverables, QAT forms, SPARCS newsletters
and information published in German by FHG IMW (direct link to
German article by Koutalidis and Pollmer (2021))

Gender and socio-
economics

Data collected from deliverables and QAT forms, discussions with
Seecon and Leipzig

Impact monitoring

Recurrent telcos, workshops and meetings with Lighthouse cities’
consortia and technical experts

Big Data and management

Input collected during the implementation and the operation
phase from technical partners and cities’ consortia

Data security/protection

Input collected during the implementation and the operation
phase from technical partners and cities’ consortia
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3. POSITIVE BLOCKS

Positive Blocks are key development areas when discussing the present and future
sustainability of cities (JPI Urban Europe, 2020). The term ‘Positive Blocks’ is one of
the latest steps in the series of development from Passive Houses through different
zero energy (or emission) concepts towards positive energy concepts, varying from
building to district level. Brozovsky et al. (2021) include the concept as one of the
Climate Friendly Neighbourhoods, highlighting more than 35 different terms used to
describe such solutions for example, ‘zero emission neighbourhood’, ‘zero energy
community’, ‘energy positive neighbourhood’ or ‘plus energy district’.

No commonly agreed definition of the concept exists, but in SPARCS, Positive Blocks
refer mainly to the concept used by European Commission in their definition for the
Horizon 2020 Work Programme 2018-2020 (European Commission, 2020). There, the
concepts PEB (Positive Energy Block) and PED (Positive Energy District) are used
interchangeably (European Commission, 2020). Similar to the SET Plan Action 3.2
definition of a PED (JPI Urban Europe, 2020), local renewable energy production and
storage, as well as advanced materials, smart energy grids, demand-response, energy
management and user interaction/involvement are the basis for PEB/PED (European
Commission, 2020). The SET Plan Action 3.2, JPI Urban Europe and the EERA Joint
Program on Smart Cities describes Positive Energy Districts (PEDs) as follows:

“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” (JPI,
2020).

Furthermore, in that context, PEDs are classified into three categories (Wyckmans et
al. 2019), which are also used in SPARCS to categorise the different demo areas:

e 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 internally. 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.

e PED dynamic: a district having clear geographical boundaries with annual
onsite 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.

e 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
onsite renewable energy systems must, however, be greater than the annual
energy demand of the district.

Regarding replication, 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 (Ferrer et al. 2017).
This suggests that 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) but taking
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into account 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.

SPARCS agreement describes the Positive Blocks as follows: "In the call, Positive
Energy Blocks/Districts (...) have an annual positive energy balance, are designed to
be integral part of the district/city energy system, and they are well embedded in the
spatial, economic, technical, environmental and social context of the project site.” In
the project, the seven cities of Espoo, Leipzig, Maia, Reykjavik, Kladno, Kifissia and
Lviv have planned 100+ actions that will turn the buildings, blocks, and districts into
energy prosumers. SPARCS work packages aim at urban transformation through City
Vision 2050 and social empowerment (WP1), joint procurement, feasibility studies and
bankable solutions in Fellow Cities (WP5) and establishing new business models
(WP7). Co-creation is also a critical element in the project and has been implemented
through several actions in the Lighthouse cities (WP3 & WP4).

It has to be noted, however, that there is no strict definition of the PED concept in
SPARCS, but it is rather the aim to study how far towards the concept it is possible to
arrive with the solutions developed and demonstrated in the project.

2.1 Challenge of Significance for SPARCS cities: Detailed interpretation of the
PED concept in SPARCS cities

Although many European cities are leading transitions to low-carbon energy, there is
no common definition, roadmap and guideline to ensure the actual feasibility of PED
designs (Bossi et al. 2020). A precise concept of PED does not exist in literature either
(Brozovsky et al. 2021) nor has it been described in the revised European Building
Directive (EPBD, 2023) mainly because cities are in the planning or early
implementation stages with PEDs. As a consequence, the PED has not been included
in the national legislations. It is difficult to define what Positive Blocks consist of: e.g.
do they only include buildings or do they also include electric mobility? The municipality
and city require a clear understanding of Positive Block to convince citizens and
stakeholders of its relevance. Moreover, when discussing districts and blocks, the
boundary issues are inevitable. This raises the question: how can PED boundaries be
accurately marked as this also means defining the road boundaries? In general,
defining boundaries on a city level has proven to be a tedious task and inclusion of
transportation boundaries could make it more difficult for the municipalities.

Now, in the JPI booklet (Gollner et al. 2020) and the PED-EU-NET database co-
developed by SPARCS there are more than 60 project entries altogether. Out of these,
around 50% are at least in the implementation phase. The mapped case studies
include also those that are not fully PEDs but have interesting features for moving
‘Towards PEDs’ (also marked as ‘PED-relevant’ in the database). The number of PED
and PED-relevant projects is increasing the chance of reaching the goal of 100 PEDs
by 2025.

2.1.1Solutions developed in SPARCS

SPARCS Lighthouse Cities applied the definition that is aligned with ‘PED virtual’
concept while the Fellow Cities had more flexibility and focused on other types
of PEDs.


https://pedeu.net/map/
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In SPARCS, the City of Espoo has examined the urban planning requirements, current
state, and drivers and barriers related to PED development. Taking Kera area as a
concrete, geographically defined development area, the possibilities of incorporating
PED solutions to the new, upcoming city district have been examined and studied. The
concept of the PED here leans mostly to ‘virtual’ and ‘dynamic’ PEDs, where the
positive energy district, or the related individual solutions, interact with the system as
a whole. The key learnings of Espoo in PED development are related to the
acknowledged requirement of co-creation and collaboration on the topic with diverse
local stakeholders, including landowners, companies, utilities and citizens. The key
learnings of the PED development from a city’s urban planning perspective have been
collected into a Co-creation model for sustainable and smart urban areas — toolkit (see
Section 2.2 for more detalils).

