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Executive Summary

As European cities move towards climate neutrality, neighbourhoods and districts have
emerged as a key scale for integrated energy transition and decarbonisation of the
building stock. However, the novelty and complexity of Positive Energy Neighbourhoods
(PENs) have led to diverse interpretations and implementation approaches. Differences in
local governance systems, regulatory frameworks, stakeholder structures and market
conditions shape how PENs are conceived and managed. This report seeks to respond to
these variations by benchmarking emerging organisational models in the

and identifying patterns as well as enabling factors that support effective PEN deployment.

This report, Benchmark and categorisation of PEN ¢ ,anisational models, provides an
analytical framework for understanding how PENs are < ganised, governed and sustained
across different urban contexts in Europe. It contri’ u.. to the wider oPEN Lab project
objective of identifying transferable approaches for i pleme:. a and scaling energy-positive
neighbourhoods, drawing on evidence from three -ase studies ~enk (Belgium), Pamplona
(Spain) and Tartu (Estonia).

The main objectives of the report are to:

e Examine the organisational and governa:. -~ nodels underpinning the emerging PENs
in oPEN Lab;

o Categorise and compare these  “~ls across a.. :rent urban and national contexts in
the example of Genk, Pamplonz 'nd ia.

¢ Identify barriers, drivers and succe s fe .ors influencing PEN developments;

o Derive recommendations to guide ¢ ' s and stakeholders in replicating and adapting
effective organisational © .., in PEIx

The methodology combines .teratur review. rolicy analysis and empirical evidence from the
three oPEN Lab cities. Ear case ¢ .uy s wialysed according to a set of guiding questions,
ensuring comparability while < n wledging contextual specificities.

Methodologically, the "able ¢ ‘tributes to PEN research by operationalising a three-
level analytical fram« vork tha. onneccs local context, intermediary Living Lab structures and
emerging PEN me 2ls and orge isations. The combined use of dual archetype typologies -
organisational an.  'stemic - proy les a novel comparative lens for understanding how diverse
European cities interp. *and op  ationalise the PEN concept under varying conditions.

The benchmarking confirmic ' it all three cases represent transitional systems rather than
completed organisational models. Their current configurations reflect early organisational,
technical and social experimentation, which are important stepping stones towards the
establishment of fully operational PENs. Given this early stage of development, the report does
not attempt to benchmark their maturity; instead, it recognises that each pilot is still in formation
and progressing at a pace shaped by local governance, regulatory conditions and stakeholder
dynamics.


https://openlab-project.eu/

1. Introduction

The Positive Energy Neighbourhood (PEN) concept has emerged as a key component of
sustainable urban development, aiming to create urban districts that produce more energy
than they consume. A PEN integrates various elements, including energy-efficient buildings,
local renewable energy generation, smart grids and active energy management to achieve a
net-positive energy balance. Beyond technological integration, however, the concept places a
strong emphasis on community involvement, governance structures and business models that
support long-term sustainability.

Within the oPEN Lab project, a PEN is defined in the following way [1, p. 15]:

“A positive energy neighbourhood (PEN) is characterised by a group of buildings and public
spaces with connected infrastructure, within a geographi al area. A PEN aims for energy-
efficient and energy-flexible groups of connected buildinc  and urban areas which produce net
zero greenhouse gas emissions from energy use on ar ~nual basis and actively manage an
annual local or regional surplus production of renev ole . ~rgy. PENs seek an integrated,
participatory, neighbourhood-based approach to maximise tric “=2nefits of innovative energy
systems.”

This definition highlights some key principles . a PE}

e afocus on decarbonisation and energy, icic .cy at the neighbourhood scale;
e active management of renewable energy ... Juction and consumption;
o stakeholder collaboration, ensuring social anu  >anomic sustainability.

1.1. Organisational PEK m udels

Organisational PEN models .c. ibe th. governance, operational, financial and
collaborative arrangements nat en ble PEN. (o function and evolve over time. Rather than
prescribing a single bluep: it, suct - - Jrovide a structured way to understand how
different ecosystem stakehc ~rs  including public authorities, citizens, utilities, technology
providers and financiers — inte.. © to deliver neighbourhood-scale energy transition. In this
sense, an organisatior ~* moau. ~aptures the roles and responsibilities of stakeholders,
decision-making pre zsses, . 2cial nows and operational mechanisms that together shape
the effective imple ientation anc 'ong-term sustainability of PENs within their specific local
contexts.

For the purpose of thisic_~rt, 2 organisational model thereby answers key questions such
as:

o Who governs and manages the PEN? (e.g. municipalities, energy cooperatives, public-
private partnerships (PPP))

o What are the key operational mechanisms? (e.g. energy generation, distribution and
storage models)

e How is financing structured? (e.g. public funds, private investments, cooperative
contributions)

e What business and ownership models are applied? (e.g. service-based energy models,
community-owned systems)

Importantly, organisational PEN models are inherently context-dependent. Local governance
specifics, market conditions, regulatory frameworks and community characteristics shape how
such model emerge and operate. As such, organisational diversity is a defining feature of PEN
development.
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1.2. oPEN Lab approach to organisational PEN models

The oPEN Lab project aims to test and refine different pilot PEN models across three cities:
Genk (Belgium), Pamplona (Spain) and Tartu (Estonia). This report aims to capture the
complexity of the emerging PENs through exploring the specific organisational models
attached to each of the PEN projects through case studies. Each of these case studies
reflects a distinct approach to PEN organisation, shaped by local governance, economic
structures, regulatory conditions and stakeholder involvement. To systematically
conceptualise and compare these models, a structured methodology based on existing
literature, stakeholder engagement and real-world implementation is followed. This approach
considers:

o Governance structures — defining roles and responsibilities among stakeholders.

o Operational models —how energy generation, st rage, distribution and energy use
are managed, including investments in energy eff’ .ency, building retrofits and heating,
ventilation and air-conditioning (HVAC) syst: - that shape neighbourhood-level
performance.

o Financial models — financing mechanisms and revenu. tfreams.

e Ownership structures — who owns and ¢ _erates the infrac .ucture.

In the oPEN Lab project, different aspects ¢ goverr .nce, organisational and capacity-
building models are explored (see Figure 1, There .re reports that focus more exclusively
on the governance of living labs (e.g. Mid-proje.  ogress report of Living Labs operations
and management [2], Implementation plans for tri. ~PEN Living Labs [3], and Capacity-
building handbook and mentoring repc "' and others .n aspects steering PEN regulatory
drivers and barriers influencing their g ‘entia *{e.g. Outline of the oPEN Lab policy
roadmap [1]). This report is dedicated to nde: anding how PENs are organised and how
they function. This involves studying ecosystem of stakeholders, governance
structures and operational fr- .. »rks th. enable PENs to develop. To achieve this, the
project examines real-world e ample: from the 1ree pilot cities, each representing a different
approach to PEN organi ation. ~ »= “~'ngs are compiled into abenchmark and
categorisation of organisc ~nal =N models, providing insights that can help guide future
neighbourhood-scale energy iri.  ves.

In the context of the + _iv " projc © a distinction also needs to be made between PENs
and Living Labs, . well as . »ir close interrelation. As also stated in oPEN Lab’s policy
roadmap [1], the " -N refers to a roup of buildings and shared spaces that work together to

achieve high enc ' perform nce, flexibility and renewable energy generation at
neighbourhood level. . ~ Livi j Lab is the platform that brings together residents, the
municipality, companies ai.  .ner actors to jointly design, test and refine the technological,

financial and social solutions needed for such a neighbourhood. Therefore, the PEN delivers
the physical transformation and the Living Lab provides the participatory and organisational
structures that make it possible. The PEN describes what is being transformed, the Living Lab
describes how this transformation is organised and supported.

Figure 1 illustrates how the different elements of the oPEN Lab approach jointly shape both
the PEN and the Living Lab. The Living Lab configuration provides the collaborative
environment, stakeholder engagement and real-life test setting. In parallel, the organisational
PEN model examines how neighbourhood energy systems function within their regulatory,
social and market context. Business model development focuses on how PEN-related
solutions and services can be taken up and sustained. Together, these components contribute
both to the physical transformation of the neighbourhood (the PEN) and to the participatory
and organisational structures that make this transformation possible (the Living Lab).

11



Real life test environment :
Governance for a living lab Business model
development (MACRO), Living Lab for the 3 Living
implementation and operation Lab PENs
[it is not about the PEN as such] management and

operations

Complex urban energy
environments
How does the PEN PEN : PEN solutions
ecosystem look like? . Market uptake of services
Stakeholders, regulation & organisational C and products, integration of
market conditions, service models sitati renovation +
models, social context... RES production + flexibility

Figure 1: Conceptual interrelations in oPEN L. Sor _e: Authors based on VITO and internal
discussions with the  earch team.

When considering the three layers of L iving Labs [5], = also Figure 2) oPEN Lab operates
on the meso level as an innovation pr. =c. « 7 'living Lab methodologies, i.e. beyond the
micro level (individual research steps ari activi ¢s), vJt not reaching the macro level (Living
Lab constellation consisting of organised s 'k olders)."

' “When creating a Living ' h, orga _..c..c _ften begin with what they know already: project
management. They often enter  ~| ing Lab world by a single project such as oPEN Lab (MESO),
discover and test different methods . 7 tools during the project life cycle (MICRQO). Once the project is
finished, organisations b stratey, ~hoice whether to continue using participative methods and
tools but without a ded’ ated struc = or to Jdevelop a specific structure for this type of activity (MACRO).
This becomes an ex nple of instit.  >nalisation of the Living Lab, which is the more advanced phase
when mastering thc  ‘ving Lab conc ot and to ensure longevity. The first steps to institutionalisation
are establishing a gove. ~nce and ! siness model.” (quoted in Zimmermann et al. [4, p. 22])

12



MACRO

Stakeholders & Context

MESO

Portfolio of Projects

MICRO

Tools & Methods

Figure 2: Three-layer model of Living Labs. € .urce: 7"mmermann et al. [4], adapted from
Schur nan [57

While the oPEN Lab project provides a structurea . nework for testing and understanding the
organisational dimensions of PENs, may it also be ai. dy stated that the pilot areas in Genk,
Pamplona and Tartu are stillin early a: . ~~rimental . .ages of development. None of the
three sites can yet be characterised as = fully re .. " PEN in the technical or organisational
sense. Rather, they represent emerging ¢ 2s' .tems where governance structures, financing
mechanisms and stakeholder collaboration. .e progressively taking shape. The focus of this
report is therefore not on as _sc 9 matt >, operational PENs, but on examining the
foundations and trajectorie throuc which ¢ ch neighbourhoods may evolve in the future.

By analysing the current co .iguratic - ' " zntifying enabling and constraining factors, the
study provides an outloon n h w the three pilot neighbourhoods could be gradually
transitioning towards sustaii. ‘e, replicable and scalable PENs within their respective

local contexts.

1.3. Stru. “ure of he report

As a report that seeks to . igate the organisational side of the complex PEN ecosystems
developing in the three oPEN Lab pilot cities, the following chapters will explore:

The policy context shaping PEN development in Europe.

The evolution and common definitions of PENSs.

A review of existing PEN ecosystems based on literature.

A methodology overview, outlining how PEN organisational models are approached

in the oPEN Lab project.

o Detailed case studies of Genk, Pamplona and Tartu, showcasing different PEN
organisational models.

e A comparative analysis of these models, identifying PEN organisational archetypes

and key takeaways.

The report offers a reference framework and practical insights for those involved in developing
or supporting PEN initiatives. Its primary audience includes local and regional policymakers,
urban planners and practitioners working with energy systems and neighbourhood-

13



scale renovation (e.g. energy agencies, utilities, distribution system operators (DSOs),
service providers). The aim is to help these actors understand how PENs can be organised in
practice and what kinds of governance, operational, financial and partnership arrangements
can support (or hinder) their replication or scale-up.

14



2.Understanding the foundations of PENs

This chapter establishes the conceptual and contextual basis for analysing PENs and the
emerging PEN organisational models within the oPEN Lab project. It reviews the policy
frameworks shaping PEN development in Europe, explores ongoing efforts to move towards
a common definition and summarises the key characteristics of PEN ecosystems as described
in existing literature. The chapter further examines PEN business considerations and provides
an overview of how PEN or Positive Energy District (PED) initiatives have evolved across
Europe. Together, these components create a shared understanding of the policy, conceptual
and practical dimensions of PENs, which informs the methodological approach and the case
study analysis framework presented in the next chapters.

2.1. Policy context?2

As cities are on the frontlines of global climate chanc , they = also well-positioned to play a
leading role in addressing it. The European Union ‘EU) aim is ic = climate-neutral by 2050,
which requires a full decarbonisation of the existi g building stock | ;|. One priority must be to
decarbonise the existing building stock, makinc cCities fi:ture-proof with no adverse impact on
climate change and with a minimised enviror ental £ otprint, while having a positive impact
on society.

The first major EU-level articulation of neighbourhoc * scale energy transition came through
the Strategic Energy Technology Plar = “on 3.2 Sma. Cities and Communities [7], which
introduced the concept of PEDs. PEL are u “~*ricts that achieve annual net-positive
renewable energy production while maintc 2inc igh levels of liveability and climate resilience.
According to the White Paper on PED Refe. .ce Framework [7], the Implementation Working
Group of Smart Cities of the Str _,  Energy “echnology Plan established in 2018 stated the
mission to bring about 100 v Jan di :ricts oi 1eighbourhoods in Europe by 2025 with a
clear commitment to sustain oility, lir =" id going beyond carbon neutrality by becoming
energy positive. Although iri.. ''v fr ‘ned within a European context, PEDs have since evolved
into a global research and innc.  an topic, notably through the IEA EBC Annex 83 [8], which
brings together cities ¢ ~=archic  from Europe, North America and Asia to advance PED
definitions, design pr ciples <. ' moniwring frameworks.

Related concepts ave emerged round similar ambitions but different scales or entry points.
The Net-Zero Enei_ District re zrs to districts or urban areas aiming to balance or exceed
their annual energy cc. mpti 1 with locally generated renewable energy - a model that
focuses primarily on enery,  pply-demand balance at district scale [9]. In parallel, over the
last decade, several European research and innovation initiatives, including Horizon 2020 and
Horizon Europe projects, have adopted and refined the concept of Positive Energy Districts
and Neighbourhoods (PEDs/PENSs) to represent a broader, more holistic and place-based
approach. PEDs/PENs integrate buildings, public space, mobility infrastructure, energy
generation and flexibility, and embed social, regulatory and governance innovation into the
urban process.

A major recent policy development relevant for PENs is the introduction of district and
neighbourhood renovation approaches in the 2024 recast of the Energy Performance of
Buildings Directive (EPBD) [10]. The EPBD explicitly recognises that renovation strategies
should move beyond the individual building and consider buildings as part of a wider urban
system. The directive encourages Member States to plan and report on neighbourhood-level

2 For a comprehensive overview of the European policy landscape, neighbourhood-level renovation
frameworks and the development of PED/PEN concepts, see the oPEN Lab Policy Roadmap (2024) [1].
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renovation programmes, integrate district-level technical solutions, and address social and
environmental aspects linked to local contexts. This marks a structural shift towards scaling up
renovation in clusters, enabling shared renewable energy systems, collective flexibility, and
more inclusive engagement with local communities and stakeholders. The
district/neighbourhood approach implies different types of policies, funding instruments and
information schemes, aimed at supporting coordination between multiple actors and
overcoming ecosystem-level barriers considering financing, governance complexity, and
uneven access to information.

2.2. Moving towards a common PEN definition3

There is still a good amount of ambiguity in the literature concerning PEDs/PENs and their key
energy concepts, which is said to hinder their full r ¢ential. Definitions of the related
concepts tend to vary depending on local contexts, ir ‘rests and goals of stakeholders. A
review of various PEDs and related definitions reveal« . tii. “llowing common aspects: [11]:

o Most definitions specify that the surplus of =2nergy or eri. v production must be from
renewable and/or local energy sources

o Usually, definitions do not specify the er rgy car ‘er, but if they do, the most mentioned
are electrical and thermal ones.

¢ Almost all definitions allude to energy ac. « . related to production and high energy
performance and energy flexibility.

e Some definitions also mention **or kind of a. 'vities related to business aspects,
user-centric services, mobility o *mai.. == and management.

Figure 3 below illustrates the technologic ' Iz .dscape commonly associated with PED/PEN
development, covering renew=hle ene v generation, storage, mobility solutions,
interoperability and smart ener: ; me. agemei

ergy Infrastructure Mobility & Transport
& Storage Efficient Buildings

SMART

Figure 3: Building blocks of a PED. Source: Wagner-Herold, Geyer-Scholz [12].

3 For a comprehensive overview of of the European policy landscape, neighbourhood-level renovation
frameworks and the development of PED/PEN concepts, see the oPEN Lab Policy Roadmap (2024) [1].
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However, Figure 3 represents only one part of the broader PED/PEN concept. As highlighted
in recent definitions and in the emerging European policy framework, energy efficiency and
demand reduction remain the starting point for any positive energy approach. Likewise,
social and economic sustainability, user engagement and governance structures form
essential dimensions of a PEN and are increasingly emphasised in research and policy
documents.

In the absence of a single harmonised definition, the oPEN Lab team analysed more than forty
existing definitions to identify common conceptual threads. Building on the existing
references and the insights from the oPEN Lab Policy Roadmap [1], oPEN Lab recognises the
importance of moving towards a common PEN definition. A shared understanding supports
alignment between cities, strengthens comparability and provides a clearer basis for policy
design, investment, regulation and local stakeholder engagement.

oPEN Lab defines PENs as follows (Figure 4):

\ Lab project, a positive energy
) is characterised by a group of buildings and
connected infrastructure, within a geographical
for energy-efficient and energy-flexible groups of
s and urban areas which produce net zero
rissions from energy use on an annual basis
e an annual local or regional surplus production

The benefits o end to providing affordable living,
empironments, and promoting well-being among

It's residents.

A PEN is linked to an urban energy system and it is driven by
renewable energies, which provide optimised and flexible supply.
Buildings within a PEN environment are energy efficient, and their
reduced heat requirements allow for low-temperature and
decarbonised heating systems lile heat pumps and novel
generation from district heating.

A PEN facilitates increased utilisation of renewable energy within
the local energy system by providing optimal flexibility and by
managing consumption and storage capacities according to
demand.

A PEN features the sufficiency principle of energy, environmental
and social strategies.

A PEN supports the circular economy and residual value, by
embracing lifecycle analysis of embodied energy and embodied
carbon considerations.

Figure 4: oPEN Lab definition of PEN. Source: Taranu et. al [1]
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This definition provides the conceptual foundation for how PENs are understood within this
report and across the oPEN Lab project as a whole. However, it is important to note that the
case studies presented here describe PEN ecosystems as they currently stand - that is, as
evolving settings where different elements of the PEN concept are at varying stages of
maturity. Cities differ in institutional capacity, regulatory settings, investment cycles and
technological readiness. In some cities, the neighbourhood may already display several
defining features of a PEN, such as integrated renewable energy sources (RES) or active
stakeholder cooperation, while in others, these components are still emerging through early
planning, pilot actions or Living Lab activities. The analysis therefore acknowledges that the
examples do not yet constitute a fully operational PEN according to the project’s
definition. Instead, they represent different points along a developmental trajectory towards
becoming PENSs, shaped by local context, institutional capacity and policy conditions.

2.3. PEN ecosystem based on existin: ‘terature

As the concepts themselves, literature related to PEL s/PENs .. »merging and taking shape.
The following sections explain the main takeawayv and lessons 1. ~ existing literature.

No cookie-cutter models

JPI Urban Europe [7] stresses that therc ~re no one-fits-all strategies regarding
implementing the PED/PEN concept. Instead, wi. » developing PEDs/PENSs, the “specific
situation of the city should be taken into account, ¢.  density, type of buildings, available
local RES’. For instance, sufficientroc. ' 1.c.. e left for the specifics of a neighbourhood to
choose the most effective alternative to 1. :sil fur 5 —_  solutions are welcome as long as they
are clean and sustainable:

“Implementation of the PEDs + ,. ~s a ac p understanding and consideration of cities’
contextual conditions, pc cies, orioritie strategies, resources and solutions.
Knowledge, skills and techr .iogies = n=="~d for planning, designing, implementation and
monitoring, as well as replic. on a . mainstreaming of PEDs.” [13]

Also reflecting differences ii. 'ncal conditions, stakeholder interests and urban
development goals = ... >t tha efinitions of districts and neighbourhoods within the
energy transition co’ extvary w =2ly [11]. What constitutes a “district” or “neighbourhood” often
depends on each .ity’s specific »atial, social and governance context, ranging from small
settlements to larg =~ urban ar¢ s or clusters of buildings. This diversity highlights the
importance of groundir._ ”EN ¢« icepts in the local context and considering contextual factors
when analysing or replica. - models, as uniform definitions risk overlooking place-based
realities and priorities.