In the City of Leipzig, the PED approach was tested in existing neighbourhoods where
Leipzig pursued a virtual and dynamic approach. This approach was implemented in
two demo districts, where various monitoring, energy and load management systems
were tested. The primary objective was to enhance energy efficiency and increase the
proportion of renewable energy by effectively controlling energy demand and
consumption based on specific requirements. The two demo districts are typical of
Leipzig's urban structure: the monument protected Baumwollspinnerei, a former cotton
mill built at the end of the 19th century, and the Dunckerviertel (part of Leipzig-West
demo district), a residential neighbourhood representing a typical German Democratic
State (GDR) dwelling type WBS70 — an architecture type from the GDR period when
all wall, roof, and floor elements were industrially prefabricated. Additionally, a virtual
energy district was established, where a virtual power plant was developed and
implemented to efficiently manage renewable energy sources.

Leipzig also believes it is of paramount importance to provide tenants with the
necessary tools to actively participate in the energy transition. A significant outcome of
this project is the realization that from a technical perspective almost anything is
achievable; however, numerous regulatory barriers exist in Germany. As part of the
SPARCS initiative, the city of Leipzig explored new processes within the city
administration to expedite the further roll-out of PEDs (in Germany often declared as
“climate-neutral districts”) and to visually represent the expansion of renewable energy
through the Energy Atlas, representing energy and climate data as a prerequisite to
the development of a digital twin, thus making the energy transition more visible.

Maia municipality’s approach is closely aligned with the concept of the 'PED virtual’.
One key aspect is the absence of a clear geographical boundary, as the project
considers multiple municipal buildings spread throughout the city. The main typologies
addressed were residential (Sobreiro Social Housing Neighborhood), industrial
(Tecmaia), and multiple service buildings, highlighting that mobility was not considered
in the analysis. The project involves the creation of a renewable energy community
and onsite production of renewable energy, both electric (through distributed solar
photovoltaic systems) and thermal (via small-scale solar thermal systems). However,
the local PED still relies on the national electric and gas grids as the main contributors
for the energy supply. Therefore, the road to positivity implies the decarbonization of
the 'virtual renewable energy systems’, that was not achieved during the timeline of the
project. Nonetheless, there are several positive aspects to consider, since these
projects have provided an opportunity to showcase the complete process, starting from
the baseline and illustrating the path that needs to be taken to achieve energy positivity
and the carbon neutrality goals of Maia for 2050. This also highlights the importance




SPARCS e D6.7 Recommendations on cross-cutting issues - updated version %SPARCS

of adopting this approach as the way forward in designing new urban areas,
infrastructures, buildings, or their rehabilitation.

The city of Kladno adopted a design that is more aligned with ‘PED dynamic’ with
emphasis on the onsite renewable energy production. That decision proved to be very
limiting in terms of scope as the high energy consuming buildings within the locality
had to be left out from the balance to reach the annual positive balance. The main heat
source was the excess heat from the Winter Stadium combined with photovoltaics. In
the end, the city decided to further pursue ‘Towards PED’/'PED relevant’ alternative
with a more favourable annual mismatch ratio (higher self-consumption), but without
achieving the annual positive balance calculated with the onsite energy ratio (OER)
indicator.

Due to the existing challenges of the built environment, lack of available space,
technical and regulatory difficulties for installing Renewable Energy Sources (RES),
Municipality of Kifissia is working on PEDs via the formation of a pilot energy
community. The solution includes the installation of a PV park on the terrace of a
municipal building. In this way, citizens of Kifissia and members of the community will
benefit from the energy produced via virtual net metering without the need of clear
boundaries or proximity to the installation. The initial (and pilot) phase will not cover all
energy needs of the buildings connected but instead it will be the beginning towards a
PED through a collective action that could expand in the future, adding more
renewables and achieving net zero greenhouse gas emissions.

The City of Lviv has planned to integrate solutions developed within the SPARCS
project and implement them through municipal programs and large investment projects
funded by European financial institutions (EBRD, EIB). However, due to the current
circumstances in Ukraine, a full-scale war with Russia, the use of public costs and
loans for PED, development is not possible. Thus, Lviv is developing instruments that
will enable better justification of a PED, in particular by engaging businesses and
attracting private funds for development.

The City of Reykjavik has an abundance of renewables, particularly hydropower and
geothermal energy and so the heating and power system rely more on R&D than
developing efficient networks. Nonetheless, Reykjavik still considers the energy
system as ‘virtual PEDs’, where the district itself is energy positive. This added
advantage allow them to tackle the climate mitigation agenda through other innovative
measures.

SPARCS researchers have contributed to various efforts to define PEDs in Europe,
including taking part in the mapping and publicizing the different aspects and
implications of the varying PED definitions. In this manner, together with peer projects
such as MakingCity, SPARCS contributed to a more structured and differentiated
approach to defining PEDs (Albert-Seifried et al. 2022).

2.1.2Impact of the solution in SPARCS

Introducing the PED concept into city planning proved to be a test for the perception
of the PED concept itself. Much effort was invested into educating the decision makers
in the SPARCS cities about what constitutes the PED and what are the benefits of
creating one. Throughout the process, many individual effects in terms of process
learning were generated. The awareness among the stakeholders was increased
about RES opportunities, self-sufficiency limitations, grid interaction and many other
elements of PEDs. The PED planning process was coupled with the rise of energy
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community concept and both approaches have been intertwined ever since in the
SPARCS cities.

As Espoo began its journey, soon it was realized that bringing stakeholders together
and convincing them to agree on the common needs of the city was of crucial
importance instead of reaching out to various stakeholders individually. This led to the
formation of the Co-creation model that focuses on the themes of energy and mobility,
which account for more than 90% of Espoo’s climate emissions. By promoting the
development and introduction of innovative and sustainable solutions in these themes,
the model supports the City’s objective of being carbon-neutral by 2030 and answers
how new innovative operational and technological solutions can be introduced into the
region. The model provides a toolbox that contains practical methods and descriptions
of processes, operator roles and various steps in general development work (see
Section 2.2).

The implemented solutions in Leipzig led to an increase of renewable energy sources
in the physical demo districts. Due to the data-oriented approaches of the energy and
load management, the amount of consumed energy and heat could be reduced.
Further analysis of energy demand and provision (e.g. PV) will continuously help to
provide the exact amount of needed energy to reduce peak loads. Also, the benefits
of energy storages were explored in both physical demo districts. One of the most
significant findings are the substantial amount of existing regulatory barriers, in addition
to the delays in supply chains and the lack of skilled personal to plan and build e.g. PV
installations. At the federal level, regulatory requirements are restrictive and hinder the
implementation of some approaches developed within the SPARCS project as they do
not yet reflect the changing landscape of technologies, different stakeholders and
cooperation modes in energy transition to its full extent. Furthermore, laws and
regulations are subject to frequent changes, especially after the start of the energy
crisis in 02/2022, making it challenging to implement technical solutions as
adjustments are required regularly to align with these legal changes. The local
consortium is discussing and evaluating the impacts of those challenges especially on
Federal level for the German energy transition which results will then be incorporated
in a policy paper.

Furthermore, within the framework of the SPARCS project, smart solutions (e.g.
applications) for citizens were also developed to enable their active participation in the
energy transition in Leipzig. However, it emerged that these solutions gained only
limited interest. Emphasizing energy savings alone is insufficient to motivate citizens
to participate. Instead, when developing products, attention should be paid to ensuring
that they offer tangible added value. In addition to energy savings, approaches
incorporating gamification elements and reward systems are preferred. This means
that solutions should be designed to not only encourage citizens to save energy but
also provide them with immediate benefits and rewards to enhance their motivation
(see Section 7.3).

From Maia’s context, several infrastructural improvements were foreseen to be
implemented since the beginning of SPARCS project, particularly in the field of energy
efficiency and building retrofitting. For these types of interventions, the Portuguese
public administration is highly dependent on public funding, involving a substantial
portion of non-repayable funds, this being the most conventional financing mechanism.
When public funding for the energy field was scarce, most likely due to the restructuring
of these schemes to more urgent matters, such as the COVID pandemic, various
interventions had to be continuously postponed due to the lack of financial support to
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its implementation. Even when such opportunities were available (e.g. for renewable
energy communities), municipalities seemed to be unprepared. This may be attributed
to the disruptive concept, which diverges from the historical organization of the national
electricity production and distribution system. The Portuguese electrical system was
under a concessionary arrangement for several years, leading municipalities to view
these functions as a third-party responsibility. This new paradigm demands a
revaluation of responsibilities, a transition that does not seem to have been yet fully
embraced by local authorities. Facing these challenges, the involvement of Maia
municipality in SPARCS and other R&D projects created additional pressure on
accelerating these initiatives, meaning that local authorities cannot be dependent on
available public funding, highlighting the need to design new strategies and find new
financing mechanisms.

Kladno leveraged the work on the PED concept to start and strengthen new and
ongoing innovation processes within the municipality. Namely, this includes: 1)
integrated planning of municipal building retrofits, scouting for synergetic energy
solutions for previously energy non-integrated buildings (e.g. winter stadium,
aquapark, other sports facilities, and residential housing), 2) introducing “city as a
prosumer” business model for the RES production, 3) mapping potential for e-charging
infrastructure and many others. The work on PED also initiated a close working group
of several key city companies, university, and private partners, strengthening the local
ecosystem collaboration.

In Lviv, the Spatial Energy Plan will define areas where the PED is most feasible.
Concrete energy efficiency and RES integration measures need to be implemented so
that the city of Lviv can invest its own funds and loans acquired from international
financial organizations. The mobility aspect will be implemented through small-scale
improvements of street infrastructure in the city and a data-driven transport network
development. Furthermore, the justification of large-scale interventions in mobility
development will include the information about reduction of CO2 emissions, that will
improve the project development and cooperation with EBRD and EIB as potential
investors.

In Reykjavik's Green Housing for the Future project, the innovation lies in the
methodology of the whole tendering process, where the City of Reykjavik has launched
a worldwide call for developers and offers more than 40% discount on 5 prime plots.
The developers must be willing to build sustainable housing and be committed to
reducing climate impact throughout the whole building cycle. Reykjavik’'s second
project in SPARCS, the Hlemmur mobility hub project is unique in the way that the site
will be the first mobility hub in Reykjavik and shall serve as a testbed for current and
future innovative solutions, such as new EV charging service and the implementation
of fresh produce pick-up service initiated by a local start-up. It will also connect complex
projects of different scales, timelines and ownerships under the same umbrella. A few
examples include the Re-design City Streets project managed the Environmental and
Planning Division of the City of Reykjavik, new infrastructure and pipework by Veitur
(power and water distribution company owned by Reykjavik Energy) and the new City
Line Borgarlinan which is a joint project by the Icelandic state government,
municipalities in the Capital Region and the Icelandic Road Administration.