Similarly, it has been stressed that the essence of a smart PED/PEN lies in tailoring it to a
specific city framework condition, “local fabric”, and the needs of diverse stakeholder groups.
“It requires a meticulous process rather than an off-the-shelf solution. It requires collaboration
amongst stakeholders, such as citizens and end users, who are pivotal in shaping the district’s
identity and customer journey.” [12] Which brings us to the next point.

Cooperation with stakeholders, every step of the way

Implementing PEDs/PENSs requires cooperation, where those who invest into constructing*
and supplying for the built environment are the main problem owners — citizens, city
administration, real estate industry and energy suppliers [7]. Vandevyvere [14] adds that
stakeholders include “municipalities, real estate developers, building owners, tenants, energy

4 While some PEDs/PENSs are new development, these are PEN renovations in the oPEN Lab project.
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providers for electricity and heating, research institutes, mobility providers, energy system
providers, information and communication technology (ICT) companies, industry, small and
medium-sized enterprises (SMEs), non-profits or non-governmental organisations (NGOs),
politicians, citizens and citizen organisations”. As the first lesson already revealed, though, this
list is not definitive.

As an example, primary stakeholders interacting in PEN have been mapped along the value
chain of PEN development in the MakingCity Project (see Figure 5):
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Figure 5: PEN Stakehoi. mapping. Source: the MakingCity Project [15] [16].

Not just coop ration, bui! building trust

Co-creation is needec  that ¢ izens would trust, use and feel ownership of the integrated
energy and mobility sc.. ‘o, offered in their district. It is not just about individual
demonstrators, though — wriat can be done to increase citizen motivation, support and
informed appreciation of energy transition measures as a whole? In a PED/PEN, citizens
might even become energy prosumers, so it is important to think about what it means for
them, what they need to live and work in a PED/PEN, etc. [14] What is the shared story for
the future of the neighbourhood [17]? Social innovation and participatory methods/culture
are crucial aspects for realising PEDs/PENSs.

Governance makes the difference

According to a publication by the Smart Cities Information System [18], “proper governance is
needed to assure the legitimacy of the actions and securing a long-term engagement of all
different stakeholders”. Similarly, JPI Urban Europe [7] states that one of the most crucial
enablers of PENs is political vision and governance framework combined with active
involvement of problem owners and citizens. The other enablers they highlight are integration
of energy and urban planning (see next lesson), ICT and data management.
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What needs to be stressed separately is collaborative governance — potential implementation
of PEDs/PENSs according to the regulations and policies in the cities. This “goes beyond direct
citizen engagement and moves towards the creation of networks or coalitions where
discussions and negotiations can take place with a wide range of stakeholders” [17]. It is stated
that “large energy companies, energy network operators, housing assertions, project
developers and big companies are all professional organisations with significant financial
capabilities that need to be explicitly included in PED development” [17].

Integrated and holistic planning

Although traditionally, these have remained separate, integrated spatial, energy and
community planning are the key to PEDs/PENs [14]. The ongoing implementation of the
recast EPBD — including the identification and renovation of the worst-performing buildings [19]
— the Energy Efficiency Directive obligations for EU cour -ies to promote local heating and
cooling plans in larger municipalities [20] and the Re: .wable Energy Directive (RED IlII)
requirement for Member States to designate renewable  ~celeration areas [21] together pose
new opportunities for integrated planning at the loc . lev. JPI Urban Europe [7] likewise
stresses that in case of PEDs/PENSs, a holistic appioach is ri. ded — not only solutions for
energy production, but also legal, regulatory ar . social innova. sn and their integration
into the local ecosystem.

Being mindful of regulations

Just like different ownership structures across 'rope need different approaches for
cooperation, different legal framew~-*ks require < "=rent PED/PEN approaches and
strategies. For instance, depending o. tne .. 2! legal and regulatory context, deciding
which stakeholders to involve varies . \m ¢ untry «0 country [7]. What PEDs/PENs need
are adequate and predictable policy ™ neworks to encourage ambitious projects.
Vandevyvere [14] adds another =~ ~nsion - ‘raditionally, energy generation and distribution
systems, as well as legislatic . ana ‘egulatic s have assumed a centralised, hierarchical
system, which is a great obstacl to energy transition. PEDs/PENs need local and
decentralised energy gene. ‘an, dic .ivuuuii and storage, so decentralisation efforts are key
to promoting PEDs/PENs. L. '© of a harmonised implementation of the collective self-
consumption, renewable =2nergy = mmunity (Renewable Energy Directive) and a delayed
implementation of th  ciuze. ~nergy, ~ommunity (Electricity Market Design) pose barriers
towards democratis ig and decc fralising the energy system.

Looking into ri. rket con itions

Under market condition.. ~cc ss to financing opportunities and implementing successful
business models in the suppi, chain is considered. However, "the market is not an autonomous
process, but interlinked with the social and environmental contextual aspects® of
PEDs/PENSs [13]". The importance of developing financial arrangements to enable citizens
to be a part of PED/PEN development is stressed in the literature. It is stated that “much
depends on national legislation, but local level matters as well — cheap loans, subsidies,
facilitating access to financial institutions” [17].

5 For more information on financing solutions which internalise social and environmental co-benefits of
PENSs, see the oPEN Lab report Enabling finance for neighbourhood renovations (2025) [24].
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2.4. PEN business models®

The report European smatrt cities business models [12] highlights the importance of placing a
strong emphasis on business modelling and bankable business cases to successfully
up-scale and roll out piloted solutions and attract private enterprises and private investment
for viable long-term operations. While cities tend to focus primarily on public interest, value
creation and service delivery rather than on profits and explicit business models, this
orientation can create challenges when transitioning from pilots to operational scalability. More
specifically, the report introduces the concept of the “piloting trap” as [12, p. 37]:

“...the challenge of broadly deploying a solution that was successfully tested during the pilot
phase. Several factors contribute to this difficulty, including the absence of (non-grant-based)
financing for rollout, the lack of established operation models and ownership structures, and
the deficiency in innovation and procurement process s essential to proceed with the
upscaling within the value chain. Consequently, it is cru: al to focus on developing upscaling
pathways, mechanisms, and processes during the pilc | iect deployment and to tackle this
barrier early in the project lifecycle.”

Building on this, the oPEN Lab report Innovative "nancing insti. »2ants for PEN roll-out [22]
[22] underlines that viable PEN business mode! must do more than cover costs. They must
align the incentives and values — econom’ , socia' iand environmental — of all relevant
stakeholders within a given regulatory conte.. =rom is perspective, PEN value propositions
(comfort, reduced energy bills, decarbonisation, 1. .n and air quality benefits, local jobs, etc.)
only translate into viable business models if there are  '~ar pathways to capture these benefits
through revenues, avoided costs, low ‘=l or cheap. access to finance. As such, PEN
business models will need to demonstre ~ the «. ‘> he cost-covering over the long term; a
balanced mix of revenue, co-benefits and =k re .uction; and replicability and scalability across
different local contexts, thereby helping pro, = s to escape the pilot trap and make the “scaling
jump” from demonstrationtom=' ... am dep vment.

According to the book Ene ,y Pos ve Neigi.oourhoods and Smart Energy Districts [23]
selecting business models. ould st _..C......specting the regulation of the system in which
the prospective PEN is situa. ' < to get an understanding of the system to be built up. The
guiding question here is “Who ca. articipate”? For example, electricity system operators and
market platforms may .ave  chnica. cinimum size requirements or minimum bid thresholds
that can prevent 2 .ingle neig hourhood from participating directly in certain markets. In
practice, PENs ¢z often still pai cipate indirectly via aggregators, who pool multiple sites to
reach the requirea . ~sholds, br this shifts the challenge from technical eligibility to finding
suitable intermediary -thers and designing appropriate contractual and governance
arrangement.

If the regulatory framework is broadly supportive, potential PENs then need to understand the
markets and value streams in which they hope to partake. For instance, if the market does
not offer sufficient reward for flexibility deployment, pure flexibility revenues may not justify a
stand-alone business case. At the same time, as highlighted in oPEN Lab reports [24] [22],
PEN business models are not limited to selling electricity or flexibility: the value proposition
also includes social and environmental co-benefits such as reduced emissions, improved
health, comfort and local economic development. It is shown that when such co-benefits are
monetised, ambitious PEN renovations can achieve a positive benefit-cost ratio and a

6 For more information about the barriers and finance solutions that consider the wider co-benefits of
PEN renovations, see the oPEN Lab report Enabling financing for neighbourhood renovations (2025)
[24].

7 Originally EPN, Energy Positive Neighbourhood.
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reasonable return on investment, suggesting that wider societal value can underpin financial
viability when appropriately recognised and integrated into the model [24].

Lastly, the book Energy Positive Neighbourhoods and Smart Energy Districts [23] advises to
assess the attitudes, preferences and capabilities of possible/requisite partners. If, for
example, a suitably accredited partner is needed to access the necessary markets, is such a
partner available? Collaboration between public authorities, private actors and communities
does not only influence revenue potential, it can reduce risk and lower the cost of capital, for
instance through PPPs, guarantees or blended-finance structures. The question is therefore
not only whether revenues can be increased through collaboration, but also whether better
financing conditions (longer tenors, lower interest rates, risk sharing) can be obtained by
structuring the PEN as a multi-actor endeavour.

Due to their complexity, PENs usually require a combinatinn of existing business models for
renovation (e.g. one stop shops, energy performance _ontracting), collective renewable
energy investment and sharing (e.g. collective ¢ if-consumption, renewable energy
communities), mobility (e.g. Mobility as a Service) anc' ie.. “ility (e.g. District Schedule Rate)
[25]. These aspects are explored separately in the ¢. EN Lau | »iect.

Current evidence in oPEN Lab [22] suggests tt .i, under todays conventional market and
regulatory conditions, neighbourhood-scale r sitive ~nergy solutions seldom represent
a straightforward commercial opportuni‘ purel irom the perspective of developers,
investors or residents when only direct energy rc '~ zs are considered. This is due to a range
of political, economic and societal factors that limit . ket uptake, even though the underlying
technologies and their integration are 2'-~2dy relatively  ature. At the same time, it is shown
[24] that when social and environmenta ~Xtei .. > such as health benefits - are taken into
account, the benefit-cost balance of c 1bitic .s PEN renovations can become positive,
indicating that PENs can be financially vi * 2 when co-benefits are properly valued and
integrated into the investmer® __ ~.

Finally, it is important to not that Pf s are nut an end-product or market commodity in
themselves, but a me. s to .cimeve broader policy goals, notably the deep
decarbonisation of the builai ock and the phase-out of fossil fuel-based heating and
cooling. Rather than exprecting a ¢ ‘inct “PEN market” to emerge, the more realistic trajectory
is that PEN-like con” jura.. s anu usiness models gradually diffuse into mainstream
renovation, district neating, i. ‘ibility and energy community practices, supported by
appropriate regu’ ory and fina cing frameworks. Against this backdrop, identifying and
mapping PEN stake. 'ders, thei’ nterests and interactions becomes a critical first step. This
is where conceptualisi. . PEMN organisational models - as done in this report for Genk,
Pamplona and Tartu - provic  a useful foundation.

2.5. PEDs and PENs in Europe - characteristics and archetypes

As the EU advances towards its ambitious climate and energy goals, the development of PENs
and PEDs has become a crucial strategy in sustainable urban development. It has been
established that these neighbourhoods aim to produce more energy than they consume,
integrating sufficiency, energy efficiency measures, renewable energy sources, and smart
management systems to minimise carbon footprints and promote climate neutrality.

While the concept of energy-positive urban areas has gained traction, on-the-ground
implementations vary widely in terms of technological solutions, policy frameworks,
community involvement and infrastructure design. Some PEDs/PENs are driven by cutting-
edge technologies, while others prioritise community participation, local resource utilisation or
policy-driven urban planning.
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In 2020, Urban Europe analysed 61 urban projects dealing with the energy transition and
sustainability aims out of which 29 declared a PED/PEN ambition — some focusing on small
neighbourhoods, while others encompass larger urban districts [26]. These projects, varying
in their stages of implementation, offer valuable insights into the core characteristics and
emerging patterns of PEDs/PENs in Europe that reflect the lessons already described in
Chapter 2.3 above.

Adding to this, based on another analysis [27] of 60 existing PED projects in Europe, it is said
that Norway and ltaly have the most PED projects. Many PED projects declare a ‘yearly’ time
scale® instead of a daily/monthly temporal scale or a seasonal one. Also, nearly a third of the
projects have less than 0.2 km? area in terms of spatial scale. Private investment together with
public funding are commonly observed. A mixture of residential, commercial and office/social
buildings are found. Finally, the most common renewable energy systems include solar
energy, district heating/cooling, wind and geothermal er 'gy. This seems to make up the
general profile of what a PED/PEN looks like in Europe.

In the following sections, two complementary PED/F . ~hetype sets are proposed. The
first set focuses on organisational archetypes, whicn descri. how PENs are governed and
steered, distinguishing between technologically ¢ ven, commui.. centric and policy-driven
approaches. The second set addresses sys*! .nic archetypes, which characterise how
neighbourhood energy systems are configur d and iteract with wider energy networks,
differentiating between autonomous, dynami.. °nd * wal PENs. These archetypes are not
intended as rigid classifications or end states, b.. s analytical lenses that capture the main
trajectories of complex, evolving neighbourhood eri. v systems. In the case studies, both
archetype sets are applied in parallel tc . ~ort a structu. -d comparison of the emerging PEN
models.

2.5.1. PED/PEN organis: uc. al arc etypes - technologically driven,
community-centric ar 4 poli v-driven PEDs/PENs

For replicability and compaic 'ity. is important to develop a common understanding of what
a PED/PEN entails, which kin.  f solutions a “proper” PEN should include and how the
deployment should ha Howev  as the literature highlights, this shared understanding
cannot translate ir » a sing. nresc.iptive model or methodology. Sassenau et al. [11]
argue that effective uistrict-level ¢ ncepts must integrate energy, environmental, economic and
social dimensions ~d address oth buildings and public spaces, yet the specific mix of
solutions varies acco: nq to I al district characteristics. As challenges and opportunities
differ widely between neigy 22 . noods, there is no single “magic recipe” that can be applied
everywhere. Designing a fully bespoke methodology for every district would be impractical and
inefficient. This suggests that PENs require adaptable frameworks which are structured
enough to guide planning and comparability, yet flexible enough to be tailored to local
conditions, needs and limitations.

Indeed, PEDs/PENs across Europe showcase a variety of approaches to achieving energy
positivity and sustainability. While technological innovation is a common thread, the degree of
e.g. community involvement and policy support, together with their holistic integration varies,
leading to some loosely interpretable archetypes. Based on the literature review and the core
characteristics of existing cases presented above, PENs and PEDs could be broadly
categorised into the following archetypes®:

8 Net positive yearly energy balance.
9 Authors’ own based on literature review.
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1. Technologically driven neighbourhoods

These neighbourhoods prioritise cutting-edge technologies to optimise energy generation,
distribution and consumption. They often function as urban living labs, testing and
implementing state-of-the-art solutions in renewable energy production, smart grids, energy
storage and digital monitoring systems. The key characteristics include:

e High reliance on renewable energy sources - solar panels, wind turbines,
geothermal energy and other renewables are primary energy sources.

o Energy storage and smart grids - advanced battery systems, hydrogen storage and
decentralised energy management help balance supply and demand.

e Smart energy systems — artificial intelligence (Al)-driven automation, Internet of
Things enabled energy monitoring and demand-response systems enhance efficiency.

o High-performance building design — positive en>rgy buildings, nearly zero-energy
buildings and passive house standards with optim™ =d insulation, smart HVAC systems
and energy-efficient appliances.

¢ Integration with sustainable mobility solut’ .ns - '~ctrification of transport through
smart electric vehicle (EV) charging stations, energy-. -ring between buildings and
vehicles, shared mobility, cycling infrastru: ure and access . public transport.

o Strengths compared to other archety ¢s — high potential for deep decarbonisation
through efficiency, flexibility and higt RES r netration; often supported by strong
partnerships with research institutions, 'ch Jlogy companies and PPPs; generates
transferable technical knowledge and de.. ~nstrator projects that can inform wider
policy and market design.

o Weaknesses compared to “u.c ~~hatypes — high investment costs and
dependence of advanced infrasti sture  ari v orict scalability; risk of technology-first
approaches that underplay socic - .ceptance, behavioural aspects and equity
considerations; may requi== ~omplex overnance to manage interoperability, data and
cybersecurity issues.

2. Community-centri. neight _...ccC >

These neighbourhoods emphe. = resident participation in planning, decision-making
and management of =~ ~v sys. ms, fostering social cohesion and shared sustainability
goals. The energy-p .itive o ‘2l is 1. 2grated with local resource use, collective ownership
models and lifest ¢ changes » ensure sustainability is a communal effort. The key
characteristics inc “e:

e Strong commu. v go' .rnance - residents are actively involved in shaping policies,
co-owning renewa.  :nergy assets and making decisions about neighbourhood
management.

e Social sustainability focus - integration of cooperative housing models, eco-villages
and collaborative living spaces.

o Decentralised renewable energy production - shared energy infrastructure such as
cooperatively owned solar panels, community biogas plants or local wind turbines.

e Education and behaviour change - awareness campaigns and local workshops to
engage residents in energy-saving practices.

o Emphasis on local resource cycles - circular economy principles, waste-to-energy
initiatives and permaculture-based food production.

e Strengths compared to other archetypes — high levels of local ownership and
acceptance with “people first, technology second”; bottom-up development can
increase resilience as communities are actively involved in defining needs, solutions
and governance structures; potential to address social goals (e.g. cohesion, local
employment, energy poverty) alongside climate objectives.
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Weaknesses compared to other archetypes — scaling beyond the initial community
can be challenging due to governance complexity, reliance on key local actors and
limited funding capacity; land-use restrictions and planning rules may constrain local
generation or cooperative models; technical optimisation may lag if resources and
expertise are limited, or if technology is seen as secondary to social processes.
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3. Policy-driven neighbourhoods

Policy-driven neighbourhoods are established through strong municipal leadership and
regulatory frameworks, often aligning with national and EU climate targets. These initiatives
scale sustainability efforts at a city or regional level, making them an essential component of
urban policy transformation. The key characteristics include:

Government-led planning and funding — municipalities provide policy incentives,
regulatory support, investment in infrastructure or initiate the setup of an energy
community.

District-wide energy solutions - integrated district heating, waste-to-energy systems
and public infrastructure retrofitting.

Incentivised private sector participation — PPPs =2ncourage real estate developers
and energy companies to contribute to sustainab!" urban development.

Alignment with long-term sustainability go: - neighbourhoods are part of city-
wide climate strategies (e.g. climate neutrality 'y z¢ 2 or 2050).

Focus on accessibility and inclusivity - noiicy-drivei. "=Ds/PENs ensure equitable
access to affordable housing and public 8¢ vices while reac ing energy poverty.
Strengths compared to other archety e¢s — ahility to steer change at scale through
regulation, planning instruments and r olic inv stment; potential for long-term stability
and continuity when objectives are mk Jdded in formal strategies and legal
frameworks; potential to mainstream the « N concept and integrate it with broader
urban development and social policy goals.

Weaknesses compared to oti 1 «. “rmas — 10p-down planning may be less agile
and slower to adapt to local ir. avatic s ¢. community preferences; bureaucratic
procedures, regulatory constraints n< political shifts can delay implementation; risk
that formal compliance do=inates ¢ 'r co-creation if stakeholder engagement is not
well integrated.

The main characteristics of * .e prop: :~7 © ~=3anisational archetypes are summarised below
(Table 1):
Feature Tec. 'riven Community-centric Policy-driven
Pri dri i atioNggnd Social engagement Government polic
rimary driver te nology gag policy
, Localised and Large-scale district
- Energy Sn;?lrl ;]rﬁ%nAl’ shared renewable heating, municipal
infrastructure : energy incentives
Community

Governance model

Public sector,
municipal planning

Private sector and

o cooperatives and
research institutions

grassroots initiatives

High cost, Small-scale, difficult Large-scale, but
Scalability dependent on to replicate at city bureaucratically slow
investment level

Table 1: Proposed organisational PEN archetypes. Source: authors.

It has to be stressed that while technologically driven, community-centric and policy-driven
archetypes all offer somewhat useful conceptual models for analysing the focus of different
approaches (and, as such, will be applied as a lens that explores the emerging organisational
PEN archetypes in the context of oPEN Lab), in reality, these categories are not rigidly
distinct. Instead, most PEDsS/PENs projects are hybrid in the sense that they integrate
elements from all three archetypes to varying degrees, depending on local priorities,
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funding structures and stakeholder involvement. As such, purely technological, social or policy-
driven PEDs/PENSs do not exist in isolation — it is rather the case that the success of PED/PEN
projects lies in the success of blending these approaches to create holistic, adaptive and
context-specific solutions. It has been said that “the ability to integrate technical and non-
technical capabilities and engage stakeholders within and outside the city hall, complemented
by the capacity to learn, are the key relational components to (PED) success. [28]" As such,
the key is in how to deliver an integrated city vision.