2.1.3Recommendations

The unclarity of the PED concept has led to different interpretations in the SPARCS
cities, which also revealed the need to create and implement the definition on National
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or European level, including different levels for PED development. There are some
guidelines available in the literature which will help in designing the PED for local
context. Based on the learnings from SPARCS cities and the literature, the following
recommendations can be given to make the process smoother:

Before the PED definition is clearly standardized it is up to individual project
owners to decide which definition they apply. To avoid comparing apples with
pears, SPARCS recommends to consciously declare the relevant aspects
(especially the system boundary and calculation method) for each PED,
already in the prefeasibility design stage. Clarity of definition is a necessary
starting point for explaining the benefits of PEDs to the main stakeholders.

It will help to have the PED defined on the EU and national level. The
definition should include the overall aim of the PED, the components of the
energy balance (energy demand & supply, inclusion of e-mobility, etc.) and the
physical and operational boundaries (Figure 4). These could include e.g. the
life-cycle phases to be included in the balance and the potential requirement for
flexibility or environmental and economic viability (e.g. embodied emissions). A
useful approach could be to also have basic PED concepts such as Level 1:
Basic PED, Level 2: PED+, Level 3: PED Advanced. This will support the
municipality in moving forward in small steps rather than planning a very large
project and facing too many obstacles. In addition, this will acknowledge the
different layers of complexity. Since each city has a different starting point,
maybe having one concept and one way to achieve PED could be discouraging.

Base for the positive energy district (PED) implementation analysis

1

! Defining PEDs Mapping the renewable energy :
: Three PED definitions: environment of the EU I
| |+ PEDautonomous Analyzmg the trends, techrlo- I
1 | = PEDdynamic economic aspects and regional |
1 |+ PED virtual differences regarding the renewable | |
| energy environment in the EU :

Analyzing the implementation of
PEDs in the EU

Analysis and discussion about:

* Energy generation
Energy storage

* Virtual power plants
Energy networks
PED networks
Regulations

Figure 4: PED design approach by Lindholm et al. (2021) (original figure remade with

permission)

The energy efficiency should always be an integral part of the PED and should
also be considered in the key performance indicators.

When designing the PED for local context it is important to identify the energy
market situation, population, economy, climate, and resources
availability. For example, the renewable sources such as solar, wind and hydro
are location dependent, while green hydrogen is less dependent on the location.
Similarly, some energy storage systems such as pumped hydro, boreholes or
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compressed air energy storage (CAES) could be more beneficial in certain
geographical conditions.

e By utilizing the Virtual Power Plant (VPP) concept, a PED could own and
operate renewable energy systems and energy storage outside its geographical
boundaries. Examples of technologies that are best suited as VPPs are wind
power and hydropower as well as large-scale energy storage systems, such as
pumped hydro and CAES. Solar PV and batteries, on the other hand, are more
suitable for an urban environment and are thus possible to install in all types of
PEDs (Lindholm et al. 2021). The utilization of VPPs could also be implemented
through agreements with other energy market actors instead of the ownership
of the renewable energy and storage systems (Briink, 2020).

e An ‘onion model’ could be beneficial for constructing PED networks.
Based on this model, the majority of the PEDs could be placed in the outskirts
of the city, and the excess energy generated from these PEDs is exported to
the more central areas in the city, where the renewable energy installations are
not able to fulfil the energy demand. This way, it would be possible to increase
the renewable energy share of the whole city (Lindholm et al. 2021).

¢ Diversification of intermittent renewable energy technologies helps to increase
the demand coverage and reduce life cycle costs (Heidi et al. 2010; Liu et al.
2018). Intermittent renewable energy technologies, such as wind and solar
energy, are often able to compensate each other, as windy and sunny periods
are usually not synchronized. As the price of energy export is often lower than
the price of energy import for small-scale energy producers (Lindholm 2019), it
might be beneficial for a PED to minimize the external grid interaction. By
diversifying the intermittent renewable energy generation, it would be
possible to achieve a positive annual energy balance with a lower export rate
(Rehman et al. 2019).

e The different RES (and other technology) options have several benefits, but also
some limitations that need to be considered when designing the local PED
solution:

o0 Solar energy can be used widely in many locations, and it can be used
in different formats. The cost of solar electricity has reduced
significantly and it will continue to decrease (IRENA, 2022). Solar
thermal collectors can be integrated and installed with heat storage
tanks, assisting the district heating grid, while allowing districts to import
and export heat energy.

o0 Solar PV panels on roofs should be prioritized in PEDs, while facade
integrated solar PV panels can be considered if the solar radiation on
a particular facade is sufficient (Fath et al. 2015, Lindholm 2019). Overall,
city-integrated solar PVs have a great potential and can satisfy over 60%
of the electricity demand in some smaller cities in Europe (Amado &
Poggi 2014; Hofierka & Kanuk 2009).

o Vertical axis wind turbines (VAWTSs) are a popular alternative
among small-scale wind turbines. These wind turbines can handle the
higher turbulence and varied wind speeds associated with urban
environments (Kammen, 2016). The hub height of small-scale urban
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wind turbines is, however, not high enough to access the same wind
speeds as large-scale wind turbines (Wagner et al. 2009).

o Due to the limited space in urban areas, wind power is best suited for
virtual power plants. The distance between the district and the virtual
wind power farm could, however, be relatively short and thereby
ease the power transmission to the district. Wind farms could, for
instance, be installed in nearby rural areas or even offshore if the district
is in a coastal area. Hydropower could also be suitable for virtual PEDs
(Lindholm et al. 2021).

o Bioenergy and hydropower can be used to provide PEDs with
flexible power when the intermittent energy generation is lower than the
electricity demand (Graabak et al. 2019; Haakana et al. 2016). Bioenergy
generation does, however, produce emissions, which contradicts the
PED’s aim to provide better life quality in residential areas (Lindholm et
al. 2021).