2.5.2. PED/PEN systemic archetypes - autonomous, dynamic and
virtual PEDs/PENs

Another useful PED/PEN positioning framework has boen proposed by VTT Technical
Research Centre of Finland [29], focusing on au* aomous, dynamic and virtual
PEDs/PENs. These three types differ mainly by tk - system boundaries and allowed
interactions with external energy systems. In short: » ierc > autonomous districts are self-
sufficient within a fixed geographical boundary, uynamic . ‘tricts retain a geographical
boundary while slowing time-shifting imports/exp: s so long as .. annual balance remains
positive, and virtual districts aggregate non- .ntiguous assets and may rely on off-site
renewable generation and storage contractua' tied tc ne district. More specifically:

e Autonomous districts — are designed . < er all annual energy demand with on-
site renewable generation and may expori. nlus energy, but do not rely on external
imports to meet the balance. This implies v. * high efficiency, substantial local
generation (often solar) and sto. ‘ge/nc. " <ized to local conditions. It suits low- to
medium-density areas with amy 2 sur ice iur renewables. The key characteristics
include:

o Boundary —fixec'  araphic rea.

o Energy exchar jes — xportoi ' annual self-sufficiency.

o Implications - stror emnhasis on demand reduction, local photovoltaic
(PV)/therme  nd stc .ge siziny.

¢ Dynamic districts — .  1ave a fixed geographic boundary, but explicitly import
and export ene~> - aver .~ targeting a net positive annual balance (exports >
imports). Flex ity (u« »and rc ponse, thermal/electric storage) and grid interaction
are integral | his suits d¢ ser urban contexts where on-site generation is constrained,
but tempc ' balancing wi  the grid is feasible. The key characteristics include:

o Boun. v —fixed jeographic area.

o Energye. "ar s — bi-directional, positive annual balance required.

o Implications cCoordination with grids/markets, controls for temporal matching
and flexibility.

e Virtual districts — relax the geographical constraint by aggregating distributed (off-
site) renewable generation and storage that are contractually part of the district’s
asset base. Local and off-site resources combine to achieve the annual positive
balance. This model is the most flexible from a siting perspective, but raises
ownership, additionality and accounting considerations (e.g. power purchase
agreements, guarantees of origin). The key characteristics include:

o Boundary — functional/contractual (non-contiguous).

o Energy exchanges - free import/export, balance ensured through
owned/contracted renewables (on- or off-site).

o Implications — emphasis on legal/market instruments, traceability and
governance of virtual assets.

27



The main characteristics of the proposed 3 systemic archetypes are summarised below (Table
2):

Feature Autonomous Dynamic Virtual

System Fixed geographic Fixed geographic district Functional/contractual

boundary district (assets can be off-site)
Annual On-site generation 2 Exports > imports overa  Positive annual balance
balance demand, exports year (on-site generation using on- and off-site
rule allowed predominates) assets tied to the district
Export only (no Import and export, off-site
Energy imports to meet (tLTnp%r:jréi; );]%?: ) generation/storage
exchanges demand) P 9 allowed
Deep efficiency, . ) PPAs/energy community
Core ample local RES FIeX|b|I|ty_, storace, frameworks,
. market/grid ac :ss, s .
enablers potential, storage contro! certification/traceability,
sizing regulatory clarity
Tvbical Low-medium Medium-hign density High-density or
ypica density, large with r- .able grid _onstrained sites, strong
context |, f/and availability ir eraction market/legal instruments
Key Surface constraints, s ner.:s\tr' al . Add|t|onaI|ty/ac?ogr?t|n|g,
hallenges  seasonal mismatch coordiric , ensuring governance of virtua
challeng annuai . nlus assets
Table 2: Proposed systemic . -« = ' ~*vnes. Source: Lindholm et al. [29].

For the purpose of this deliverable, these ‘hrec archetypes provide a useful lens to position
each oPEN Lab’s city’s current neighbourti - energy setup - whether it already functions as
a full PED/PEN or is developir °t elem: ts towards one. The framework enables to (i)
state the intended organisz onal/i chnica: arget (autonomous, dynamic or virtual), (ii)
assess fit with local cor (raints =222~ regulation, market design), and (iii) identify
governance and busines. node .eeds (e.g. municipal leadership for autonomous build-
out, flexibility/market participe for dynamic contractual instruments for virtual). This
common language, ale~= «with the raanisational PEN archetypes proposed before, will be
applied in the analys . of the ree ca. 2 studies and then used to benchmark them against
each other in the ¢ nparison cti »ter (Chapter 7).
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3. PEN organisational models: methodology

The literature review revealed that there is no one-fits-all strategy when it comes to
implementing the PEN concept. There is not one PEN model, but rather several typologies
of PEN strategies, combining diverse governance models, energy systems and district
transformations. As such, when developing PENSs, the specific situation of the city and the
neighbourhood should be taken into account. In order to support neighbourhood
development, it is crucial to understand the specific organisational model for every PEN
project, capturing the complexity of PENs and orchestrating public and private interests in
order to support neighbourhood development.

In oPEN Lab, an organisational model for PENs is seen as a framework of various conditions
in which the PENs are developing, essentially the key components that outline how
governance, operations and collaboration will functic in practice. As such, the models
provide structured frameworks that address the roles of * rious stakeholders, decision-making
processes, financial flows, private and shared assets .i. nerational mechanisms to ensure
successful implementation and long-term sustaine .ity. Ac tated in literature (e.g. [28]),
“PEDs do not originate on their own, but rather, re uire systema. facilitation geared towards
kickstarting local PED ecosystems and develc ng political consutuencies and clusters of
expertise”.

This report aims to describe this emerging « zar’ ational model for the three oPEN Lab
pilot neighbourhoods in Genk, Pamplona and Tar.. 2uilding on existing literature — especially
the ecosystem components that make up a complex =N environment (see Chapter 3.1) —
three case studies were developed, € ... ‘uring a distinct trajectory and its associated
challenges. These trajectories reflectdii rento ja...  .onal emphases within the pilots, such
as Genk’s exploration of a PEN as a ¢ it : approach, Pamplona’s development of an
emerging energy community model centi 1 around virtual energy sharing, and Tartu’s
implementation of a Renovatior us « ‘ervice | 'aaS) model to coordinate multi-owner building
retrofits. Input for the case st Jdies w ; gathere 4 from complementary tasks and materials in
the oPEN Lab project, requ sting ar «ormation from the local project partners based
on the case study structure a: " au' .ing questions. Separate online meetings focusing on each
of the three case studies were hic ' with respective partners in the oPEN Lab project and pilot
cities to discuss any ¢' ..c. _ s ana, ‘*ential revisions. These resulting case studies serve as
three oPEN Lab em ging PEi. ‘rganisational models, leading to a comparative analysis of
the main features . the models.

3.1. Case stu. framework

For framing the 3 case studies, the main aspects/ecosystem components to analyse
originate from the methodological framework suggested by Delft University of Technology [13].
From the iterative Delphi method, the panel experts identified seven challenging topics, in
provisional order of importance, representing what we need to overcome to support the
implementation of PEDs/PENs. These are (see also Figure 7):

Governance: a need for new and innovative forms of collaborative governance;
Incentives: a need for right (economic, social and environmental) drivers and motivators;
Social: a need for local community’s support and engagement;

Process: a need for integrated planning and decision-making approaches;

Market: a need for an appropriate energy market design and business model;
Technology: a need for reducing energy demand and balancing energy demand and
supply systems;

Context: a need for considering regional and local differences.

oaRwWN =
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Figure 6: PED ecosystem interdependen. =. Source: Krangsas et al. [13].

For the purpose of this report, these ¢ ~~vstem comp. ents were modified and grouped
together according to the oPEN Lab cc text. .. ">~ framework for understanding what
the PEN ecosystem and organisatio. !l m .del looks like was used (see Figure 8),
exploring what the framework conditions < = .n which the PENs are developing: (i) context
level, (ii) Living Lab level, and (i" =~ M level.

Context level (1)

The first level focuses on ~sc' uing the “context”, which was defined as a need for
considering regional and loc. differences in the Delft framework. With regards to the
interdependencies witt 2cosy. m components, here, the focus is on the organisational
side of PENSs, so intc depende. ies are mainly drawn with “governance” and “social”, but also
“incentives” as an aportant coni onent accounting for the regulatory drivers and motivators
on the national/reg  nal level. As such, this report proposes the following aspects under the
context level to invesu_ ‘2 in ea 1 of the PEN settings:

e Structures — econc ¢, physical and regulatory settings. Includes a profile of the
houses in the neighbourhood (physical), what the market conditions are that
hinder/steer PENs (economic), what the incentives/regulations are (regulatory).

e Cultures — history, discourses, shared beliefs, values, perspectives and paradigms,
habits, practices, behaviours. Includes a social profile of the neighbourhood.

o Networks — local actors, groups, coalitions, interconnections, leaders.

Living Lab level ()

The second level focuses on what the oPEN Lab project does and hopes to achieve within the
PEN settings. Here, the focus is on “governance” and “technology”. Specific to the oPEN Lab
project, governance will explore the organisational side of the project, i.e. how the Living Labs
are functioning in the PEN settings. In terms of technology, the aim is to give a brief account
of the oPEN Lab interventions planned in each of the cities. In sum, the second, Living Lab
level consists of two components:
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Organisation — Living Lab approach, organisational side.
Solutions — oPEN Lab interventions, technical side.

PEN level (IIl)

The third and final level focuses on the emerging PEN organisational models. How could
governance, operations and collaboration function in practice? What are the emerging roles of
various stakeholders, decision-making processes, financial flows and operational mechanisms
to ensure successful implementation of the PENs and their long-term sustainability? These are
the questions that will be answered through exploring components like “governance” (need for
new and innovative forms of collaborative governance), “social” (need for the local
community’s support and engagement), “process” (need for integrated planning and decision-
making approaches), “market” (need for an appropriate market design and business models)
and, to some extent, “technology” (need for balancing enc gy demand and supply systems).
More specifically, the third level will explore the followinc .spects:

PEN vision - narrative and vision of the PF i, . ‘'uding the timeframe, aims and
objectives of the PEN, scope.

Governance structure — who will manac |, operate ana . ~ulate the PEN? Includes
aspects of collaborative governance, @ ies, community engagement, co-creation,
integrated planning and decision-mal ig. Exr ures governance models, including
community cooperative governance, v s, r .nicipal-led or hybrid models.
Operational models - how could the PE. unction on a day-to-day basis? Includes
aspects of management, energy systems inte_ ~tion, maintenance and monitoring.
Financial models - how will tt . ™' b= fundea and sustained? Includes Genk PEN
as a service model, Pamplor. ener: munity model, Tartu RaaS model,
investment sources, revenue strez. 's, sset ownership, cost structure, sustainability.
Ownership models — incl'ding co-c  nership, responsibility sharing. Who owns PEN
assets?
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Figure 7: 3 analytical '~vels usec 1 the case studies. Source: authors.

It is important to note that all = thes: compoi nts (see also Figure 8) will be analysed from
the point of view of orgs .ising 0nd ~oordinating PENs, highlighting the respective
stakeholder relationships, © »anisa unal responsibilities as well as risks and challenges. As
such, if e.g. looking at technc = |, the case studies will not present in-depth technological
descriptions and analysi='® hut wi.. ~ther aim to explore how the technological context affects
the organisation of th iespec. 2 PEi.

3.2. Case . ndy. cope

As already outlined, the cc.e study analysis focuses on exploring PENs across three
interlinked levels: the context, (0PEN) Living Lab and the specific PEN level. Together, these
levels provide a structured framework to understand how broader socio-economic, regulatory
and physical environments shape the organisational, operational and financial dimensions of
each PEN case. By systematically addressing guiding questions under each level, the analysis
aims to capture the diversity of local conditions and the varying approaches adopted by the
cities involved.

The case study scope (Table 3) involves a set of guiding questions for each of the three
levels. At the context level, the scope covers the economic, regulatory and physical structures
that influence the feasibility and organisation of PENSs. It also looks at local cultures - values,

0 These are analysed in detail in the forthcoming oPEN Lab Report on operational control of PEN
environments (2025) [48], Building integration in PEN (2025) [55] and Report on demonstrated
technologies at building and neighbourhood level in three demonstration areas (2025) [40].

32



behaviours and social profiles - and at networks of actors and coalitions active in the energy
transition. The Living Lab level examines how each city’s Living Lab approach supports PEN
development, focusing on organisational setup, stakeholder roles, citizen participation and
technological solutions. Finally, the PEN level investigates the neighbourhood as a system,
analysing its vision and evolution, governance arrangements, operational and financial models
and ownership structures.

Together, these dimensions enable a more comprehensive understanding of the
conditions, drivers and challenges behind each case. They also establish a coherent
analytical basis for comparing different organisational models of PENs, feeding directly into
the benchmarking and categorisation presented in the next chapters.

Component Guiding questions and aspects explored
| Context level
*What is the economic setting like? M ket conditions hindering/steering
PENSs, loan interest rates, incentives ¢ =red, subsidies, etc.
*What is the regulatory setting like? ' /hc. "= the national/regional legal and
regulatory context like? How do th _se conu ns affect the organisational
Structures set-up of the PEN? Is there a :gulatory pus. © What prerogatives and
mechanisms do municipalities ave for implementing plans for sustainable
neighbourhoods?
*What is the physical se. 'a li' ? Building stock typologies in the
neighbourhood, age, building uc  ieritage protection, etc.
*History, discourses, shared belieic. ‘alues, perspectives and paradigms,
habits, practices, bebh . =
*What are the socio-e. \nomic . teristics of the neighbourhood? How
does this affect the orga. sati nal set-up of the PEN?

Cultures

Networks *Local actors, groups, coa.  uns, interconnections, leaders.
Il Living Lab level
*Living Lab © pproac and set. », stakeholders, roles, etc. How is the Living
Lab orgar’ ed and ?
Organisation *Who are = ~ ke actors involved in the governance of the Living Lab
(municipalities, 'tizens, SMEs, academia, etc.)? How are inhabitants
invol “at are = end-user engagement and co-creation tools used?

*oF _N Lab u nonstration activities/interventions, technical side. What are
Solutions ' . key techn »ogical innovations of the Living Lab? How does the
e nology cont «t affect the PEN organisation?

11l PEN level
*Narrativ. »f 1e PEN, including the scope, aims/vision, and timeframe of
the PEN.
PEN *Describe the PEN, how the buildings interact, and what makes them a
story

PEN. What are the challenges of turning into a PEN?
*What are the strategies for long-term sustainability? What are the
sustainability-related challenges?

*Who are the main stakeholders (e.g. municipalities, real estate developers,
building owners, tenants, energy providers for electricity and heating,
research institutes and universities, mobility providers, energy system
Governance providers, ICT companies, industry, SMEs, non-profits or NGOs, politicians,
structure citizens and citizen organizations) supporting and coordinating the
and models development of the PEN? Please briefly explain the role and responsibility
of each stakeholder in the governance model. Who will manage, operate
and regulate the PEN? How are the stakeholders involved? How do

stakeholders influence the design and operation of the PEN?
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*Are new/innovative forms of governance (e.g. community cooperative
governance, PPPs, municipal-led or hybrid models) used in the
organisational setup of the PEN?

*Are any new forms of social innovation (e.g. energy presumption'") used in
the PEN? What does the model look like?

*Who makes decisions and how? How is planning (spatial, energy,
community planning) integrated and decision-making embedded in the PEN
setup?

*What are the risks (e.g. low community participation, resistance)? How
are conflicts between stakeholders resolved?

*How will the PEN function on a day-to-day basis?

*Management processes - how will energy production, distribution and
consumption be managed? Roles of or=rational partners (e.g. ESCOs,
cooperatives or technology providers).

*Energy systems integration - how ar: =newable energy sources, storage
and smart grids integrated and cc o '? How are energy savings or
surpluses distributed? Mechanisins for ~ 'mand-response and grid
flexibility.

*Maintenance and monitoring - 10w are systems maintained and monitored
over time? Use of digital too! ior sm:  monitoring and data analysis.
*How will systems be mairi. »ed 1d monitored over time? What about
troubleshooting technical issues .

*What are the risks (e.g. energy sys. = failures, integration challenges)?

Operational
models

*What is the combi .. ~f_business models relevant for your PEN
(renovation, renewable nergy ... ientand sharing, mobility, flexibility)?
What are the main a: =t . wnership, value streams and operational
responsibilities? Focus - C ik PEN as a service model, Pamplona energy
community me _ci, rtu Ra. 3 model.

*How will t* - PEN »>e finan. 2d and sustained? What are the revenue
streams 7 .d how > distributed? Includes investments sources
(public func ‘ELU' hational, regional and local grants and subsidies), private
investments, ¢ nerative member contributions, etc.), revenue streams
(ener | 'flexiu.. - sales to the grid and aggregators, subscription fees
for nergy-as service models, energy community membership fees, etc),
c st structure ( itial capital costs — investments in energy efficiency and
F. *C, renewal 2 installations, smart systems, infrastructure; operational
costs  maint 1ance, monitoring), financial sustainability (strategies to
ensure .. ° zrm viability, e.g. reinvesting profits into neighbourhood
upgrades).

*Which are the local opportunities for financing PENs (e.g. cheaper green
loans, environmental/social/governance finance, grants, subsidies,
facilitated access to financial institutions)

*Are there innovative financial models used (e.g. crowdfunding, renewable
and citizen energy communities, cooperatives)?

*What are the risks (e.g. insufficient funding or revenue generation)? How
are financial risks shared among stakeholders?

Financial
models

*Who is the owner of the PEN assets? Define the ownership and

Ownership responsibilities.
models *Asset ownership — who owns the renewable energy systems, heat and
electricity storage and collective HVAC systems? Shared ownership (e.g.

" Model where consumers also produce energy, shifting from being purely passive users to active
participants in the energy system.



cooperatives) or 3" party ownership (e.g. energy providers, energy service
company (ESCO), developers)?

*Responsibility sharing — who is responsible for upgrades, repairs and
operational costs?

*What are the risks (e.g. data privacy, grid access)?

Table 3: Case study scope and guiding questions. Source: authors.
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3.3. Conceptual boundary between Living Lab and PEN
governance

The case study scope highlights the fact that the organisational and governance analysis in
this deliverable distinguishes between two interconnected yet conceptually distinct levels: the
Living Lab and the PEN. This distinction is necessary to capture both the processes through
which PENs are co-created and the structures through which they are ultimately organised
and operated. In oPEN Lab, PENs are still at an early stage of development and their
governance arrangements are emerging from the collaboration frameworks established within
the Living Labs. The following discussion clarifies how the two levels are understood and
analysed in the context of this report.

The Living Lab level represents the process-oriented dimension of PEN development. It
focuses on how diverse stakeholders - municipalities esearch institutions, companies,
citizens and community organisations collaborate to te , adapt and validate new technical,
social and governance solutions. Living Labs serve ac .n. /ation and coordination arenas
where experimentation takes place, roles are negotic 2d ana . -t is built among actors. At this
level, governance refers to the mechanisms ths enable co-ci. tion and decision-making
during the design and demonstration phases, it .iuding coordination structures, stakeholder
engagement methods and feedback loops bet: :en us: s and developers.

The PEN level, in contrast, reflects the outco. -0 2nted dimension, focusing on how the
neighbourhood functions once organisational ai. ~gements begin to take shape. Here,
governance concerns the formalisation of relatiori. ‘ns, responsibilities and operational
models that will sustain the neighboui cC ~=itive eriergy balance over time. It includes
questions of ownership, financing, deci on-ms iy Jthority and accountability structures.
While many of the same stakeholders rei 1ir .nvolved, their roles evolve from collaborative
co-creators within the Living Lab *~ definec ictors in governance, management or end-use
positions within the PEN.

Recognising the continuity .nd trar :i**== “~tween these two levels is essential. The Living

Lab provides the social,  -titut’ hal and technical groundwork for the eventual PEN
organisation. Insights from the ~ ng Lab phase - such as cooperation models, engagement
tools or partnership for~ ‘= - ofte.. =2come embedded in the PEN’s governance framework

once implementation .egins.  =reforc, the analysis of each case study examines both levels
in sequence: first, ¥ 'w the Living ab facilitates co-creation and experimentation; second, how
these processes ¢ into the em¢ Jing governance, operational and financial structures of the
PEN. This methodolic_ »al separ .ion allows for comparative assessment across cases while
acknowledging the evolv.. ' ne .re of PEN governance in practice.

3.4. Benchmark and categorisation of PEN organisational
models - methodology

In this report, benchmarking refers specifically to a cross-case comparative analysis that
examines how the three pilot cities - Genk, Pamplona and Tartu - are each developing their
organisational PEN trajectories within their respective contexts. The purpose of benchmarking
here is therefore relational, not normative: it identifies similarities, differences and patterns
across the cases, without evaluating them against any single external standard or universal
performance benchmark. Instead, the analysis situates each emerging PEN model within its
own development pathway and compares it to others to showcase how different configurations
evolve, which contextual factors matter and what organisational archetypes they most closely
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approximate. Benchmarking in this report thus serves as a tool for analytical positioning and
learning, not for ranking, scoring or prescribing a single “ideal” organisational model.

As such, while the three case studies make up the core of this report, the ultimate aim is to
benchmark and categorise different organisational models of PENs emerging from the
OPEN Lab project. Whereas each case develops within its own regulatory, social and technical
setting, the analysis aims to establish a common methodological framework that allows
their comparison in a meaningful way. This framework integrates the case study framework
(context, Living Lab and PEN levels), the conceptual distinction between the Living Lab and
PEN governance, as well as the two complementary archetype typologies resulting from the
literature analysis: the organisational focus archetypes (technologically driven, community-
centric and policy-driven) and the integration with the energy system-boundary
archetypes (autonomous, dynamic and virtual). The two archetype sets are not competing but
complementary lenses. The first focuses on who dr’ es the neighbourhood and how
governance is structured, while the second addresse now the energy system operates
and how boundaries are defined.

The case study framework and scope presented atove (con.. * Living Lab and PEN levels)
is the first element ensuring comparability acro' . cases, even v. en the PENs themselves
are at different (emerging) stages of developme .. By tracing how local context and Living Lab
interactions influence emerging PEN organis .onal © .tups, the analysis can highlight both
shared mechanisms and case-specific differer.. =.

When combining the complementary archetype seiw. vith the three-level analytical structure,
they provide a multidimensional fram ~rk for bencri. arking (see Table 4):

Case study Organisational ne._ Ssystem Main comparative
level archetypes archetypes questions
What politica’ ‘al What spatial or rZO\lIJVIadt(i)olr?sCilr
Context and marke actoi int. structural conditions 9

incentives shape the

level enable o constre define system .
: . organisational and
each < hetyp . boundaries? .
technical approach?
Wh= living. h  How do oPEN Lab pilots How does
: experimentation/
. . st- «eholdei 'es ariu and demonstrations : o
Living Lab ; - project activities feed
it eractions (m icipal, reflect autonomous, into PEN
level amunity, tec' 10logy dynamic or virtual e
" organisational model
v tners,e ..)? setups? ,
formation?
What g rnance, How are energy How do these
PEN level operational, financial exchanges managed configurations
eve and ownership models  and balanced, what is support long-term
are emerging? the future outlook like? sustainability?

Table 4: Benchmark and categorisation framework for PEN organisational models. Source:
Lindholm et al. [29], authors.

Applying this integrated approach allows each case study to be positioned within both
frameworks, identifying:

o |ts dominant organisational archetype (e.g. community-centric vs. policy-driven).
e Its energy system type (e.g. dynamic vs. virtual).
o The interplay between context, Living Lab processes and emerging PEN governance.

The results from each case study are summarised in a comparable format - covering contextual
enablers, Living Lab dynamics and PEN organisational characteristics. These archetypes will
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then be benchmarked across the three Living Labs to identify patterns, synergies and
transferable lessons.

Through this method, the deliverable ensures that differences in maturity or local conditions
do not hinder comparability, but rather enrich the understanding of how diverse contexts lead
to distinct pathways towards PENs. The combined use of organisational and systemic
archetypes provides a coherent analytical framework for categorising PENs and for drawing
practical insights to inform replication, scaling and policy alignment in future European
renewable energy developments.
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4.Genk case study
4.1. Overview of Genk oPEN Living Lab

. 7

Figure 8: oPEN Lab Genk neighbourhood. Source: VITO.

Location
Waterschei, Genk, Limburg, Belgium.
Introduction

The oPEN Living Lab in Genk is situated in the residential suburb of Waterschei, a district
that combines two distinct urban fabrics: a former mining neighbourhood built in the 1920s and
a social housing area known as Nieuw Texas, constructed in the 1990s. The older part of
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Waterschei was developed as a Garden City to house mining families from the nearby coal
mine, which shaped much of Genk’s early industrial and social identity. Nieuw Texas, located
adjacent to the historic district, has a high proportion of social housing (approximately 85%)
[4].

The oPEN Lab initiative includes the deep renovation of 27 social housing units in Nieuw
Texas and 7 privately owned homes in the Garden City neighbourhood. The goal is to
transform these dwellings into energy-positive buildings using both collective and individual
solutions. These activities are aligned with the city’s broader climate vision under the energy
transition roadmap (GEENkool), which outlines a pathway for Genk to achieve climate
neutrality by 2050 [30]. As part of the larger oPEN Lab project, the Genk Living Lab serves as
a technological testing ground, but also as a model for how PENs can be implemented in
economically and historically complex urban settings [31].

Key figures

o \Waterschei’'s total area is approximately 6.© kn. with a population of ca. 7,600
residents [32].

¢ InoPEN Lab, atotal of 34 residential dwell’ Js are engage. :the renovation activities,
including 27 social housing units and 7 r vately owned homes.

e The pitmen in Waterschei once dugov. 1000 r ztres underground into the earth. Coal
mining began in 1924. Until the pitwas »sec 0 1987, 72,453,796 tonnes of coal were
mined there [33].

e The Waterschei mine was one of the last activ. ~oal mines in Belgium and its closure
in 1987 marked a turning point .. ~*“s post-iidustrial transformation. The former
mine site is now home to Thor F -k, a I .u.._ anovation campus dedicated to clean
energy and smart technology.

e The Tuinwijk Waterschei (C~rden Cii. Is alisted heritage district designed in the 1920s
following the garden cit priric »les of . henezer Howard. Its winding streets, red-brick
semi-detached house and gr =n comn.unal spaces give the area a distinctive identity
and a strong sense  place

-

e Waterschei's popula... = r ilects its mining legacy, including families with Italian,
Turkish, Greek and Easic 1 European roots who settled in the area during the 20%
century. This _uiwc ' dive. "y continues to shape the social fabric of the

neighbourhc d today.

e The distric is located n ar the National Park Hoge Kempen, offering access to
extensive g, n areas ¢ d cycling routes and symbolising the transition from an
extractive to a s ‘*ainat . landscape.

e Waterschei and Nie. . exas together reflect two phases of Genk’s transformation: the
former symbolising its mining heritage and the latter representing its post-industrial
regeneration.

o Within these districts, a selection of dwellings are part of the Open Thor Living Lab
where sustainable renovation and social innovation converge to shape a resilient and
inclusive neighbourhood.
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Figure 9: ienk oPEN Living Lab overview. Source: authors.
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4.2. Genk oPEN Living Lab context

This section provides contextual insight into Genk’s oPEN Lab neighbourhood by examining
the underlying structures, cultures and networks. The aim is to lay the groundwork for
understanding how local contexts shape the organisational models of PENSs.

Il Living
Lab level

Figure 10: Chapter 4.2 explores the context! .ei Genk. Source: authors.

4.2.1. Structures

This sub-section explores the structural con. ions < .aping Genk oPEN Lab neighbourhood,
focusing on their economic settings, regulatoi; - .neworks and physical characteristics.
Understanding these foundational aspects helps  nlain the practical opportunities and
constraints faced in implementing and « ~'ina PENSs.

Economic setting'?

The market conditions shaping the develop  :nt of PENs in Genk reflect both encouraging

trends and persistent structu: .. . tations 9nthe enabling side, the availability of targeted
financial instruments - such < ., the N Renovec .on Premium and My Renovation Loan, both
co-financed via the NextC :neratic ~ nanism in Flanders - demonstrates a clear

commitment by the Flemisri _ »ver ment to incentivise energy-efficient renovations across a
broad spectrum of the housing . rket [30]. These instruments are notably income-adjusted
and have been exten< hetter . ~ve middle- and low-income households, suggesting a
market orientation t+ .« aims tc = omote equitable access to energy efficiency measures.

Additional measu. - including pi perty tax reductions tied to energy performance levels and
VKF (Flemish Clima. Fund) st sidies for social housing companies, further indicate that
energy efficiency is finai. »2lly © Centivised in Flanders [30]. The latter, while modest in scope
(4,000 euros per measure), . il represent a dedicated funding stream for vulnerable housing
segments and contribute to the mobilisation of renovation activity in Genk's public housing
sector.

However, several market-related constraints continue to hinder the widespread and inclusive
rollout of PENs. A key limitation is the misalignment between financing instruments and
the full cost-efficiency potential of innovative renovation methods - particularly
prefabricated elements, which are well-suited to renovations in the social housing context in
Genk. These solutions enable tenants to remain in their homes during construction, reducing
both social disruption and operational costs for housing companies. Yet, current financial
mechanisms fail to recognise these additional social and logistical benefits, and as a result,
offer no targeted support for prefabricated approaches [30]. This is a significant missed

2 For more information about the market conditions and economic instruments relevant to Genk’s PEN
development, please refer to the oPEN Lab report Towards a regulatory framework for positive energy
neighbourhoods, Flanders (2024) [30].

42



opportunity to accelerate renovation timelines while also reducing pressure on social housing
waiting lists.

Furthermore, while market incentives exist on paper, their actual accessibility for
economically vulnerable groups remains limited. Despite income-based adjustments,
many lower-income households face practical barriers to participation in energy renovation
schemes, such as lack of upfront capital, creditworthiness issues or limited awareness of
available programmes. This contributes to a phenomenon commonly referred to as the
Matthew Effect, whereby those already in a position of economic advantage are more likely
to benefit from public subsidies, thereby reinforcing existing inequalities. [30]

Another important market dynamic is the continued emphasis on individual property-level
renovation, which may dilute the economic and technical advantages offered by integrated,
neighbourhood-scale approaches. PENs, by design, see’ to leverage economies of scale
through the aggregation of demand, shared infrastructur: and collective energy management
systems. However, current financial mechanisms are  nerally structured around individual
property upgrades, with few incentives specifically de: gnec  support bundled or coordinated
investments at the neighbourhood level [30].

In sum, while the financial ecosystem in Genk an  the broader Flemish region is relatively well-
developed and outwardly supportive of reno' .ion gr s, it falls short in addressing the
systemic inefficiencies and social equity 4. s the' are central to the PEN approach. A shift
towards market incentives (e.g. public procurenic * conditional subsidies, etc.) that explicitly
value collective renovation, rapid deployment metho.  and tenant stability - particularly in the
social housing sector - would allow fc2r= impactfu. .nd rapid action. Addressing these
market gaps is essential not only for &« hievinc = and climate objectives, but also for
realising the broader co-benefits that PEI"  prec iise in terms of social well-being, affordability
and urban resilience.

At the same time, the region r ust g ird aga: =t what has been termed the “pilot trap”: the
recurrent cycle of investing s stantic public furids into short-term demonstration projects that
fail to produce systemic trc  ~forma _ii. 1uu uften, valuable insights generated through such
initiatives are not institutiona.. < through policy or regulatory reform, leading to repetition
rather than progression Overco:. 2a this “pilot trap” requires the establishment of robust
learning frameworks impi. ~d in. departmental coordination and a commitment to
embedding eviden: . from pilc. =xperiences into long-term strategic planning and market
design.

Regulatory setting

The regulatory landscape stic ping the development of PENs in Genk is a complex interplay
between (1) multi-level governance structures (i.e. responsibilities), (2) evolving climate and
energy policy goals, and (3) partial alignment with the core principles of the PEN approach -
although there is no explicit legal mandate or dedicated regulatory category for PENs in
Flanders or Belgium, several existing frameworks create an enabling environment for elements
of the PEN concept, while others continue to present structural barriers.

At the institutional level, the decentralised governance model in Belgium places key PEN-
related competencies - such as energy efficiency, building renovation, renewable energy
development and local energy planning - under the authority of the Flemish regional
government and municipalities like Genk [30]. This devolved structure provides important

13 For more information about the regulatory frameworks relevant to Genk’s PEN development, please
refer to the oPEN Lab report Towards a regulatory framework for positive energy neighbourhoods,
Flanders (2024) [30].
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opportunities for local innovation and experimentation, particularly in the context of initiatives
like the Local Energy and Climate Pact (LEKP), which Genk has signed. The LEKP sets
tangible targets, including one cooperative renewable energy project per 500 inhabitants and
50 collective renovations per 1,000 housing units by 2030, thus providing a quasi-regulatory
framework that encourages neighbourhood-scale sustainable development [30]. However, the
current round of LEKP subsidies is set to expire in 2025, raising concerns about the continuity
of financial support for municipalities to pursue these objectives. Without a renewed funding
mechanism or long-term policy commitment, there is a risk that local momentum and
institutional learning generated under the LEKP will dissipate before its full potential can be
realised.

The strategic objectives set by regional and national climate and energy plans also offer
high-level alignment with the PEN model. These include the Flemish Energy and Climate Plan
(VEKP) 2021-2030, which targets a 40% greenhouse gas SHG) reduction in the ESR (Effort
Sharing Regulation) sectors by 2030, and the Flemish € mate Strategy 2050, which aims for
climate neutrality by mid-century. These regional ob’ ¢ '=s are nested within the national
framework established by Belgium’s draft updated N ional . ~rgy and Climate Plan (NECP),
which sets a 47% emissions reduction target in *he ESR sec. = and a 21.7% renewable
energy share by 2030. [30]

In addition, the Flemish Long-Term Renovat’ n Stra’ gy (LTRS) has now been superseded
by the National Building Renovation Plari. ‘NF .Ps) introduced under the EPBD. The
NBRPs set out a comprehensive national roadmap  r transforming the building stock by 2050
and, unlike earlier frameworks, explicitly require Me. ~er States to report on district- and
neighbourhood-level renovation approc .. " ~nax |l of uirective (EU) 2024/1275 [34] lists as
a mandatory indicator “the promotion of ¢ ~trict e u ... _1bourhood approaches and integrated
renovation programmes at district leve 7 ° cluding energy, mobility, circularity, green
infrastructure and broader urb2n nlanning considerations. Although the NBRPs do not
prescribe PENs as a specific .nsu. nent, ti v establish a policy framework that directly
supports the kind of integrate , multi- mensiori.l renovation efforts that PENs seek to deliver.

Despite this alignment at thc  ‘rate cC level, critical regulatory barriers remain, particularly in
relation to energy sharing anu  stem integration, which are essential to the PEN concept.
Under current Flemis* . colic ‘ive self-consumption is legally restricted to vertical
apartment buildings. .akingiv ficultic apply to the mixed and horizontally connected building
configurations typi il of neighbc -hoods like those in Genk. Moreover, shared energy is not
remunerated, whi.. =nergy injec :d into the grid is, thereby discouraging local balancing
strategies. In additioi. =nergy orage systems face double taxation, and tariff structures
meant to disincentivise pc * d° nand may inadvertently penalise the electrification of heating,
which is a cornerstone oi .ow-carbon neighbourhoods. [30] These factors collectively
undermine the economic and operational viability of decentralised, locally managed energy
systems.

At the local level, municipalities like Genk have several legal tools at their disposal to
support PEN-like interventions. These include the ability to adopt long-term renovation
strategies, co-develop climate action plans under the LEKP and facilitate Living Labs, district
renovation programmes or citizen energy cooperatives. Genk’s own climate strategy aims to
reduce CO, emissions by 40% by 2030, using 2011 as a baseline, reinforcing its commitment
to sustainable transformation. [30] However, these instruments operate within cyclical funding
programmes rather than systemic regulatory framework, meaning their continuity and
scalability are contingent upon political will, temporary funding and administrative capacity.

A further gap in the current regulatory setting concerns the absence of life-cycle carbon
assessment and circularity requirements in building renovation policies. Although the
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broader sustainability discourse around neighbourhood decarbonisation includes reducing
embodied emissions, promoting prefabrication and encouraging material reuse, there are no
mandatory requirements or structured incentives for considering whole-life carbon in the
design and implementation of renovations [30]. This omission limits the ability of PENs to
contribute fully to long-term decarbonisation goals and restricts innovation in sustainable
construction practices. Nevertheless, bottom-up initiatives such as the Tool to Optimise the
Total Environmental impact of Materials platform, developed by OVAM in collaboration with
the regional authorities, represent an important step towards addressing this gap [35].

In sum, the regulatory setting for PEN development in Genk can be characterised as enabling
in principle, but fragmented in practice. Strategic climate and energy goals at the national
and regional levels provide a clear rationale for scaling up neighbourhood-level renovations
and renewable energy deployment. Municipalities are legally empowered to act and initiatives
like the LEKP offer useful frameworks for local coordinatic and goal-setting. Yet the absence
of dedicated legal recognition for PENs, combined wit" restrictive rules on energy sharing,
storage and life-cycle accounting, presents considerat = allenges to full implementation.

To move from experimental pilots to mainstream deploymeri., e PEN model in Genk will
require @ more cohesive and targeted regulz ury frameworn. This includes reforms to
energy market rules that enable collective self- _nsumntion beyond apartment buildings, the
removal of fiscal disincentives for local stora: . and e _ctrification and the integration of life-
cycle criteria into public renovation funding. Uri.. ¢t adjustments are made, the development
of PENs in Genk will remain dependent on ic ! initiative, project-based funding and
workarounds that do not yet benefit from a comprehei. ‘e legal foundation.

Physical setting'4

The oPEN Living Lab in Genk is focused « »  suburban neighbourhood composed of two
distinct housing clusters: the W= ~chei g. 'den city, originally built to house coal miners,
and the Nieuw Texas socia' .ious. g deve. nment, constructed in the 1990s. Together,
these areas offer a represen’ .iive sa' pnle ~f tunical Flemish residential architecture and urban
layout, with a total of apprc. ~ately ,oru awellings, 1,250 of which are semi-detached homes

[3].

The Genk PEN neigh" ... dis cc. 20sed entirely of residential buildings. The focus on
residential typologic = reflects = »th the original design of the neighbourhood - which was
developed to hous mine workers 1nd later, social housing tenants - and the strategic objective
of upgrading enery, =rformance n the most vulnerable segments of the housing stock [16].
This mono-functional p. “'e enz .es the project to concentrate its technical and organisational
innovations on the spec. -hallenges of retrofitting existing dwellings, particularly in
disadvantaged urban areas.

Although the area is functionally uniform, there is diversity in ownership structure, with both
publicly owned social housing and privately owned homes included [3]. This mix allows the
project to explore and compare different renovation governance models, funding arrangements
and resident engagement strategies under real-life conditions. The resulting insights are
intended to support the scaling of PEN models across other neighbourhoods where mixed
ownership and tenure types may present additional implementation complexities [3].

Waterschei Garden City

4 For more information about the physical frameworks relevant to Genk’s PEN development, please
refer to the oPEN Lab report Overview of contracts, guidelines and best practices for value chain
integration (2023) [16].
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The Waterschei area has strong historical and architectural significance. Established in the
1920s to house workers of the nearby Waterschei coal mine, which closed in 1987, the
garden city is composed mainly of semi-detached brick houses, arranged in a characteristic
geometry with uniform building materials and thermal properties. The neighbourhood exhibits
low-density, green and residential typologies, with winding roads and communal green spaces
in line with the garden city planning ideals of the early 20" century [16].

However, the historical value of the garden city presents constraints on renovation
practices. Since no formal heritage framework had previously been established, the City of
Genk adopted a conservative stance on granting renovation permits that might alter the visible
character of the district. In response to interest from residents and the momentum generated
by the oPEN Lab project, the city commissioned the University of Hasselt to develop a heritage
renovation framework specifically for the Waterschei garden city. This new framework
stipulates which architectural elements must be preservec ind defines the allowable degrees
of design freedom in order to balance heritage r Jtection with energy performance
improvements. As such, the oPEN Lab project serves < testing ground for this framework,
which on the risk side, may lead to higher renov .on cc = due to material and design
restrictions. [2]

Within Waterschei, 7 of the 34 dwellings renova’ J under the oPEN Lab initiative are privately
owned homes located in the garden city. The: . buildir ;s underwent deep energy renovations
within the boundaries of the newly adopted he: 7e amework [3].