0 Heat pumps can be used to recover low temperature heat from the
ground and the ambient air as well as low temperature waste heat from
sewage systems, ventilation air and other waste heat flows, thus they are
able to increase the total energy efficiency of PEDs and minimize the
import of externally generated thermal energy. Moreover, heat pumps
provide additional flexibility to PEDs, as they can be used to transform
electrical energy into heat that can be stored in Thermal Energy Storages
(TES) (Lindholm, 2019).

o It is more cost-effective for dynamic PEDs to interact with the
electricity grid than to use batteries as bidirectional interaction
between the district and its surroundings is allowed (Lindholm et al.
2019). Batteries could be more useful in autonomous PEDs, as they have
a significantly shorter reaction time, add more flexibility to the district
energy system and increase the utilization of onsite intermittent
renewable energy than other storage technologies (Haas et al. 2018).

o Both 4GDH (4th Generation District Heating) and district cooling can
be implemented as local networks (to which all energy consumers and
producers are connected) in the PED with connections to the external
district heating and cooling networks. This way, PEDs can balance their
internal heating and cooling demands before exporting or importing
energy from the external network (Lindholm et al. 2021).

2.2 Challenge of Significance for SPARCS cities: How to co-create PED
solutions in the old and new city districts (Espoo)

Identifying the various actors in society and bringing them onboard to design and
implement PEDs is a complex task and requires several questions to be answered
(Tartia, 2023):

e WHO — What kinds of individuals/groups?
e HOW — What kind of platforms, methods and processes of participation should
be used?
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e WHY — Why they would like to participate? Why is it important that they
participate?
e WHEN / TIMING — When should different citizens participate, how and why?

The Espoo’s SPARCS Co-creation model for sustainable and smart urban areas fills
the gap for developing sustainable and smart city districts in collaboration with the city
organization, private companies, educational institutions, research organizations,
associations, and citizens. The co-creation model, or toolbox, was influenced by the
lessons learned from the development of the City of Espoo’s Kera area and the views
of a wide network of actors. Case studies of the redevelopment of the brownfield Kera
area into a new mixed use district and the Soukka area as a potential infill development
area close to the developing Finnoo district were used as examples of how the model
can be applied. Afterwards the model was further developed generalised to include a
wider range of urban areas.

Kera is to be redeveloped from a current brownfield area to a new urban district and
will stand as an international example of circular economy solutions through active
collaboration with different stakeholders. Kera will be transformed into an urban centre
for approximately 14,000 residents and will offer employment opportunities for 10,000
people, thus providing a unique opportunity to test and implement tailor-made solutions
addressing local needs.

The co-creation model is applicable to all urban areas and urban systems identified for
development!. The purpose is to cover the whole life cycle of the area starting from the
initial planning and moving to the in-depth design, construction, use and operation
phases.

2.2.1Solutions developed in SPARCS

The co-creation model for smart and sustainable urban areas has been developed
through a service design process comprising of a series of case project reviews,
benchmarking (national, European level), Design Sprint workshops, questionnaires,
interactive webinars, and other activities that have been directed to different
stakeholders at different stages to co-create the model. The stakeholders in question
are city departments, companies, organizations, research institutions, other Finnish
cities, landowners, and citizens. Development of the co-creation model began in
December 2021 after a subcontractor was chosen through a tendering process to lead
the model's development. The model was completed in December 2022 and it is
publicly available as an online toolbox (www.co-creatingsparcs.fi/en). See Figure 5.
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Figure 5: Co-creation model development timeline January 2022 - December 2022.
Source: Co-creatingsparcs

1 www.co-creatingsparcs.fi/en
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The aim of developing a co-creation model was to provide insight for the
(re)development process of urban areas and incorporate new innovative smart and
sustainable solutions in the energy and mobility sectors with different stakeholders.
Many technological and practical solutions exist today on these topics but the process
of how these new solutions materialize in the planning and design processes is still
less clearly defined. The model also took a system-thinking approach to the developed
area, examining the developed area as a system of interlinking connections, practices,
technologies and flows, which affect the development of the area and, for example, the
optimization of different sustainable and smart solutions for the area.

It is also essential to highlight here that the development of the co-creation model
promoted ‘co-creation’ with the participating stakeholders by 1) Defining shared
objectives and 2) Encouraging open communication. The model focused on the
themes of energy, mobility and green-blue infrastructure (including land use
development) all of which are critical to Espoo’s goal of becoming carbon neutral by
2030.

The City of Espoo also formed a steering and sparring group consisting of the SPARCS
project team, Kera area development team and the city’s urban planning department
to lead the development of the model and arranged regular meetings. In addition, to
improve communication with the city departments, regular coffee mornings were held
initially between January — March 2022 with the Centre of Excellence for Sustainable
Development (city department) that is responsible for city level sustainable
development and climate work. In total, 15 thematic experts (energy, mobility,
construction, green and blue infrastructure, smart cities) were interviewed in the first
stages of the process to provide up-to-date insights to the matter.

The co-creation model utilized the method of Design Sprints. The definition of Design
Sprint is rooted within the concept of Design Thinking that consists of: Understanding,
Reframing, Ideating, Prototyping and Testing. This is an iterative process with steps
that can be repeated to obtain the desired product based on the needs, wants and
likes. The goal of prototyping is not to finish but to see the strengths and weaknesses
and identify new directions to make the product even better. Design Sprints are intense
4 to 5 days of participants working together with the aim to create and test solutions
within a short timeframe.