Nieuw Texas social housing

The majority of renovation activity wit. n w.c  ~7=M Lab in Genk is concentrated in Nieuw
Texas, a social housing development . 'iltin e 15.0s and located adjacent to the garden
city. Nieuw Texas is composed of social hc <" .g units owned by a public housing corporation
and features semi-detached hs =, sma. building blocks and low-rise apartments, all
constructed in brickwork and © egra d harni niously with the architectural character of the
wider Waterschei district [167

Nieuw Texas offers a pc ‘=u' .ly favourable context for large-scale renovation
experiments. The uniformity .. housing typology, materials and layout allows for the
standardisation ofrenc _..._  ‘*achni, -s, which can be tested under near-identical conditions.
This supports techr’ al compa. ons oi various building envelope upgrades, energy systems
and renovation lor tics. [3] A ke, ‘eature of the renovation strategy in Nieuw Texas is the use
of prefabricated bu.. ‘ng envelope >omponents, which enables on-site installation with minimal
disruption. The retrofit. * works vere designed for the tenants to remain in their homes during
the retrofitting process, a 't al consideration for social housing settings where temporary
displacement can cause haraship. [16] However, the intensity of certain renovation phases led
to the introduction of flexible arrangements - giving residents the option to temporarily stay in
a swap house or with family if preferred. This approach helped reduce renovation-related
stress and ensured that social considerations remained central to the technical process. In
total, 27 of the 34 homes selected for renovation under the oPEN Lab are located in Nieuw
Texas [3].
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Figure 11: Genk PEN neighbourhood. Source: Resic ntial Living Lab Genk [36].

4.2.2. Cultures's

Waterschei is a historically significant and sc .ally vulnerab. district in Genk’s north-
eastern area. Genk itself, situated in the F .mish region of Belgium, has long been
characterised by its post-industrial identity and is .oday considered one of the most
economically disadvantaged cities in Flanderc The zcline of the coal mining industry, once
a major employer in the region, has left lasti._ socio-economic impacts, particularly in
neighbourhoods like Waterschei where much of thic housing stock was originally built to
accommodate mine workers and their? ... = 31

The city’s economic challenges were i. ther affected by the closure of the Ford Genk
automobile plant in 2014, which resulted . * .e loss of over 4,000 direct jobs and thousands
more in the supply chain. This =~ ' reinfoi »d Genk’s post-industrial profile and increased
pressure on the local labour .arket »sarticule y affecting households with lower education
levels and limited mobility.

Waterschei’'s population reflec =* uctural disadvantage, including high unemployment rates
and low-income households. The. factors contribute to complex and intergenerational social
challenges that mus we  'dressc ' alongside technical energy renovations. [3] The
neighbourhood is h' ne to man;, »w-income owner-occupants and social housing tenants, for
whom deep renc fion remains 1ancially burdensome despite the availability of subsidies
and targeted suppc: rough oP' N Lab and Flemish regional programmes. [2]

The economic vulnerabiliy, €r sidents directly affects the organisational set-up of the PEN.
Many households lack the cc.pital or creditworthiness needed to contribute to upfront costs,
even when co-financing or support schemes are in place.

The neighbourhood’s linguistic diversity, with residents speaking Dutch, Italian, Turkish,
Arabic and Polish among others, requires an inclusive communication approach. In practice,
this means using clear and accessible Dutch in written materials, and when necessary,
encouraging residents to bring along a trusted relative, friend or community interpreter to help
ensure that information is correctly understood and shared. Such measures strengthen trust
and support meaningful participation across language boundaries.

Beyond the economic profile, Waterschei holds a strong cultural and historical identity
rooted in its mining past and its legacy as a garden city. The original design of the

15 For more information about the cultural aspects relevant to Genk’s PEN development, please refer to
the oPEN Lab report Capacity-building handbook and mentoring report [4].
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neighbourhood - featuring winding roads, green spaces and semi-detached houses - continues
to shape how residents perceive their environment. There is a shared sense of place and
belonging linked to the architectural heritage and to long-standing community networks, many
of which were formed in the era of the coal mines. [4]

In recognition of this cultural depth, the City of Genk collaborated with the University of Hasselt
and oPEN Lab partners to explore how renovation strategies can be aligned with local
identities and values. The University carried out a comprehensive study, including a detailed
preliminary investigation into garden city characteristics and case studies from other European
cities. As part of the research process, they conducted in-depth interviews with residents to
assess their views on housing, heritage and the meaning they attach to their homes and
neighbourhood. The findings of this research will feed into a regulatory guidebook that
outlines how to carry out heritage-sensitive renovations. [4]

This necessitates a renovation approach that is heavily ¢ osidised, technically supported and
logistically non-disruptive - for example, through the us ~f prefabricated elements that allow
tenants to remain in their homes during retrofittinc 1t a. =~ requires tailored engagement
strategies that recognise the lived realities of the communiiy, ‘ncluding language barriers,
varying levels of digital literacy and differing degr: .s of trust in ins. itions.

4.2.3. Networks

A key initiative within Genk’s local eneray transition ¢ system is GEENkool [37], a city-led
energy coalition launched in partnersi . .. TnerayVilic and EIT InnoEnergy in 2021. The
coalition’s name (“no coal”) reflects it overar .., joal: to support the City of Genk in
becoming climate neutral by 2050. GEENk ol :zrves as a multi-stakeholder platform, bringing
together local companies, research instituc 1s and citizens to co-create a tailored energy
roadmap for the city. Its emphs s o. hroad ¢ mmunity engagement and integrated planning
makes it a natural complemer o the ¢ ?EN Lab aitiative, which operates at the neighbourhood
scale but draws on many >f the ... . .ciples of co-creation, innovation and system
integration.

The organisational ecos “=m suric ~ding the Genk PEN is strongly anchored in Thor Park
[38], a prominent inr _vation ¢ mpus i.cated on the former Waterschei coal mine site. Thor
Park hosts a clust . of researci education and business actors working on energy, smart
manufacturing aric uistainable b Iding technologies, and serves as a physical and symbolic
hub for Genk’s post-ii. =trial tra sformation. The park is home to several strategic institutions,
including EnergyVille - a « "at ration between KU Leuven, VITO, imec and the University of
Hasselt - which plays a ce:..al role in the oPEN Lab initiative by providing technological
expertise, simulation tools and monitoring infrastructure.

Closely linked to Thor Park is Open Thor Living Lab [39], a state-of-the-art testing ground for
smart energy systems, digital infrastructure and sustainable building solutions. Operated by
VITO and EnergyVille, Open Thor enables companies and researchers to experiment with real-
life energy technologies in a multi-energy microgrid environment. It is one of the few sites in
Europe capable of testing energy innovations at the neighbourhood scale, making it directly
relevant for the development and replication of PEN concepts. The experimental and applied
knowledge generated at Open Thor supports oPEN Lab activities in Waterschei by offering
validated solutions, modelling tools and expertise in integrated system design, user
engagement and data-driven decision-making. Through these linkages, the Genk PEN
becomes part of a larger, future-oriented innovation ecosystem.
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4.3. oPEN Living Lab Genk

This section explores how the Genk PEN has been organised and implemented through a
Living Lab approach that brings together public, private and civic actors in a shared
governance structure. It also presents the technical solutions demonstrated in the
neighbourhood, highlighting the renovation strategies, energy technologies and integrated
systems that make up the core of Genk’s energy-positive transformation.

Il Living
E N EE

4

Figure 12: Chapter 4.3 explores the Living " ab level in G¢ ~ Source: authors.

4.3.1. Organisation't

The oPEN Living Lab Genk is one of the key demoi. ation sites within the broader oPEN Lab
project, showcasing how PENs can k= developed .. =ocially diverse and historically
layered urban areas. Located in the Wa.. i district, the Living Lab leverages both
physical assets - such as social and heri.. ye he sing - and a dense network of public, private,
civic and research stakeholders. The over. <" .ng aim is to create a sustainable, healthy and
inclusive neighbourhood while = "nq and i ‘ining scalable solutions for renovation, energy
systems and citizen engagen nt. |« ] The L 'ing Lab integrates technological design with
participatory processes, sen g as a latform for collaborative innovation.

Stakeholder roles and gov. rar e

The Living Lab is ©= ' 2phica. rooted in three sub-areas within the Waterschei
neighbourhood: Nie! . Texac, 'he Ga. uen City quarter and the surrounding neighbourhood
infrastructure, inclt ing public s; ce and local energy systems. Each of these sub-areas has
its own governai.  structure, y :all fall under the coordinated oversight of VITO, which acts
as the Hosting Orgai. ~tion for .e Living Lab [4]. The spatial distinction between the social
housing and private seg. 'nte eflects the need for tailored engagement models, financing
schemes and renovation stre. .gies across different user profiles.

The oPEN Living Lab Genk is made up of a broad coalition of actors, including public
authorities, housing organisations, research institutions, technology providers, NGOs and
residents themselves. Among the core organisations involved are [3]:

o City of Genk — Local authority responsible for urban planning, heritage regulation and
citizen engagement;

e VITO — Research institution and Living Lab host, leading technical coordination and
innovation governance;

o EnergyVille — Providing expertise on energy systems and smart infrastructure;

e Stebo — Supporting social innovation, resident engagement and capacity building;

16 For more information about the Genk Living Lab setup, please refer to the oPEN Lab report Capacity-
building handbook and mentoring report (2023) [4].
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e Wonen in Limburg — Social housing company managing dwellings in Nieuw Texas,
actively contributing to social innovation and resident engagement through co-design
processes, communication with tenants and tailored renovation approaches;

e Private companies — Construction firms, technology providers, ESCO companies and
materials manufacturers;

¢ NGOs and researchers — Ensuring the integration of inclusive practices and scientific
knowledge.

Each actor brings distinct objectives into the Living Lab. For example, technology providers
aim to test solutions in real-life settings and explore new market segments; social housing
corporations focus on delivering high-performance, low-disruption renovations to vulnerable
populations; and researchers seek to generate scientific insights while supporting community-
level energy innovation. [3]

Citizen engagement and co-creation

Central to the Living Lab model is the active involve: en. ~end users, especially residents
of Nieuw Texas and the Garden City area. The project ¢ ‘icitly recognises that deep
renovations and energy transitions cannot sur ced without «  trust, participation and
ownership of those directly affected.

A comprehensive co-design process wac '~velo: :d for both social and private housing
contexts. In Nieuw Texas, co-creation was s. - ured around the Appreciative Inquiry
method and progressed through a “Genk Timeline  ~=2ngagement moments. These included
workshops, home visits, feedback loop: ~nd ideation sc  ions where residents helped shape
renovation priorities and building techr. 'ogiec. 7 A dedicated anchor house served as a
neighbourhood contact point throughout « = rer svation process.

In addition to the Appreciative In=uiry and  ye-on-one coaching formats, a broader set of
engagement tools were apr zd t. =nsure ~clusive participation. These include simple-
language communication m _erials, anslatec summaries, visual step-by-step guides and
information sessions with resider = .. <coompanying family members where needed.

Feedback loops are supportec  »» .rveys, storytelling workshops and informal neighbourhood
meetings. Together, these metric '~ help bridge language, trust and digital literacy barriers
while ensuring that re’ Ucii.. 22l hec ' and supported throughout the process. A key lesson

from this approach s that clec accessible communication and personal follow-up are as
critical to the suce ss of energy r 1ovations as the technical innovations themselves.

Waterschei, by contre.  requirc . a tailored, one-on-one approach due to the diversity of
ownership profiles and hc. in* conditions. STEBO offered personalised renovation coaching
covering technical, financiai and legal advice. A visual “postcard campaign” and in-home
demonstration sessions were used to raise awareness and trigger renovation interest during
key life events (e.g., home purchase or family expansion) [40].

The co-design process helped align technological solutions - such as energy boxes, PV
systems and thermal storage - with user needs and building typologies. Feedback from
residents was directly integrated into technical specifications and procurement documentation,
ensuring real-world relevance.

Even though the renovation works are close to complete, the community engagement
activities are still ongoing in Nieuw Texas and Waterschei. The main goals for these
activities are to educate the people on how to live in an energy-efficient building (tips for
occupant behaviour) as well as retrieving feedback on the usability and comfort of the new
techniques.
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The effort to find common ground between the different experimentation zones - Nieuw
Texas and the Garden City - also illustrates the need for a shared narrative. Discussions are
ongoing about implementing collective infrastructure (e.g. shared energy systems or public
amenities) as a way to build unity and make the PEN concept more tangible and cohesive
across the diverse sub-areas. [2]

4.3.2. Technological solutions'’

The technological backbone of the Genk PEN is based on a twofold strategy: combining highly
energy-efficient building renovations with the optimal control of innovative building
systems at both individual household and neighbourhood scale [4]. These innovations are
deployed through a collective renovation concept, apnlicable to both social rental and
private homes. Importantly, the approach accommodates uifferentiated ownership structures
and seeks to balance standardisation with flexibility, er ling customisation within a scalable
model.

The objectives of the Genk PEN demonstration are [4] [16]:

o To renovate 34 houses (27 social hous' g units in Nieuw Texas and 7 private homes
in the Waterschei Garden City area) v (0 ene' ,y-positive buildings;

e To test, monitor and compare variou. =n vation packages and renewable energy
technologies;

e To provide a testbed for futur= innovations, =ing the neighbourhood as a Living
Lab;

e Toinform the creation of general _ tidel’ .es .. the design and scaling of PENs across
similar contexts.

The renovation works are gr upe into tv © main categories [4] [16]. Together, these
components form solution r .ckage that arc deployed across different homes in the lab.
Each house, while identice in enve Jn, receives a unique combination of building
systems. This experimental . 2rsi’ enables precise comparative performance analysis under
standardised conditions [4].

e Building env .ope:
o Rer vation of wa , roofs, windows and doors.
o Us. f prefabrica d insulated shells for consistent and efficient retrofitting.
o These hells ste Jardise the building’s thermal envelope while minimising
disruptiori, "ow .g tenants to remain in their homes during the renovation.
e Building technologi. s:
o Integration of key energy technologies in one prefabricated energy box,
including:
= Heat pumps (air-sourced and ground-sourced);
= Renewable energy systems such as Building Attached PV, Building
Integrated Photovoltaics (BIPV), PV Thermal panels and solar thermal
collectors;
= Thermal and electrical storage units;
= Ventilation systems;
= Heat emission systems like underfloor heating, radiators, fan coils and
infrared panels;
= Control systems and sensors for monitoring and optimisation.

7 For more information about the prefabrication processes, please refer to the oPEN Lab report
Optimization of the prefabrication process through digitalization (2023) [89].
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o [Each energy box has a unique combination of technologies, where two main
types can be distinguished:
= Individual energy boxes, serving one household;
= Collective energy boxes, serving two to four households.
o District technologies:
o District PV, with artistic print;
o District infrastructure with district battery, district PV, EV charging points, pick-
nick banks, etc.

Figure 13: Renovation process ii. ~nk. Source: VITO.

One of the most innovative aspects 0. 1ic !« PEN is the use of plug-and-play “energy
boxes”. These compact, external units i use tt . ... _rated set of technologies - heat pump,
inverter, battery and ventilation systei. - and serve multiple semi-detached homes
simultaneously. By concentratinc i~frastruc. e in an external module, this solution reduces
the need for invasive in-home r . otfit. gand s 1plifies ongoing maintenance. It also increases
flexibility, allowing system cc iponer ; to be uy.graded or replaced without major disruption.
These energy boxes, in cc unctior ... _..._it meters and control platforms, form the basis
for automated energy manag. = at both building and district level. [1]

All technological inter  “~ns a. embedded within a neighbourhood-wide energy
management systc i that ¢ »bles i:al-time data exchange, demand-side flexibility and
predictive energy ptimisation. e system integrates weather forecasts, dynamic energy
tariffs (e.g. day-aii. 1 electricity p ces), occupancy and comfort parameters and energy usage
data from individua. “Jwellinc . This data-driven infrastructure supports bidirectional
communication between . 'ivi Jal buildings and the energy management platform, enabling
automated control of heating, cooling, storage and consumption. The system can shift energy
loads to times when electricity is cheapest, while still ensuring comfort for each household.
Different homes can follow distinct schedules, thereby distributing the energy load across the
district efficiently. [1]

Notably, the oPEN Living Lab in Genk does not aim to change active user behaviour.
Instead, automation is leveraged to optimise energy performance while keeping the user
experience passive, thus lowering the barrier to adoption and reducing reliance on behavioural
change. [1]

In Nieuw Texas, 27 social housing units were renovated while residents remained on site.
Each unit received a standardised envelope retrofit with a distinct internal configuration.
Communication with tenants was essential to minimise disruption and build trust in this
vulnerable community. [16] In Waterschei, private homes participate voluntarily. Homeowners
must first invest in envelope renovations to prepare the dwelling for heat pumps. The project
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partners then invest in energy systems such as PV, ventilation and control systems. [2] This
model highlights the challenges of working in mixed-ownership neighbourhoods, calling for
tailored financing and personalised engagement.

The renovation works were informed by detailed technical planning and tendering
processes [40]. A concept note and technology matrix guided the selection and combination
of systems for each home, with a focus on modularity and future readiness (e.g. EV charging
and district cooling networks). The design made by the architects also incorporated input from
citizens collected in co-creation sessions. Coordination challenges between separately
tendered envelope and technology works were addressed by requiring time and budget for
joint planning in the tender specifications.

At district level, the project explores shared infrastructure such as BIPV systems, collective
storage, smart control systems and an energy community fc - surplus sharing. Design decisions
are shaped by citizen engagement and technical fea® Jility studies. Integration of smart
canopies and mobility options (e.g. EV sharing) suppor ~roader community objectives.

Shared investments

Wonen in Limburg (WilL), the social housing Jrporation, is responsible for the building
envelope renovations, ensuring improvemer  to in<:ilation, roofing, doors and windows.
These renovation activities follow public p curem it rules as required by the Flemish
Association of Social Housing (Wonen in Vlaanc. =, ensuring transparency and compliance
with state aid frameworks. [16]

Meanwhile, VITO as a key technical « « ~arch parti.er within EnergyVille, oversees the
integration, provision and operatio of t' - _ .ding technologies. These include
photovoltaic systems, heat pumps (indivia 2l 7 id collective), home batteries, thermal storage
and building energy management systen. These technologies are housed in external
prefabricated energy boxes, .iici. nable [ :g-and-play installation and reduce disruptions
during retrofitting. [16]

For the privately owned « mes i the adjacent Waterschei Garden City, homeowners
themselves are responsible for . 1ing and implementing envelope renovations. VITO will still
provide and manage the  ~raytec nlogies, but the project partners are not involved in direct
decision-making, me .ing pi. "ess G.pends on each household's willingness and financial
capacity. Therefore this sub-prc, ctis treated separately in the operational structure. [16]

4.4. Moving v. ' ards an organisational PEN model in Genk

This chapter explores the potential organisational models for a future Genk PEN, drawing
on lessons learned from the living lab in Genk. While a fully developed PEN is not yet in place
in the pilot area, the discussion outlines possible approaches to governance, operations,
financing and ownership that could support long-term sustainability. Based on insights from
local experiences and stakeholder interactions, the proposed framework represents an
informed, assumption-based projection of how a PEN in Genk might be structured to manage
energy renovation and innovation at neighbourhood scale.
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Figure 14: Chapter 4.4 explores the PEN level in Genk. Source: authors.

4.4.1. PEN vision

The Genk PEN is not just a technical experiment, it ., = story of two neighbourhoods in
Waterschei as they move from a legacy of coal mit ag tov. s a future shaped by energy
innovation, social inclusion and community resilien-=. Nieuw Te.. " is a dense cluster of social
housing, whereas the Garden City area is a neig! ,ourhood of privaicly owned, semi-detached
homes built for coal miners and their families. I' :spite ' =2ir differences in ownership and age,
these two areas are bound together by com: on purpose: to demonstrate that a
neighbourhood can become energy positive * ,t only reducing its energy demand and
carbon footprint but producing more renewable ene._ - than it consumes yearly.

At the heart of the Genk PEN are .. ‘%o technical solutions and new forms of
neighbourhood collaboration. The insigi = of th . _ i Living Lab will be used to formulate
recommendations on which renovation m. as' es should take place in both social rental or
private homes. A follow-up trajecton is being set up to explore collective renovation strategies
and refine the heritage framewr < o1. 2 Gardce City dwellings. Currently the question remains
whether all dwellings in the .istrict eed deey renovation such as the living lab houses,
including the installation of refabric __ . .ated envelopes, heat pumps, ventilation, solar
panels, batteries and smar. ‘st .ns. The renovations should be tailored to each home.
However, all houses of the F. ' should be linked through a neighbourhood energy
management syster: ... nnecic “dividual buildings into a virtual microgrid. This means
that homes in both Jieuw Te. s and Waterschei Garden City can share locally produced
energy, balance = ipply and de ‘and, and respond to real-time price signals or weather
forecasts. The neiy. ~urhood as whole becomes more than the sum of its parts: it is a living,
adaptive system whei. "aside (s, buildings and technologies interact to create a net
positive energy outcome 1c. '* - community.

The transformation into a PEN began with the first wave of deep renovations in Nieuw Texas
and private homes in the Garden City, with most renovation works already completed (30 out
of 34 renovations). The oPEN Lab project aims to achieve energy positivity for these 34
houses through a combination of energy-efficient renovation and on-site renewable production.
But the vision goes further: by 2050, under the GEENkool roadmap, Genk aspires to be a
climate neutral city, using the experience and lessons learned in Waterschei as a blueprint
for the rest of the city and beyond. Moreover, other projects that go beyond energy transition
are currently also ongoing in Waterschei. One example is Waterrijk Waterschei [41], a project
that focuses on reducing stormwater overflows, replenishing the groundwater reserves,
increasing green space and biodiversity and improving the overall living environment in
Waterschei. Its key goals are to implement nature-based solutions for rainwater infiltration and
reuse, preventing both drought and water-overload impacts, and engaging residents in water-
wise behaviour and neighbourhood adaptation. All initiatives to support the climate transition
in Waterschei are coupled in the framework of “Missie Waterschei” [42].
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An important pillar of the Genk PEN is to create a sense of community trust and agency.
Through open dialogue, co-creation sessions, home visits and testimonials, residents are
brought into the centre of the process, helping to shape the solutions that affect their daily
lives. The shared story that is emerging is one of collective progress: from a past defined by
fossil energy and social division, to a future where homes, technologies and people work
together to achieve energy self-sufficiency and comfort. As such, the narrative of the Genk
PEN is about turning a legacy of coal into a future powered by community-driven
innovation. The “Genk Groeit” programme [43] is a running project which illustrates very
well the importance of community engagement for the city of Genk. This project aims to spark
curiosity and learning around technology and energy in the neighbourhoods of Nieuw Texas
and Waterschei by creating a low-threshold learning ecosystem that connects local residents
with the core themes of energy and engineering.

4.4.2. Governance structure and models

The governance model of the Genk PEN should re..2ct a mu  'evel, collaborative approach
embedded in the city’s long-term sustainability an  climate-neutrc. » agenda. A starting point
to shape this governance is the oPEN Living .ab Genk, which functions as a vehicle for
aligning and coordinating stakeholders acros« public. rivate, academic and civic sectors in
the implementation of integrated energy tre. ition .irategies at the neighbourhood level.
Beyond coordinating building renovations and .  deployment of smart technologies, the
governance system of the PEN should also facilitate ¢ ~reation, innovation testing and citizen
engagement to advance a fair and futtv = 2~f built envi. sJnment.

Roles and responsibilities

Local government. The City of ©-nk plays central role in shaping the policy and regulatory
environment for the PEN. Itis ir olve 'nvisioi g, planning and legislative alignment activities
and ensures that PEN initiati 2s rem n consis.ent with the broader climate targets set in the
city’s 2030 strategy and the -EENk: ..c.c....p towards climate neutrality by 2050. [3] [1] The
municipality also coordinates = *h .iakeholders through bilateral discussions and co-creation
sessions to identify renovation loc “ians, remove legal obstacles and ensure the integration of
social goals such as ¢ _iy, ™ordac. and housing preservation. However, many of the key
energy and building zgulations at shape these actions fall under regional-level competence,
which limits the e> :nt of municip ' decision-making.

Citizens and buildii._ awners Residents, including private owner-occupants and social
housing tenants in Nieuw "= s and Waterschei, are active participants in the governance
model. While private owners .nake renovation decisions independently, tenants are engaged
through structured co-creation formats such as home visits, interviews and ideation sessions,
helping shift the model towards more inclusive governance and participation. [3] Recent co-
design activities in Nieuw Texas have also enabled residents to contribute to shaping shared
infrastructure, including district batteries, PV systems, EV charging stations and community
spaces, ensuring that new installations meet both technical and social expectations. [40]

Civil services, like (1) SAAMO [44], which focuses on community development for vulnerable
citizens, (2) Stebo [45], which empowers socially vulnerable individuals (especially migrants
and low-income groups) by supporting their access to housing, work, learning and
entrepreneurship opportunities, and (3) energy houses, who give renovation advice, are also
key stakeholders in the PEN governance model.

Private sector and energy providers. Private sector actors include technology providers,
construction companies and energy solution providers. Their role is to implement state-
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of-the-art technologies and support residents in adopting and using these solutions. In the
oPEN Living Lab Genk, renovation technologies — such as prefabricated building envelopes,
PV panels and demand-side energy management systems — are tested in real-life conditions,
enabling industrial partners to refine their products and approaches. The insights gained from
this process can also inform PEN development in other contexts.

Research and academia. Institutions such as VITO, EnergyVille and the University of
Hasselt are crucial governance actors responsible for coordinating the Living Lab structure,
data analysis and innovation management. VITO acts as the host organisation of the
residential Living Lab and is developing tools for the technical coordination of a PEN (District
Energy Management System, Wijkrenovatietool [46], SmarThor data platform [47] etc.).
Academic partners also feed scientific knowledge and field data into policy recommendations
and contribute to the replication of the model beyond Genk.

Decision-making processes

The decision-making in Genk’s PEN still needs to be ¢ .ve. >ad, but the governance structure
of the Living Lab shows that it should be shared across . ‘ltiple stakeholder groups,
depending on the domain. The current decision-m <ing process i.. 2e oPEN Living Lab Genk
is the following [3]:

e VITO leads technological decisions 'nd cr rdinates smart energy systems and
innovation strategies.

o The City of Genk, Stebo and social housii.. ~ompany Wonen in Limburg lead the
social and community engagem ~nt side of gove. 2nce.

e Private and social housing ¢ mei. ' the authority to approve and implement
building renovations.

o Technical partners determine the . = .pility of integrating micro-grid technologies and
other energy systems.

Although the governance stri wreis ¢ ill evolvir. 4, efforts are being made to create a balanced
decision-making process irough' ... _  _.y-partner meetings, bi-yearly governance board
meetings and co-creation ac. *ie with all stakeholders. As such, the governance style can
be described as a hybrid mc ! that blends hierarchical and participatory elements -
leveraging public lead _.... 7th sta. "older engagement and multi-actor collaboration.

Collaborative g¢ 'ernance a: 1 networks

Genk’s PEN goveri. »ce will it .orporate various forms of collaborative governance,
including emerging coai. ns. T .e governance model includes amongst others:

e The oPEN Living Lab itself acts as a platform for aligning housing, energy, technology
and community stakeholders in a unified operational structure.

e Flux50’s Learning Network, coordinated with support from VITO, WiL and the City of
Genk, connects municipalities, energy companies, technology providers and
cooperatives to explore governance, data ownership and legal barriers to energy
communities. These networks deepen knowledge exchange and support long-term
capacity-building. [40]

o While synergies between the oPEN Lab and Open Thor Living Lab are still being
defined, their co-existence underlines a broader ambition to institutionalise multi-
stakeholder collaboration in Genk [3].

Social innovation

The Genk PEN will support various forms of social innovation, particularly through citizen
participation and the idea of PEN as a service. This model proposes energy systems that are
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collectively owned and managed, with services offered to residents without the need for
individual up-front investment. It leverages real-life testing to design inclusive business models,
encouraging a fair energy transition. [4]

Although energy sharing is not yet fully realised due to legal and market barriers, there is an
ambition to test collective self-consumption models, especially for social housing, in the
future. Such innovations can be seen as steps towards a more participatory and decentralised
energy governance system.

Integrated planning

The governance model in Genk will embed elements of integrated planning by aligning
spatial, energy and community development strategies. This is evident in the Waterschei
neighbourhood, where energy retrofits are combined with heritage preservation, social housing
upgrades and public infrastructure improvements [2]. Tt . City’s 2030 climate strategy and
long-term renovation roadmap serve as guiding fr nfeworks for these spatial-energy-
community linkages. Furthermore, the coordination be we. 'ocal development plans and the
GEENKool roadmap reinforces a unified approach to .patial ai.  ~nvironmental planning at city
scale. [1]

Integrated decision-making

Decision-making in the PEN will build on cross ~¢’ r coordination among residents, social
housing associations, technology partners, resc chers and municipal authorities. The
governance model should facilitate iterative decisio. naking through participatory design
processes, feedback loops and adapt = . no. Whiie key technical and legal decisions
remain within the domain of formal st. eholc s . g., VITO, Genk City Council), social
processes - such as co-design workshops 'n¢ citizen testimonials - are increasingly shaping
the direction of the project. [3] A “~lance i. sought between top-down project delivery and
bottom-up input, particularly in  ociai ousing >ntexts where tenants are often excluded from
traditional decision-making.

Strategic development <. @' fu' ure orientation

Plans are in place to tranci*ian the = »nk Living Lab into a more formalised structure beyond
the oPEN Lab projer s lifeu. A fu. /e governance setup may involve shareholders from
institutions such as /ITO, Energ Ville NV, Wonen in Limburg and Thor Park. An Innovation
Committee is ur. r consideratic ' to guide future project selection and maintain a balance
between technologic. ~erformar .e and social inclusion. [3]

At the same time, challeng ~  ersist in aligning the Genk Living Lab with the broader Open
Thor Living Lab, as their stakeholder bases and objectives differ. These divergences may
affect how governance is scaled or replicated in future initiatives. However, the Genk Living
Lab remains deeply anchored in the city’s strategic goals, such as the GEENkool roadmap,
and serves as a local testbed for regulatory innovation, energy citizenship and multi-level
collaboration.

4.4.3. Operational models

The operational model of the Genk PEN is designed to demonstrate how local energy
production, distribution and consumption can be managed at the neighbourhood scale. It seeks
to combine technical innovation with real-life functionality in both public and private housing
contexts, underpinned by collaborative partnerships in the wider PEN ecosystem.
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Management processes

In Genk, the energy system is managed through a distributed, yet highly coordinated
operational setup. Energy production is based on on-site renewable sources, particularly solar
PV, installed on social housing units in the Nieuw Texas neighbourhood. The excess electricity
generated is envisioned to be shared through the establishment of a Renewable Energy
Community (REC), allowing redistribution either to public infrastructure or neighbouring
households that are not part of the oPEN Living Lab itself.

Energy systems integration

A key operational innovation in Genk is the smart integration of renewable energy production,
storage and demand-side management through a connected infrastructure designed to enable
multi-vector energy integration. The strategy operates both at the building and
neighbourhood levels. At the individual building scale, he ses are disconnected from the gas
network, with energy needs reduced through impro 4 insulation, efficient heating and
ventilation systems. Locally installed PV systems @ J 1. * pumps provide the renewable
energy backbone for each home, supported by theri.ial storag  2nd batteries, in some cases
integrated into modular “energy boxes”. [48]

At the neighbourhood level, a collective infrast .cture » ‘th district PV, district battery and EV
sharing stations can be controlled to improve e ens gy flexibility of the neighbourhood and
decrease high peaks of energy demand or sc. nergy production. These individual and
collective systems will be connected to a central datz | '~tform and the neighbourhood energy
management system, which facilitat =~ svstem-wide nergy flow coordination. [48] The
energy flow begins with electricity sourc d1rui..  “~n PV or the grid, which is converted into
heat or cooling and distributed to the hon s, w' 1 energy buffered in local storage systems.

Each dwelling may operate with = <lightly ¢ ‘erent schedule based on occupancy and daily
routines, but the integrated ¢ atroi 'ystem alances these variations to achieve optimal
performance at the district s .ie. Ne' :rtheless, current regulatory and infrastructural barriers

remain a limitation for expar ingcol' _..c c...-consumption models within the neighbourhood.
[48]
Maintenance and m ring

In Genk, all installe technologie of the oPEN Living Lab houses are continuously monitored
through a digital frastructure perated by VITO and partners. Data from each dwelling -
covering energy use, “oor clim e and system performance - are transmitted via local HVAC
controllers and gateway. ~ ce .ral platforms (Cast4All SIMPL and EnergyVille’s SmarThor),
where they are processed ¢ J analysed. This ensures proactive system optimisation, fault
detection and a continuous feedback loop between residents, researchers and technology
providers. [40]

However, it is not feasible to install over 200 sensors (similar to the oPEN Living Lab Genk
houses) in all dwellings of the Waterschei district: the investment costs for these sensors and
the maintenance costs of the data platform would be too high, while the added value would be
limited. Therefore, follow-up research is required to identify which key parameters are
crucial to monitor and control to feed into tools such as district energy management system
or a predictive maintenance system for the PEN.

Renewable Energy Community (REC) model

The Genk PEN also aims to evolve into a REC, where surplus energy generated in the Living
Lab (especially in Nieuw Texas) can be shared with non-participating neighbours and
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potentially with the wider community infrastructure. Wonen in Limburg seeks to extend this
surplus electricity access to other tenants who are not currently involved in the Living Lab.

However, despite the technical feasibility, there are significant regulatory and administrative
hurdles to implementing this model in Flanders. As identified by Flux50’s Learning Network
on energy communities and energy sharing, setting up an REC in Flanders entails:

o High administrative fees (up to 150 euros per customer per year) from energy suppliers,
threatening the financial viability of small RECs;

o Limited financial incentives (e.g. Flanders does not offer the distribution cost reductions
that are available in Wallonia and Brussels);

e Legal uncertainty regarding value added tax and asset ownership;

o Lack of clarity around the transposition of EU energy-sharing regulations;

o Regulatory requirements that prohibit offering ens -gy at reduced or free prices, in
contrast to the EU Decree.

Despite these obstacles, the Genk case is actively ¢ . ting to broader policy learning.
Real-time data from Genk is being shared within thc Flux5v  »arning Network, influencing
discussions with policymakers (e.g. VEKA, Flemi 1 Energy Age /) and contributing to the
design of fair, grid-friendly and socially inclu ve energy systems. Moreover, Technical
Assistance Hubs have been set up by the Fle .ish gor .rnment to support cities like Genk in
navigating these complex regulatory landsca, =~ and uJlling out RECs.

As such, the Genk PEN'’s operational model is ci.. ~cterised by a hybrid system of public,
private and research-led actors workin~ together to ac 'ny and manage innovative building
and energy technologies. Its ambition 1 becc. = fully integrated REC is constrained by the
current legal and economic framework iri “land: s, bu. nonetheless, it operates as a real-life
testbed for future energy systems.

4.4.4. Financial m dels

In the current model of the oPL ! /ing Lab Genk, VITO financed the acquisition and operation
of energy technologies monitoi.  systems and control infrastructure, while Wonen in
Limburg (the social ¥ usirg  socia. 1) covered the costs of building envelope renovations.
For the private hor .owners in “arden City Waterschei, the same principle is maintained:
VITO invested in ' = energy tech »logies and related assets, while the homeowners covered
the costs of the bu. 'ng envelc e renovations. These investments are complemented by
support from the Europ. » Co .mission and oPEN Lab consortium partners, which funds
both research and selectea. cts under the oPEN Lab framework, enabling innovation testing
and scalability. [4]

With the financial model of the Living Lab as example, the financial model of the Genk PEN
should be built as well on a multi-source funding structure that combines public, private and
research-based contributions.

Genk PEN as a service model

The Genk PEN as a service model aims to represent a key approach designed to facilitate
collective energy renovation and empower multiple stakeholders through shared value creation
and risk mitigation [4].

A major challenge in the Genk context is the lack of available funding and accessible
financial products for deep energy renovation, particularly for low-income households and
social housing tenants. At the same time, the renovation sector faces a lack of real-life testing
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environments for near-to-market innovations, as well as a gap in resident trust and awareness
regarding the benefits of renovation. The PEN as a service model could address these issues
by leveraging the collective scale of neighbourhood renovation, sharing costs and benefits
across partners and generating new revenue streams from innovation, data and services.

At the heart of the PEN as a service model is the role of a trustworthy, independent party
who acts as a facilitator, aggregator and quality assurer. This party coordinates
collaboration among residents, housing associations, industrial partners and public authorities.

The financial model recognises a diversity of users and customers, each with different needs
and potential revenue streams. Housing associations receive advice on renovation
portfolios, methods, feasibility and can participate in collective procurement and service
contracts. Industrial partners gain access to real-life testing and demonstration, improve
offerings and develop scalable solutions through product & 'd service monitoring. Data Users
- industrial partners, policy makers and researchers - be <fit from granular performance and
behavioural data, enabling further R&D and policy inr  ~tion. Energy Users - tenants and
private homeowners - benefit from improved comfort zduc ' bills and participation in energy
communities without the need for upfront investment or indivia. ' nroject management.

Potential core stakeholders in the Genk PEN # a Service model include VITO (Living Lab
host, technical integrator), Wonen in Limburg ocial I 'using Association and its residents,
private housing residents, Stebo (energy = =ncy .upporting engagement and outreach),
City of Genk (urban planning, policy support),  iustrial partners (product and solution
providers) and EU, local, regional, and nationai , ‘'icymakers (enabling regulatory and
funding environment).

To deliver on its value proposition, the P. 'l as © service operator undertakes:

¢ Integration of existing inf-2structu  with new energy devices into tailored solution
packages for buildings + .a ri. yhbouri ods.

o Advice and consult: icy for 1ousing «ssociations and residents, including financial
models, feasibility ° diesar ..., nanagement.

e Research and deveic, »¢ itin smart controls, Internet of Things applications, building
energy management sysiw. s and new prototypes.

e Product and _..vic *estin_ monitoring and validation for industrial partners and
market read’ ess.

e Data ana' :is and proc s;sing to create feedback loops for innovation, policy and
performance *nrovemer

The business model can « = ,tained through a combination of membership fees (charged
to participating organisations, industrial partners or energy communities for access to the
Living Lab platform and services), asset acquisition (investment in energy devices,
prefabricated renovation elements and other infrastructure), data platform fees (covering the
costs of maintaining and operating the digital backbone of the Living Lab, building and lab
use fees (rental or usage charges for test environments and demonstration projects) and
consultancy fees (income from advisory services, project management and technical
support).

By aggregating demand and supply, the Genk PEN as a service model could improve the
viability and financial attractiveness of renovation projects. The service model can reduce
transaction costs, enable collective procurement and de-risk investment for both housing
providers and technology suppliers. For industrial partners, participation accelerates product
development and market acceptance. The continuous testing and validation cycle ensures
that innovations can be refined and scaled up, with lessons learned feeding directly into policy
and wider market development. Finally, as data and experience accumulate, the PEN as a
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Service model can be replicated across new neighbourhoods, helping to mainstream positive
energy solutions and unlock further investment for the energy transition. [4]

4.4.5. Ownership models

The Genk PEN needs to adopt a hybrid ownership model that reflects the different types of
stakeholders involved. In this setup, the building owners - both Wonen in Limburg and private
homeowners - retain ownership and responsibility for their buildings and physical renovations.
The technical systems — such as PV panels, batteries, heat pumps, ventilation and
monitoring infrastructure — can be funded by an “energy as a service” model, whereby
energy technologies are offered to housing owners without requiring upfront investment from
them. [3] This approach allows both social and private housing residents to benefit from
improved comfort and lower energy bills, while retaining # _essibility. The model also enables
shared responsibility and ensures that both technolc ical and operational decisions are
aligned with user needs, market flows and research ¢ als. 9]

4.5. Summary of the emere ng Gonk organisational PEN
model

Genk presents a compelling case for analysing +. "' development in a post-industrial city
transitioning towards a low-carbon a=~ knowledge-c. =d economy. The city’s historical
dependence on heavy industry has sh. ~eua . “> nhvsical fabric and institutional mindset,
resulting in a strong municipal leadership ~le a: 1 an evolving ecosystem of collaboration with
universities, housing associations and prive » .ctors. The Genk case is analytically interesting
as it illustrates how a policy-dri ‘nnovat. n approach can foster systemic transformation
in a context marked by socioe unom: challeri_ »s and legacy infrastructure.

4.5.1. Context level

Genk offers a strone .uti.. mente  “oundation for PEN development. Ambitious policies,
capable institutions nd dedicaic ' funding support renovation, but frameworks remain focused
on individual buil¢' gs rather tha neighbourhood-scale solutions. The city’s post-industrial
and multicultural < ~racter de hands inclusive, socially aware approaches that build on
residents’ strong sense " pblac and community. A robust innovation network, centred on
Thor Park and EnergyVille, . * es technical progress, but greater citizen and SME involvement
is needed. Overall, Genk’s context is policy-driven and institutionally strong, though scaling
PENSs will require better financial alignment, regulatory reform and social inclusion.

Structures

Genk’s structural environment combines strong policy ambition with practical constraints that
limit the full rollout of PENs. The economic setting features well-developed renovation
incentives and social housing subsidies, but these remain geared towards individual buildings
rather than collective, neighbourhood-scale solutions. Prefabricated renovation approaches -
well-suited to Genk’s social housing stock - are not yet adequately supported, and lower-
income households still face barriers to accessing financial schemes.

The regulatory framework provides high-level alignment with PEN goals through the Flemish
and national climate plans and the Local Energy and Climate Pact. However, lack of energy
sharing legal frameworks, storage double grid taxation and lack of life-cycle carbon minimum
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requirements remain key bottlenecks. Existing tools enable local action but lack long-term
stability and coherence.

The physical context - the Waterschei garden city and Nieuw Texas housing estate - offers
an ideal testing ground for integrated renovation, combining heritage-sensitive private homes
with standardised social housing typologies.

Overall, Genk benefits from a supportive, but fragmented enabling framework - strong
municipal leadership and policy direction exist, but systemic progress depends on bridging
financial, regulatory and institutional gaps to scale neighbourhood-level renovation and energy
management.