Online Design Sprint workshops were held between January and September 2022;
three of the sprints arranged as two half-day events and the last sprint as a shorter
event. The participants were employees of different organizations, policy makers, and
also employees of the City of Espoo from various departments. The potential
participants were approached through direct invites and also by open calls for
participation were distributed to organizations. Many of the invited partners were the
ones already actively participating in the development groups of Kera area. The Kera
area is also a replication area within the project and provided a ground to test
findings/results from the Design Sprints.

e Design Sprint 1 (February 2022): Two half day online workshops to share
information with all participants, get familiar with case studies, share previous
experiences and good examples, and inform about critical steps. In total, 23
people from different organizations participated.

e Design Sprint 2 (March 2022): Two half day online workshops to develop a new
concept of co-creation and build on the findings from the first sprint. In total, 17
people from different organizations participated.
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e Design Sprint 3 (April 2022): Two half day online workshops to apply the
preliminary results in the context of Kera. This helped collect feedback on
improvements to the model. In total, 15 people from different organizations
participated.

e Design Sprint 4 (September 2022): A half-day workshop to further identify and
fit the model to different areas with distinct urban typologies (e.g. existing district
heating infrastructure, public/private landownership, possibilities for RES
integration). Ideas regarding application of the model to new, redeveloped, and
infill development areas were also discussed. In total, 12 people from different
departments of City of Espoo participated in this city’s internal workshop.

The final model includes various steps and tools that support the co-creation of an area
incorporating sustainable and smart urban solutions from the first Initial (strategic)
planning and visioning phase to more Detailed planning and the construction phase(s),
Utilization and maintenance phase(s), and the Re-development of the area (as a
continuous process). The Design Sprints generated the insight and knowledge that
form the basis of the identified tools and steps (Santala et al. D3.6, 2022). Six
interactive webinars were also held during the active working process to present the
interim and final results to the participants. The total number of unique participants to
one or more event(s) in the co-creation process was around 140 from around 40
different organizations.

Citizens were reached by conducting an online survey during February-March 2022.
The survey was shared via the social media network (Facebook page) of the City of
Espoo and received 118 responses. The presented questions were mostly open-ended
and provided valuable information about the citizens’ perspectives on current smart
city and sustainable city development and their views on the possibilities for
participation in different stages of urban development processes. Several responses
claimed that the possibilities for participation still require improvement, an issue that
has been commonly identified as a challenge for cities. A separate online event was
also organized to present and further discuss these results with the citizens in March
2022. A workshop on the results of questionnaire was also planned and scheduled for
May 2022 to further work on the themes with citizens directly, but unfortunately due to
low interest the event was cancelled. The Covid-19 situation might have also played
part in the low interest for the participation in a face-to-face event. Municipal worker’s
strike also had an effect on the workshop as the chosen venue closed due to strike.
Another workshop for citizens was organized in September 2022 in collaboration with
City of Espoo’s TUPA project, which utilized the pre-selected citizen group to co-
develop topics related to sustainable development. 17 citizens patrticipated in the live
workshop. (Santala et al. D3.6, 2022)

The model has been approached as a dynamic model, open for futher development
and enhancements. After the completion of the model creation process by the end of
2022 and early 2023, additional workshops have been held both for Espoo city
departments and SPARCS partners on further identifying utilization possibilities and
topics (e.g. climate work), use cases (e.g. in connection with Digital Twins) and
methods (e.g. additional citizen engagement tools and processes) during 2023. The
model has also been introduced for all the City of Espoo’s district managers in spring
2024, who are responsible of the general development of the Espoo’s districts. The
key notions — including possible district-level use cases within the city — of these
meetings have been collected together and act as a practical reference material for
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both development of district-level energy and mobility solutions in different parts of
Espoo, and developing the co-creation model further, through possible future projects.

The co-creation toolkit has six themes that are key to the regional co-creation process.

1. Prerequisites (for example, understanding the benefits of the project and
knowing available skills and resources)

2. ldentification of starting points (for example, understanding the area and
operators)

3. Solutions development (energy, mobility, green-blue infrastructure and previous
development experiences)

4. Co-creation methods (recommended methods for different stages of the
process such as interviews and gamification)

5. Roles (for example, importance of city officials, landowners and residents)

6. Thinking about the future (explore opportunities to co-create further)

2.2.2Impact of the solution in SPARCS

The work on the co-creation model brought together the SPARCS technical partners,
various units within the City of Espoo, local companies, other Finnish cities,
organizations and citizens. However, keeping the actors engaged throughout the
process was a key challenge. Design Sprints require large time-resource investments
from the participants but can provide valuable and ‘deep’ insights required for the
development of a complex topic as this. The interactive intermittent ‘coffee meeting’
webinars after each Design Sprint on the current stage of the process proved popular
and good places for gathering more (though less ‘deep’) insight for the next phases.
From the citizen engagement perspective, the topic is a bit conceptual and theoretical,
which created some challenges for how to provide places for participation that are
accessible and open to all. The questionnaire and the workshop for a pre-selected
group proved to be the best ways to gather invaluable citizen perspectives on urban
sustainable development. (Santala et al. D3.6, 2022)

The toolkit describes a general model for urban co-creation, taking into account the
conditions and different starting points. The steps also form a continuous improvement
cycle which means that once the solution is in operation and monitored, a new cycle
can begin, for example, when the solution is re-examined and further developed in the
context of the dynamic and transforming operational environment.

Participants gave positive feedback upon completion of the co-creation model.
Participants believed that the model could help in proper identification of actors,
designation of roles, planning both small and large-scale regional projects, and
understanding what information is available, what is missing and what skills are
needed. The toolbox is readily available online so that it can be picked up by any
stakeholder for urban development purposes (Link to toolbox). The toolbox has had
8400 visitors (in April 2024, calculated monthly) since its launch in February 2022.

2.2.3Recommendations

Co-creation means working together on equal footing with a network to achieve a
common goal. Commitment may be ensured through letters of intent and binding
agreement at various stages of the process. A well-organized co-creation process can
also speed up implementation and still be democratic and transparent. It is also helpful
to not be anchored to a particular result but rather to focus on continuous improvement.
The co-creation process can be initiated by anyone with a serious interest in
implementation (city, business, landowners, residents). Resident participation must be
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ensured in the initial mapping, setting of objectives, and evaluation of solutions. Getting
different stakeholders, e.g. utilities aboard may require identification of specific benefits
for them in the desired outcome. Moreover, having a common understanding of the
objectives and ensuring feasibility of new ideas is also key.

Figure 6 shows the six recommended steps of the co-creation model that can be
applied to any urban development project.

1.

Identify and define the changes/transformations needed and desired:
Identify drivers behind the needed or desired change; identify and bring together
the key actors.

Identify the current state of affairs related to the developed topic(s):
Identify specific areas or locations; identify opportunities or actions for the
needed/desired change.

Create a vision for the desired change and for the intended future state of
the district: Identify the measures needed to achieve the objectives, identify or
form necessary cooperation groups/networks; identify key
issues/actions/targets that need to be agreed on or committed to.

Identify the measures and actions that can be promoted jointly with
different stakeholders: identify and define the roles and responsibilities of the
different actors; plan the selected solutions in cooperation networks; plan the
coordination of individual solutions with other solutions being implemented
simultaneously.

Create an action plan: Setup a suitable monitoring model based on the
objectives; plan the implementation schedule and progress; establish a
local/district level commitment agreement.

Pilot and test the selected actions: Monitor the developed actions; Update
the targets and measures if necessary; share the lessons learned.

Recurrence over
the lifecycle

Implementation and
deployment

Identifying the need
for development
and the parties
involved

LETTER OF INTENT

Project ‘
planning Phases Needs and current

state mapping

IMPLEMENTATION
CONTRACT

Identifying solutions Setting objectives

Figure 6: Co-creation model developed by Espoo together with stakeholders
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4. REGULATORY AND LEGAL ASPECTS

Local administrations face a plethora of challenges to develop smart and sustainable
cities. While some may lack the necessary policies, others are unable to access fiscal
incentives or are not responsible for the key local issues, for example, the responsibility
of the road infrastructure may not be in the hands of the local municipality but might
instead be a responsibility of the regional authorities. Moreover, in cases where public
administration is very centralized, this may lead to delays in negotiations, highlighting
that the power of the local authorities in Europe is very heterogeneous (Ferrer et al.
2021).

Stability of the regulatory environment is also of vital importance as without a stable
policy framework, investors may start to look at other possible markets. The processing
of permits may involve numerous state agencies and in certain cases, the project
developer may be required to acquire noise, visual, spatial, ecological, heritage and
drilling approvals which can cause significant delays in implementation if the
administrations are fragmented (Ferrer et al. 2021). In addition, there may be
restrictions imposed by the grid operator, such as types of renewables that can be
connected to the grid, a fee for selling surplus energy or high taxation on certain
renewables (in Finland, property tax for off-shore wind power turbines is three times
higher compared to on-shore wind turbines) (Bartel, 2021).

Within the project, the five Fellow Cities have claimed that lack of leadership in the
energy sector, weak cooperation between the municipality and private service
providers, lack of communication between departments and sectors, high individualism
and most importantly, bureaucracy cause immense difficulties for local administrations
to achieve and suggest changes (Fatima et al. 2022).

Although knowledge of regulations and legal aspects is vital throughout the project,
this becomes more critical in certain project tasks. The topic, for example, is strongly
connected to Task 1.2 Urban Transformation, in particular D1.5 Recommendations for
integrating Positive Energy Blocks in strategic and political city instruments including
recommendations for the national and supra-national legislation. The deliverable will
focus on providing recommendations on how to integrate Positive Energy Blocks in the
cities’, national and supranational existing legislation, namely via policies &
regulations, masterplans, infrastructure plans, budget, among other possible tools. For
example, in Espoo, policy and regulations are necessary when working with blockchain
enabled business cases and control strategies. Additionally, work related to battery
storage, use of Virtual Power Plant and integration of renewables into district heating
are some of the instances where regulations and legal are prominent.

3.1 Challenge of significance: Overcoming regulatory barriers for integrating
RES in existing energy grids (Lviv & Kladno)

Construction and refurbishment of old buildings has been on the European agenda for
quite some time as well as construction of more energy efficient buildings that follow
the updated building codes in Member States. However, the recent changes in the
political environment within Europe (mainly the War in Ukraine) has led to drastic
measures being taken across countries, and to the prioritization of Energy Efficiency
First and REPowerEU policies.
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Already in 2021, Lviv introduced new building regulations for thermal insulation and
energy efficiency of buildings. According to the new updates, all new buildings in Lviv
now have the requirement to have alternative sources of energy (mostly from
renewables) and to also have electric charging. This has been supported by the local
and national authorities. However, the efforts to achieve the goal stretched over
several months as the idea first had to be accepted by the local council and now due
to the current political situation, this idea became a local and national strategy.