Cultures

Genk’s cultural setting is shaped by its post-industrial :gacy, marked by the decline of
mining and manufacturing and the resulting socioecon' nic vulnerability of neighbourhoods
like Waterschei. The area faces limited financial c7 < v for renovation, making energy
transition efforts inseparable from broader social con :rns. i.. nultilingual and multicultural
composition requires inclusive, trust-based comraunication ta.. =d to different literacy and
language levels. At the same time, Waterschei’'s .rong sense of p.ace and heritage, rooted
in its mining history and garden city layout, fo .ers at’>chment and community cohesion
that can support collective action.

As such, the cultural context in Genk is characte. ~d by socially responsive renovation:
success depends on combining technical innova. -~ with trust-building, inclusion and
sensitivity to historical and cultural mec .

Networks

Genk’s energy transition is drive a stroi ' institutional network linking the municipality,
research actors and industry. ne ci -led GE Nkool coalition, created with EnergyVille and
EIT InnoEnergy, coordina’.s sta! .holdare ‘towards climate neutrality by 2050 and
complements oPEN Lab’s. ahbo' .iooa-scale work.

At the core of this ecosystem is . or Park, the former mining site transformed into a hub for
clean-tech innovation ... ‘s Ene Ville and the Open Thor Living Lab, which provide
advanced research zsting anc imulauon capacities directly supporting PEN development.

Genk’s well-estai. hed partners ps and shared infrastructure are major enablers for the
PEN. However, broac ~ing enc jement beyond institutional actors - especially to residents
and local SMEs - remainc  uc .i for long-term inclusiveness and replication.

4.5.2. oPEN Living Lab level

The oPEN Living Lab in Genk functions as an intermediary structure linking citywide climate
ambitions with practical experimentation at the neighbourhood scale. It provides a platform
where policy, technology and citizen engagement intersect, allowing the city and its partners
to test and refine approaches that can later inform the broader rollout of PENs. The Lab’s
strength lies in combining institutional coordination with real-life implementation in socially
diverse environments such as Waterschei and Nieuw Texas.

Organisational setup

The oPEN Lab in Genk is led by the City of Genk in partnership with EnergyVille, Thor Park
and the local social housing company. The municipality provides strategic direction and
coordinates local actors, while EnergyVille contributes research, modelling and monitoring
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capacity. The Lab operates within an existing ecosystem of innovation centred around Thor
Park, ensuring close alignment between policy goals and technical expertise.

The Lab’s structure reflects a policy-driven coordination model, leveraging research
partnerships for implementation, but still evolving towards stronger integration with community-
level actors and social housing operators.

Citizen engagement and co-creation

Resident participation in Genk’s oPEN Lab is tailored to a socially and linguistically diverse
population, using accessible communication tools, in-person meetings and collaboration with
local intermediaries. Engagement focuses on building trust, clarifying renovation processes
and ensuring minimal disruption to residents’ daily lives. Co-creation is supported through
surveys, interviews and heritage-focused dialogues that connect technical renovation goals
with community identity.

Engagement efforts in Genk show that inclusivenes and trust-building are crucial for
successful energy renovation in vulnerable areas, the .gri  :stained participation beyond the
project phase remains a challenge.

Technological solutions

The oPEN Lab introduces prefabricated ren« ;ation ' .ethods, energy monitoring tools and
building-integrated renewable energy and ei. 1y € iciency upgrades adapted to the local
housing stock. Pilot activities in Nieuw Texas :d Waterschei test scalable retrofitting
techniques compatible with social housing needs an..  =ritage requirements. Close links with
the Open Thor Living Lab allow real-!" . 'dation and ¢ ptimisation of these solutions.

As such, Genk’s approach shows hov tech .car ..inovation can serve social goals,
providing replicable models for low-disi n* un, high-impact renovation in mixed-tenure
neighbourhoods.

4.5.3. PEN level

At present, the PEN in Genk i ~ains in an early, formative stage, with only the first
organisational and te. ..cc. 'emei.. heginning to take shape. Rather than representing a
fully operational PE |, the Geri. -ase reflects an emerging ecosystem where lessons from
the oPEN Lab ans oroader city s ategies are gradually informing how such a neighbourhood
might function in | ctice. The ocus is therefore on identifying the building blocks -
institutional, social, fine. ial an technical - that could evolve into a coherent PEN model in
the coming years.

PEN vision

The emerging PEN vision in Genk is guided by the city’s broader climate neutrality target for
2050 and by the ambition to transform Waterschei and Nieuw Texas into demonstration
areas for socially inclusive, energy-efficient renovation. The approach prioritises deep
retrofitting of existing housing, low-disruption construction methods and local community
engagement rather than immediate energy positivity. The PEN vision in Genk is evolutionary,
focusing on building long-term capacity and frameworks that can later support full
neighbourhood-scale energy management.

Governance structure and model

Governance is currently municipality-led, with coordination anchored in the City of Genk and
supported by EnergyVille and the social housing company. Decision-making remains project-
based and tied to the oPEN Lab framework rather than a dedicated PEN governance entity.
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As such, the Genk PEN represents a transitional governance model - policy-driven and
institutionally strong but still lacking a permanent structure for neighbourhood-level
management and ownership.

Operational model

Operationally, the focus is on deep energy renovation of buildings, testing prefabricated
envelope systems and integrating monitoring tools to track energy performance. While these
interventions create the foundation for future energy sharing and management, no
autonomous or collective energy system is yet in place. As such, the Genk PEN is currently
technically preparatory, establishing the efficiency and data infrastructure necessary for
future energy-positive operation.

Financial model

Funding is largely project-based, combining EU public .unding with municipal and regional
renovation subsidies. Investments are fragmented ... ~s demonstration sites, with no
consolidated business model for long-term financial < .staina. *v or revenue generation at the
neighbourhood level. As such, the financial mode! ‘s grant-depc< “ent, highlighting the need
for future mechanisms that can aggregate inv stments and sus.ain neighbourhood-scale
operations beyond pilot funding.

Ownership model

Ownership structures reflect the mixed-tenure coni, =sition of the area - social housing is
publicly owned and managed, while p .. ®wellings re nain individually owned. No shared
asset ownership or cooperative arrange: 2nts ¢t .. exist, though the concept of collective
renovation governance is under discussi 1. / , such, the ownership model is diverse but
unintegrated, posing both challenges nd opportunities for developing collective
management structures alignec' .viu. tture P. M principles.

4.5.4. Emerging Ge 't/ /'ganisational PEN model

The Genk case studv ‘*des . " Genk is an example of a municipal-led integrated
innovation model. ne Gen:. nodel ilustrates how municipal leadership and research-
driven collabora’ on can adv. ce systemic innovation in a socially and economically
constrained conte.. 't demonstre :s that even without a dedicated legal framework or mature
energy-sharing mecha. »ms, cit’ s can lay the groundwork for PEN development by combining
pilot experimentation, inc. *» engagement and institutional alignment. Genk’s approach
bridges social policy, heritage preservation and technological renewal, making it a valuable
reference for other post-industrial, mid-sized cities aiming to pair social resilience with
energy transition.

In comparative terms, Genk aligns most closely with the policy-driven organisational
archetype and the dynamic systemic archetype. This positions it between top-down and
adaptive PEN models, providing a useful reference for cities that combine strong institutional
leadership with evolving market and community engagement. The key characteristics of this
emerging organisational PEN model include:

e Policy-driven coordination - The City of Genk plays a central role, steering the
transition through strategic alignment with regional climate goals and partnerships with
innovation and research actors.

64



e Strong institutional ecosystem - The PEN evolves within a robust local network built
around Thor Park, EnergyVille and the GEENkool coalition, linking research,
governance and implementation.

e Social inclusion as a guiding principle - The model prioritises engagement with
vulnerable and multicultural communities, focusing on accessible communication,
trust-building and low-disruption renovation methods.

e Technology as an enabler, not a driver - Prefabricated retrofits and data-based
monitoring are applied to improve living conditions and efficiency rather than to achieve
full autonomy or market-driven outcomes.

¢ Incremental evolution - The PEN remains in an emergent stage, progressing from
demonstration-led activities towards an integrated, neighbourhood-scale governance
and operational structure.

Steering factors

The development of the Genk PEN is strongly support: . = municipal leadership and long-
term political commitment to achieving climate ne: rality. = city has effectively mobilised
its institutional capacity, aligning local action with “roader Flen.. » and EU frameworks such
as LEKP and regional renovation strategies. C .aboration with i2search and innovation
partners, particularly EnergyVille and Thor P: «, prov'des a solid technical and knowledge
base that supports evidence-based decision aking 1d experimentation. At the same time,
Genk’s focus on social inclusion and hc ‘= o-sensitive renovation ensures that
technological progress is grounded in community 1. s and local identity, creating a socially
responsive model that integrates energ:* transition witri . :ality of life improvements.

Hindering factors

Despite these strengths, several challenges ntinue to constrain the full emergence of a PEN
in Genk. The absence of dedics .. _ »verna. ‘e and financing mechanisms limits the ability
to manage and sustain actit des b 'ond the project phase, while regulatory barriers -
particularly around energy iaring, - 1d taxation - hinder the creation of integrated
local energy systems. Cu. nt it .estments remain fragmented and grant-dependent,
preventing the establishment long-term, self-sustaining financial models. Additionally,
engagement beyond th “tutioric ~etwork remains limited; private actors and SMEs are
not yet fully integrat 4 and cic »n pai.cipation, though growing, lacks continuity and formal
structures. These f Ctors collecti :ly underscore the need for systemic reform and capacity
building to transi.. from pilot-di en innovation to a stable, scalable PEN governance model.

For a summary of the €. ~rgin organisational PEN model in Genk, see Figure 16 below.
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Context overview

Structures - renovation incentives exist but target
individual buildings, not neighbourhoods; regulatory
gaps (no legal energy-sharing, storage double taxation,
no lifecycle carbon rules); heritage requirements shape
retrofit methods.

Cultures - post-industrial vulnerability; diverse,
multilingual population; strong neighbourhood identity
in Waterschei; trust-building essential.

Networks — GEENkool coalition mobilises stalehg
Thor Park and EnergyVille provide research/i
capacity; need to expand participation to S
residents.

Pilot experimentation aligns wit
frameworks

Snapshot

Pilot neighbourhoods: Waterschel Garden City (heritage semi-detached
homes) and Nieuw Texas (1990s social housing).

Key actors: City of Genk, VITO, EnergyVllle, Stebo, Wonen in Limburg.
Technical focus: Prefabricated deep renovation, building-integrated RES,

energy monitori

Social context: Post-industrial, multilingual, socioeconomically vulnerable

population

efabricated retrofits, RES

egration, monitoring tools;

idation via Open Thor.

Emerging PEN features

PEN vision - evolutionary approach
focusing on deep renovation and
social inclusion.

vernance - municipality-led,
roject-based; no permanent PEN
governance entity yet.

Operational model - technical
groundwork for future energy
management; no collective system yet.

Financial model - strong reliance on
EU and regional grants.
Ownership model - mixed tenure; no

shared ownership mechanisms at
present.

Hindering factors

No legal basis for energy sharing; tax barriers for storage.
Grant dependency; fragmented financing.
Limited SME and resident integration beyond pilots.

J oPEN Lab

Figure 15: Emerging organisational PEN model in Genk. Source: authors.
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5.Pamplona case study

5.1. Overview of Pamplona oPEN Living Lab

Figure 16: oPEN Lab Pamplona neighbourh: ,d: San Pedro Neiyhbourhood (left), La
Compasion Escolapios School (right’ Source Living Lab Pamplona [50].

S S g = L. <

Figure 17: IWER . ~plex (curren y inactive in the project). Source: oPEN Lab Pamplona [51].

Location
Rochapea district, Pamplona, Spain.
Introduction

The oPEN Lab activities in Pamplona, Northern Spain are carried out in the Rochapea district
with around 26,000 residents. The Rochapea district is known for being a working-class area
from the 1940s — industrial elements can be found in the neighbourhood’s architecture.
Specifically, Living Lab tackles challenges connected to the Renovation Wave, by developing
innovative approaches to building renovations and energy solutions, which will contribute to
decarbonisation efforts. Additionally, reducing energy poverty (poverty rate is around 11.3% in
Rochapea) through oPEN Lab solutions will contribute to increased social cohesion in the
area. [4] [52]
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More precisely, the Living Lab in Pamplona is comprised of two pilot sites: it will exploit the
potential of renewable energy production, enhance the attainment of environmental objectives
and increase energy autonomy by targeting renovations in the energy domain within the La
Compasion Escolapios school (self-ownership) as well as in two housing blocks in the San
Pedro social housing complex (owned by Pamplona City Council), creating virtual energy
linkages between them. [50] In addition, the project initially included a third pilot site of the
former industrial complex IWER in the project proposal, which has also been used throughout
the project for various valuable activities; unfortunately, for various reasons, the complex
ultimately had to be left out of the project as a demonstration site. All three sites, especially the
school, have high visibility, which is valuable for demonstrating them as examples for raising
awareness, while engaging and activating the community as part of the process.

Key facts and figures [52] [50]

e The population of Pamplona is around 211,000 * nabitants, while Rochapea district,
where the oPEN Living Lab is located, has a pc  'ation of about 26,000 residents.

e Pamplona is the capital of the Autonomous C .nmu. *of Navarre [53].

¢ Rochapea is one of the most densely pop:lated distric. ~f Pamplona as well as one
of the more vulnerable sites in the Navarr: .egion, as the pc erty rate is around 11.3%

o The Pamplona Living Lab has carried o project activities in three pilot sites: two social

housing blocks in San Pedro site anc  buildi j of La Compasion Escolapios School

complex

o San Pedro site with a total of 42 bu. 'ings with 235 apartments (60 m? each),
which have been last ret=ofitted in 1985.

o La Compasion Escola, 'os . = ~! dates originally to the mid-20" century,
with the selected building . 2ing © .deu « the complex in 2011. The school has
around 900 students.

o The IWER buildine * ~onside. d to be a district landmark. The former industrial
complex compr’ es nu 1erous . ildings with a total surface area of 33,999 m?
and currently ' osts a ¢ verse mix of businesses, office spaces and conference
rooms, amc  other:

The Pamplona Living . “ enovations aim to contribute around 1,880 m? to nearly
Zero Energy Brilding (N. "8) standards, directly benefiting over 1,000 users in the
pilot buildings
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. housing block, 12
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ona oPEN Lab overview. Source: authors.

5.2. Pamplona oPEN Living Lab context

This chapter provides contextual insight into Pamplona's oPEN Lab neighbourhood by
examining the underlying structures, cultures, and networks. The aim is to lay the
groundwork for understanding how local contexts shape the organisational models of PENSs.
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Il Living
Lab level

Figure 19: Chapter 5.2 explores the context level in Pamplona. Source: authors.

5.2.1. Structures

This sub-chapter explores the structural conditions sk ~ing each oPEN Lab neighbourhood,
focusing on their economic settings, regulatory frar :wc s and physical characteristics.
Understanding these foundational aspects helps cxplain « oractical opportunities and
constraints faced in implementing and scaling PE" s.

Economic setting'®

Stemming from the European EPBD, for non-. =id tial buildings it is required to submit a
National Building Renovation Plan (NBRP) to ac ~re to the minimum energy performance
standards, while for residential buildinos. the 2024 £. ™D recast dictates the need to set a
national trajectory to reach a 16% redu. 'vi. = ~mary energy consumption by 2030 and up to
22% by 2035. [10]

In Pamplona, NZEB standards are in place * r new buildings and major renovations, setting
requirements for energy perforr ...  '52]. He ‘ever, there is a missing framework of public
incentives to go beyond the 2 mini iumreq rements and reach energy-positive levels.
This is to be considered a b’ .dering = dition to PEN rollout in the Pamplona context.

That is why the interventions . * ¢ Pamplona Living Lab regarding support for renovations
show a clear step from huciness ¢ t1sual, reflecting a positive impact. Specifically, efforts to
reach NZEB stand- us rnca beeri nade by the national government, by creating the
framework for multi e incentive rogrammes co-financed by NextGenerationEU through the
Plan for Housi. ' Renovatior and Urban Regeneration. Therefore, renovations are
supported by subsia..  aligning = ith Spain's Long-Term Renovation Strategy (LTRS) and the
national energy and cli. ‘=2 p' 1 (Plan Nacional Integrado de Energia y Clima). Under this
framework, an influential -entive programme is the Programa de Rehabilitacion
Energetica de Edificios, which has a budget of 300 million euros: under this programme,
action by individuals and communities as well those with Citizen Energy Committees,
Renewable Energy Committees (RECs) or those impacted by energy poverty are supported
through encouraging energy renovations (at least 40,000 buildings), increasing energy
efficiency by improving the building envelope. This programme is related to the Royal Decree
Law 15/2018, determining the fiscal measures around energy efficiency and the integration of
renewables. [52]

Regarding financial barriers and energy poverty, the EPBD obliged Member States by detailing
public policy measures on ways to reduce the impact of renovations and upfront costs for
vulnerable households. More specifically, to support social fairness in this case, the EPBD

8 For more information about the market conditions and economic instruments relevant to Pamplona’s
PEN development, please refer to the oPEN Lab report Towards a regulatory framework for positive
energy neighbourhoods, Spain (2024). [52]
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dictates proactive support mechanisms for a more affordable transition towards
improving energy performance. These measures include highlighting the importance of
focusing renovation policies on the worst-performing buildings to mitigate the impacts of
energy poverty, stating that financial support should also be first and foremost offered to those
in a situation of energy poverty and taking the vulnerability of certain households into account
when implementing penalties for non-compliance. [54] While it is positive that addressing
vulnerability and reducing energy poverty are the focal points of renovation regulations, it is
nevertheless clear that mitigating financial barriers remains the task for individual Member
States through a national policy framework, which makes vulnerable households dependent
on such frameworks. [52]

Regulatory setting

On the national level, under Spain’s Espafa 2050 framew rk, there is a commitment to 2050
carbon neutrality goals, detailed in the chapter Sustaina! ity and Climate Change, and under
Law 7/2021, this goal was ingrained into the Spanish lec  ‘ramework, making the target legally
binding. Regarding the importance for the develc -me. of PENs, this law should be
considered a central element, given that it details ine use ¢, nilding materials with a low
carbon footprint, stresses the importance of acce sibility as well o the use of renewables in
renovations, among other relevant aspects, su' 1 as zero-emission heating/cooling systems
and EV parking space policies. In addition, Tk Long-" .rm Renovation Strategy (ELP 2050)
highlights the importance of consumer and de. nd .ide management, which is essential for
the development of PENSs: flexibility regarding ac  ~nd allows for the maximisation of self-
consumption on the level of the neiahbourhood < * providing flexibility regarding the
consumption, production and storage ¢ «c.. -~ Crucially, to further support the creation of
energy communities, Spain attemptea » ratift .. . uyal Decree-law 7/2025 in June 2025,
which would have increased the range of s. “-c asumption from two km to five km and allowing
increased sharing of energy. How~er, this = .cree was non-validated and thus the range for
self-consumption remains t o ki in Spc . ELP 2050 also details the use of thermal
renewables, reduction of der .nd anc the elect.fication of heat. [52]

Further, and importantly foi  ~ de :iopment of PENs, the National Integrated Energy and
Climate Plan 2021-2030 increc s solar energy targets to exceed 76 GW (previously, the
target was 37 GW) an< "= the ric ~nal share of renewable energy at 48%, while reducing
final energy demand y44% (. mparec to the demand levels in 1990). Additionally, promoting
the Energy Storac Strategy ar.  demand flexibility are also important measures in PNIEC
regarding PENs, <. "he focus oni 2 neighbourhood level is highlighted in the policy. The 2021
Road Map for Self-C. =umptic | to Improve Self-Consumption and Citizen Participation
central ideas were also rc 2te  within the National Integrated Energy and Climate Plan. [52]

On the regional level, regional governments are the policymakers regarding the areas of
housing and urban planning, as well as making available national public funds to users, per
the Spanish Constitution — therefore, these competencies are also in the domain of the
Navarre region. Navarre has prepared the Energy Plan of Navarre, which sets objectives
regarding energy transition and the creation of a regional energy agency — for energy-related
goals, the plan includes financial instruments to work on the Navarre energy sector.
Specifically, the focus is on increasing wind and solar energy capacity, with the overall
renewable energy being planned to increase from its current share of 25% to 50% by 2030.
The plan also includes efforts to reduce energy consumption and increase the share of
renewable electricity to 100% by 2030. However, as a crucial element, around 88% of these

9 For more information about the regulatory frameworks relevant to Pamplona’s PEN development,
please refer to the oPEN Lab report Towards a regulatory framework for positive energy
neighbourhoods, Spain (2024). [52]
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funds is expected to be sourced from private funding, including consumers and companies.
Navarre region’s Foral Law on Climate Change and Energy Transition sets the goal of
reducing greenhouse gas emissions by 23% (compared to 1990 levels) by 2030. [52]

On the local level, Pamplona municipality is regulated by its own 2030 Energy Transition and
Climate Change Strategy for Pamplona (SECAP), which sets ambitious goals. At the centre
of this framework is the focus on the rehabilitation of roofs and facades of 60% of buildings
built before 1979 (30,274 dwellings) — these are buildings built before the framework on energy
regulation came into existence. In general, SECAP’s objectives are to mitigate the impact of
climate change, eradicate energy poverty and guide a just energy transition. Pamplona has
also set the objective of increasing the production of renewable energy by 37%, increasing
energy efficiency by 39%, reducing the emissions of CO2 by 64% (by the year 2030, compared
to the levels of 1990) — it is possible that regarding these goals, PENs can have a positive
impact in supporting their attainment in Pamplona. [52]

Physical setting

Two distinct pilot sites have been chosen iri the Rc. 2pea district, Pamplona for
implementing the PEN solutions of oPEN Lab proi ct.