The situation in the City of Kladno shows that the national level of legislation does not
guarantee smooth application on the ground. Kladno pursues its Sustainable Energy
and Climate Action Plan with the planned increase in RES installations by 30% until
2030. However, it is the grid operator that determines the conditions for selling of
production surplus and respective prices. Also, it is necessary to check and obtain
permission from the grid operator before installing RES facilities and permission is
required to sell to the grid. Installation on the roof requires one type of approval, while
ground installation requires another, the latter being much more difficult because of
associated problems such as limited space and land ownerships. Moreover, a separate
agreement with the grid operator is needed for each building where the renewables
will be installed, therefore in the case of powerplants, it is much more difficult to do. In
terms of prices, there is no regulation in place that would favor selling the surplus to
the nearby points of consumption. Increasingly, due to technical limitations the grid
also does not favor large scale installations of renewables. The negotiations with the
grid operator can be time consuming and they require good preparation to avoid risks
of asymmetric information. Even if the regulation says that the operator is required to
connect new PV plants, in practice this can be delayed by years due to extra
investment on the side of the grid that needs to be organized and jointly covered by
the newly connected energy producer and the grid operator.

In addition to the challenges mentioned for Lviv and Kladno in relation to the electricity
grids, in many of the countries where district heating is used, it is not liberalized, but a
natural monopoly of the owner of the infrastructure, mainly due to the high costs and
requirements for the infrastructure. This makes it difficult to come to an agreement of
two-way heat trading, although this is starting to create interest among the DH
companies, e.g. in Finland. The DH companies are starting to see the two-way heat
trading as an economical way to increase the share of renewables and waste heat in
their energy sources.

3.1.1Solutions developed in SPARCS

Based on the discussion with City of Lviv, obtaining a license to install RES facilities in
the building is mandatory and it is a lengthy process where the time period may stretch
from two months to one year, depending on who owns the land (private individuals or
the government). Once the building begins to operate and produce energy, the grid
operator (who has a monopoly in Ukraine) will determine how much surplus energy the
producer is able to sell and requires the producer to have a license to sell energy.
Being a partner in the SPARCS project provided inspiration, support and enthusiasm
needed to initiate use of renewables in new buildings and bring in knowledge from
other SPARCS cities about how to integrate the technical solutions successfully.

In anticipation of potential barriers during the implementation phase of PVs on
individual buildings, Kladno decided to go for a “wholesale” approach, preparing the
ground for maximizing the renewable production by assessing potential of all city
owned roofs, while avoiding (at least for now) any ground installations. In the first



i, SPARCS
PAGE 32 OF 156 -

phase, the priority list was identified to highlight opportunities that require low
investment (also due to the EU grants cofinancing) but provide a high yield. Out of over
100 buildings, 30 buildings were selected. The municipal district heating operator was
given the task of obtaining the license for production (required for installations over 50
kWp) and license for trading. This organizational change was an important
achievement in an institutional environment where no one had previous experience
with large scale PV installations.

3.1.2Impact of the Solution

Having alternate sources of energy supply for the buildings ensures tenant safety,
energy security, and well-being. The new regulation in Lviv aims to maintain citizen
safety despite the uncertain situation within the country. It is hoped that Lviv could lead
the way for other cities in Ukraine by setting an example regarding how to implement
energy efficient solutions and networking with other European cities and companies
that could support the implementation process.

In Kladno the city managed to send a powerful signal to the grid operator that the city
had a long-term plan it wanted to gradually fulfill. The grid operator can now adjust
both its technical infrastructure re-investment plan and its local processes with
application procedures to accommodate to Kladno's plan. However, continuous
engagement by the city energy company is instrumental to successful implementation.

At the same time, Kladno started discussion with the central power plant owner
(providing both power to the grid and heat to the city’s district heating) about how to
find better (more sustainable) solutions for the future. The power plant owner is also a
part of the city energy platform (a coordination group of key stakeholders in energy
sector). They are aware of the restrictions on fossil fuels, and are considering
diversifying their energy production, for example by adding biomass. However, the
issue remains how to build the new infrastructure and the level of motivation behind it.
The heat distributor has requested the city to verify the feasibility plan for waste-to-
energy and involve all relevant partners, which signals a possible but slow change
towards a diversified energy mix in the future.

3.1.3Recommendations

e While energy efficient buildings are now part of the national strategy in Ukraine,
to better resolve the energy instability and promote a more sustainable lifestyle,
removal of the license requirement to sell surplus energy to the grid would
make installation and use of renewables much more attractive than it is now.
Instead, the license requirement could be applied to larger installations that
produce electricity above a certain limit. In addition, having low interest rate
credit for energy efficiency projects can also be an appealing incentive for
the local companies in Ukraine.

e Cities are in unique position towards grid operators. Their negotiation starting
point is stronger with clearly stated long-term plans for RES implementation in
municipal buildings that are specific enough to allow grid operators to adjust
their local processes and infrastructure re-investment plans. Therefore,
SPARCS recommends developing clear and phased RES (or just PV)
development plans and speaking to the distributors early on to engage them
in a common strategy. Among other important aspects, this will allow the grid
operators to prioritize the refurbishment of local transformers according to the
need of the newly installed capacity.
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e The environmental impacts are largely still not reflected in the energy prices
(OECD, 2019). To increase the motivation for switching from large, centralized
fossil sources to decentralized clean sources of energy, taxes increasing the
end price per unit of fossil fuel energy (“carbon taxes”) proved to be a powerful
solution. These taxes work in addition to the EU Emissions Trading System (EU
ETS) and they directly affect the price competitiveness of clean energy.
SPARCS