The first of the pilot sites is within the San Ped: . Grou:: buildings (owned by Pamplona City
Council), which comprise 42 buildings with a* al of 27 , social housing apartments, each with
an area of around 60 m? (pre-renovation). Foror ™! ib activities in San Pedro, two buildings
with 12 apartments are subject to renovations, . Aacting the living spaces of 24 residents.
These buildings were built in 1948 and mnst recently (. -0PEN Lab interventions) retrofitted
in 1985. Thus, minimum energy requirc Meii. ~nt met on site and energy is bought from
suppliers. More precisely, the energy p. form .nce cf the housing blocks was deficient
(250-350 kWh/m?), [3][52] and according » e Energy Performance Certificate (EPC), the
building falls under category E. "7 One ot e challenges regarding renovations was taking
into consideration the facade « :sthe : presei »tion of the neighbourhood as well as interior
surface requirements.

The second selected site i« > b iding of La Compasién Escolapios School complex,
specifically one of its more receri.  ildings from 2011, which includes a sports hall, classrooms
and teachers’ offices. ... v offei. : both primary and secondary education to around 900
students. The buildi* 4 has a . 'mal envelope with adequate insulation, but lacks sufficient
technological bu' Jding manag. nent systems, such as a double flux ventilation with heat
recovery, making .. nlobal ener y performance unsatisfactory. Added to this, the heating is
gas dependent. To ¢ Jually iiminate these shortcomings and decrease the negative
environmental impacts as . "' .s reach climate neutrality by 2050, the school has prepared a
medium-term plan. [50]

5.2.2. Cultures
Social profiles

The Rochapea neighbourhood has over 26,000 residents. Regarding more specific social
profiles, most residents in the social housing dwellings of San Pedro complex are refugees,
immigrants or low-income elderly residents, disabled citizens along with their
caregivers, who are at risk of social exclusion. This is to be placed in the wider context that
the poverty rate in the Rochapea neighbourhood is around 11.3% — regarding this, one of the
objectives of the Living Lab in Pamplona is to attract different social profiles to reside in the
area. [3] [55]
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On the other hand, La Compasion Escolapios School is an educational space for students and
a professional environment for teachers from the various parts of Pamplona, while most
students come from the Rochapea district [50]. Therefore, while the most direct stakeholders
include the students and the employees, impact of oPEN Lab initiatives in Pamplona are also
carried more broadly to the students’ families, for instance.

Regarding these demographics of Pamplona, some of the broader community-related
objectives of the Living Lab are to boost local economic activity by introducing
employment and business opportunities related to renewable energy and energy
renovation in the area. This would improve the overall living conditions in Pamplona, while
also increasing the welfare and energy autonomy of the Rochapea neighbourhood. Another
aspect of the Living Lab in Pamplona is the creation of the PEN office (one-stop shop), which
carries out dissemination activities as well as encourages and assists the implementation of
local projects and initiatives. Several other citizen engac ment approaches offer additional
empowerment and engagement opportunities to local st .eholders. [3]

Collective citizen engagement

More precisely, stakeholder and local resident emr werment anu . ~lusion are important parts
of the Living Lab model in Rochapea. A bottom .p strategy is being pursued, in which local
agents play an active role in the district's tran .ion. Te .his end, a district council has been
created, made up of local collectives, where , ~iecte .an be presented and redefined to best
suit the district's needs. This council serves asa . .etween the ecosystem of neighbourhood
agents and the core group of the living lab. At . same time, there are a number of
“ambassador” agents who promote i =~ far new pro;. cts, act as trusted local players and
serve as a link between citizens and ott. r locai "~lders.

The district council, the inclusion of the a. b ssadors as well as the PEN office have been
positive initiatives, offering infli: “al resu. : with the support of ambassadors, different
working groups with a specif . stee ng groc » emerged. For example, one of such groups
worked towards the creation i Roch pe=’s firsi renewable energy community, offering also
insight into creating similar  ~mmu ..es i r amplona more widely. [2] Another one has been
defined to promote digital toc. * it enable the sharing of district perception, needs detected
as well as urban behaviotir nattei.  ‘such as local mobility). This is data which helps to get a
better understanding . ine ¢ ‘rict ai.  provides the basis or collaborative proposals for new
projects to be carric J out in the 'istrict. A further working group has been created to assess
the neighbourhe Ad's bird pop lation, look for solutions to restore it as well as create
guidelines to assist . "~y and de sion makers. On the other hand, there are also macro-level
challenges regarding . = Liv. g Lab in Pamplona and the associated citizen activities,
especially related to long-tc  continuity and economic sustainability without having to fully
depend on national or European-level subsidised projects.

Further, La Compasién Escolapios School strives to have multilevel impact with its Living
Lab activities, in addition to the strategic energy efficiency modifications. The school aims to
support community creation, promote sustainable mobility and behaviour as well as create a
wider learning programme, which would include topics such as sustainability and climate
change, collective planning, gender equality, collaborative and multi-level work and sense of
belonging among other valuable subjects. This should also act as a basis for replication
activities of the project, through encouragement for other similar establishments. Furthermore,
as a trusted agent, the school has access to a large part of the population (students, school
staff and families), serving as a highly significant channel of dissemination and engagement.
Therefore, the school is an active player and promoter of ideas for projects to be implemented
in the district that will contribute to its transition towards a positive energy neighbourhood,
playing a dynamic role in the steering and working groups.
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Community activation and involvement, as well as co-creation and education have thus
guided the project’s activities in Pamplona, fostering a community-centric approach, shaping
the details around the envisioned project solutions and thereby ensuring that the outcomes
clearly reflect the local needs and interests, while also ensuring a citizen-based continuity of
the PEN development after the oPEN Lab project.

5.2.3. Networks

Environmental and sustainability efforts as well as energy efficiency initiatives can be observed
through local collaborative practices across the Navarre region — reflecting that such initiatives
are not limited to just the oPEN Lab project, but dynamic approaches can also be seen
among local actors, companies, coalitions and community aroups more broadly.

The industry and public authority network and collabe ition can be seen through several
initiatives. Firstly, Capital Energy has implemente Territories project, focusing on
renewable energy and infrastructure developme . in veral Navarre municipalities.
Specifically, the development of the Joluga winc farm is an  ample of Capital Energy’s
activities in local communities, to invest in green tiatives [56]. Ariuther strategic partnership
between the government and industry is the T :d Elé~trica (electricity system company)
and the Government of Navarre Partnersh® has bc .n created to promote Navarre region’s
ecological transformation, where the central rc. i< on renewable energy. Specifically, Red
Eléctrica has committed to investing in the region'= ~ergy transition, which will contribute to
the supply of electricity and the develrnment of the . ctricity grid, but also have a wider

positive impact on the economic and s. ~1ai .. '=~ment of the Navarre region through more
employment opportunities and an increa. » in t+ » ecui.omic competitiveness of Navarre. [57]
CENER's board of trustees is made i the Government of Navarra, the Central

Government, through the Ministric ~f Econc v and Competitiveness, and of Industry, Energy
and Tourism, and the Cent: for nergy, nvironmental and Technological Research.
Specialised in applied resear 1 and t' 2 develonment and promotion of renewable energy, it is
active worldwide in six ar¢ =~ of w' ... winu, solar thermal and solar photovoltaic, biomass,
building energy and renewabic = rgy grid integration.

There are also multipl= ... "raesfoc ing on research, education and innovation at the Public
University of Navarr: rorinsta. =, the Arrosadia campus of the Public University of Navarre
(UPNA) has beer ansformed ii » the UPNA Green Smart & Sustainable Campus, through
funding from EU Nc “Seneration nds. Specifically, the objective is to make the campus more
sustainable, by reduci.  its enc gy consumption from non-renewables by 30%. This goal is
achieved by introducing « ' ¢ arging points and PV panels, with energy storage systems
coming to use as well. [58] Ccnnected to this project is also the NAIR Center, which provides
Al solutions to the PV energy system and energy storage system, to predict energy production.
[59] Finally, the Institute of Smart Cities (ISC) at the Public University of Navarra (UPNA)
focuses on the research, design and implementation of smart environments. Importantly, the
institute is a collaboration between 7 departments at UPNA, ensuring a comprehensive and
innovative view and analysis of projects. Specific areas of research include energy, resource
management, sensors and communication management in urban areas, which impact the
social, strategic as well as the technological levels. Such activities play an important role in the
development of low-energy districts and sustainable urban environments. [60]

Industry and academia collaborative networks can also be seen in the University of Navarra,
as it collaborates with the Repsol foundation to explore and research the impact of green
hydrogen in the energy transition. Public awareness and education on this matter is achieved
through public events, publicising developments, as well as educational programmes focusing
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on hydrogen technologies. This collaborative initiative was created to highlight the impact and
role of the companies in decarbonisation. [61]

NASUVINSA is a public company of the Government of Navarre whose main purpose is the
promotion of land and public housing. It also collaborates with local, regional, national and
international organisations and networks to develop and coordinate, among other activities,
transformation projects such as Low-carbon Districts and New European Bauhaus [62].

Finally, an important network is between different companies themselves. The non-profit
Enercluster — Navarra Renewable Energy Cluster gathers around 85 companies working in
the renewable energy sector of Navarre, to induce collaboration, innovation and growth of the
renewables sector. For more concrete approaches, Enercluster uses working groups, which
focus on specific issues to derive solutions, initiatives and policies. [63]

Therefore, there are several networks (non-exhaustive list ithin this overview section) working
actively in the energy transformation and green tr 1sition domain around Pamplona,
specifically on the level of the Navarre region, cor .nm. * the continuous commitment to
environmental goals and the general interest in de cloping ‘s area of action further. The
oPEN Living Lab with its engagement of local citiz¢ s fits into the = ‘sting networks by offering
further insight and points of view on the local ley .

5.3. oPEN Living Lab Pamplo.

This chapter explores how the Pamplc - . 7' “2s been organised and implemented through
a Living Lab approach that brings tc¢ sther uJc... private and civic actors in a shared
governance structure. It also present. tk  technical solutions demonstrated in the
neighbourhood, highlighting the r~novatior. trategies, energy technologies and integrated
systems that make up the core .i Fc plona’s nergy-positive transformation.

Figure 20: Chapter 5.3 e <plores the Living Lab level in Pamplona. Source: authors.

5.3.1. Organisation

The Living Lab in Pamplona, which is focused on the Rochapea district, aims to implement
one of the first PENs in Spain. The overarching goal of the oPEN Living Lab in Pamplona is
the development of a novel urban energy model, with opportunities for replication and
scalability. Additionally, the Living Lab in Pamplona serves several objectives to encourage
economic development and opportunities in the Rochapea district through supporting the
creation of additional employment and business opportunities in the domain of (renewable)
energy and deep energy renovations. Therefore, the activities of the Pamplona Living Lab
support the increased welfare as well as the living and economic conditions in the Rochapea
district. [3]
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Regarding the partners working on the successful development and implementation of the
Pamplona Living Lab, the main partners are the following:

e Pamplona City Council and the University of the Basque Country (UPV/EHU) form
the core group of the Living Lab and, therefore, of the PEN development. The city
council manages the project at a global level and the UPV/EHU is responsible for social
innovation and monitoring issues [64].

o AH Asociados (architectural firm), CENER (national energy research centre),
OBENASA (constructor originally associated with IWER) and la Compasion
Escolapios school are or have been part of the group of experts who support the core
group in strategic and operation decision-making and managing the daily activities of
the project (design, construction, operation, replication, evaluation of the PEN in
Pamplona). [51]

e La Compasion Escolapios School and the Ci , Council act as the owners of the
two pilot sites of the Pamplona Living Lab, malk  them important decisionmakers for
developing and implementing oPEN Lab solv” uons 1ii=2m.

Other key agents that have been defined during t* . project are:

¢ Neighbourhood council: as the forr .| wher the neighbourhood's ecosystem of
agents is represented and as part of & arou: of experts that support operational and
strategic decision-making for the neighbc ' Jod.

¢ A number of local agents who act as intermc ‘aries (or so-called local ambassadors)
between the neighbourhood an "~ araanisatio. . that coordinate each project in the
neighbourhood. At the time ot he sw. = ' =ce were mainly: trade associations
(dissemination, advice and pa. cips on), the four schools (project creation,
dissemination, awareness-raising,  .ining and participation), renewable energy
communities as Arrot . _ ‘particiy tion and advice), cooperatives as Landare
(dissemination, advic: and articipat. 1) and some citizens (project proposals,
dissemination, advic and pes = )

There are additional actors < ~ oles, divided into specific actionable categories to (1)
ensure the full integratinn of tecii. 'ngical solutions, which would be adaptable to end-user
needs while also beir , able . ‘mpac. ser behaviour, (2) ensure maximum alignment of the
expected oPEN L7 solutions « d stakeholder needs, (3) provide affordable energy to the
related stakehold. -~ (4) explore 2w revenue streams and client bases [1], and (5) create an
active and engaged ¢ mmunity « ipable of pursuing further initiatives to transform the district
into a PED:

Policymaking

¢ Municipal Energy Agency officials of Pamplona City Council
e Social housing administration of San Pedro housing complex
e Legal department (Strategic Office)

¢ Citizen engagement groups (district council)

Economy

e Energy suppliers
e Distribution system operators (DSO): Iberdrola
e ED engineering (design)
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Societal capacity

e Residents of the San Pedro housing complex

e UPV/EHU has the role of supporting co-creation and social activities with local
stakeholders, along with providing technological solutions (such as the digital twin,
building information model, activities related to thermal energy) [51] [3]

e Merchants’ association

e Schools

e Landare (a non-profit focused on the responsible consumption of organic goods)

e District Council

o Renewable energy community Arrotxak

o KarKarKar (non-profit consumer cooperative focused on mobility services and products
to accelerate the transition towards sustainable me lity)

Technology

o BCARE: [65] technology solution provider

e CENER: [66] technology Energy Manager :nt System sup, ‘er, photovoltaic solar
technology supplier

¢ National Reference Centre for Renew: .le Ene jy and Energy Efficiency

Furthermore, Pamplona local government, p. ° and private financiers as well as
subcontractors support the local activities of oPEN Lc

Stakeholder engagement

Stakeholder engagement in Pamplona inc. de different objectives, such as gaining a deeper
understanding of the local cornt->* awarc ess-raising, creating and activating the local
community, enhancing the se se ¢ Helongi. ' as well as specific co-design activities, for
maximum input on social anc .echnic  aspects (40] and to last over time. The community and
local stakeholders of Pam; na ha: = ouceii iapped based on the idea of a quadruple-helix
community, which includes = - .emia, industry, civil society and the government. More
specific stakeholders und=reach ¢ ~gory are detailed in chapter 5.4.2 Governance structures
and models.

From the initial st- es of the proj :t, stakeholder engagement offered valuable insight for
the project. An acu. nlan was .rmulated to ensure the most extensive and wide-ranging
engagement activities, hich ' cluded a stakeholder's mapping canvas, and a strategic
roadmap of actions to be ii._ © imented. Further, a co-design strategy related to six thematic
areas carried out within the Rochapea district ensured that feedback and input was gathered
regarding the renovation and building technology aspects for PEN [40]. Within this strategy,
specific actions have been conducted to engage the local actors:

1. Co-creation activities regarding San Pedro and IWER Square. Regarding San
Pedro, a workshop was conducted with people with the same profile as the expected
future residents of the San Pedro pilot building (elderly people living in social housing)
regarding their expectations for renovations, with input for design (colours, materials,
for instance) gathered through a VR (virtual reality) solution. The collaboration and
input of elderly residents was important for designing an inclusive and adapted
indoor space, even if currently, the residents in newly renovated buildings are not
elderly people. As part of future activities in IWER a new public square will be built, and
the conception for it was opened to codesign activities with citizens. This has served
as a starting point for building closer ties with local stakeholders and was a first step
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towards creating an active local community that will support actions aimed at moving
the district towards becoming a PEN.

2. Participatory actions in the district through art: la Compasién Escolapios School
along with three other neighbourhood schools (Rochapea, Cardenal llundain and Patxi
Larrainzar), local stakeholders, the business association and members of the
community have actively participated in co-creation activities such as collaborative
neighbourhood murals and the associated participatory painting to create and activate
the community, get to know the neighbourhood, reflect on it (what it has been, what it
is and what we want it to be), strengthen the sense of belonging, raise awareness on
the need for change towards a more sustainable and self-sufficient district, and provide
training on possible solutions through artistic expression. [67]

3. Training and raising awareness actions. The Environmental Education Museum has
organised various activities with schools and citize s to analyse energy consumption
and the solutions that could be implemented Both in terms of technology and
behaviour, in an attempt to define a realistic ro- ... » of small changes to be adopted.
There are also training sessions plann: . for  “ure residents to ensure a
comprehensive understanding of the tec' nical aspecic Tenant companies added
additional insight.

4. Implementation of Geographic Infor .ation ¢ ystem tools to know the situation of
the neighbourhood through an intere. e m _ application where local stakeholders
can provide input based on their perceptic = mobility behaviour, energy consumption,
comfort level, mobility district needs, etc.). .. ~ddition, a 3D viewer has also been
developed with the aim to dissc .. *~ all the eric. gy related activities that have been
or are being implemented in the = ‘strict.

5. Promotion of new projects in he .strict such as Txio Txio (recovery of the
neighbourhood's bird popt!!ation), n. green place (promotion of the interactive maps
and collaborative mural: anc ERSIL (to gain a deeper understanding of how socio-
economic, socio-cultu .l, and = cio-polii cal factors influence the development of PENs
and their interconn: tions v . .__.. Jlogical, regulatory, and investment aspects in
different geographicai, !t ‘al and economic contexts).

6. Supporting the creatioi. f energy communities conducting various training and
support works' _ps .. *he Ko ~ steering group, both during its creation (definition of
the statutes’ ind in its s. sequent development.

Further, the oPEN . ‘ngLabin P mnplona reflects the importance and value of engaging with
local stakeholders bc  Adurinc and beyond the project’s duration, as well as within other
energy-efficiency and ene._ © roduction related projects. For this, a local PEN office (an
energy management office) rias been created for increasing the local understanding of the
need to reduce energy consumption — which can be done through deep renovations —, while
explaining the benefits of producing energy on a local scale. The PEN office increases the
communication with local stakeholders, promoting and assisting with carrying out local energy-
related projects, while ensuring collaboration in future aspects of the Pamplona Living Lab.
More specifically, the PEN office supports Rochapea residents in understanding the subsidies
in place for energy retrofitting as well as their contracts — the energy management office has
had a positive impact on the overall uptake of the project in Rochapea. [2]

In addition, the district council is expected to play a key role in the district both as a consultant
(local expert) and as a catalyst and promoter of new projects/ideas to be developed in the
district [3]. Working groups and a steering group as well as local ambassadors also create
links between insights from the community and project activities. It is also considered that the
local energy community could play an important role in the district, not only as a prosumer
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(production and consumption of local sustainable energy), but also as a promoter of new
projects (shared mobility, collective building renovation, etc.).

While the city of Pamplona aims to manage Living Lab initiatives beyond the duration and
framework of the oPEN Lab project, there are some challenges identified related to long-term
continuity, the long-term engagement of local stakeholders, the involvement of industry
stakeholders in living lab activities, and sustainable business model.

While it can be complex to effectively include the needs of citizens in developed solutions,
stakeholder engagement is invaluable in oPEN Living Lab Pamplona. Thus overall, the impact
and organisation of stakeholder engagement is positive in Pamplona, due to the proficiency of
the partners (UPV/EHU, AH Asociados, OBENASA, CENER, Pamplona City Council) as well
as innovative techniques used during co-creation processes (such as VR solutions, interactive
maps, etc). The inclusion of local citizens increases cit’ 2=n empowerment as well as the
broader acceptance of the project, given that they have 7 . impact as co-owners in the project.
Further, co-creation ensures the value of developed so' .. s for the end users, given that they
have been adapted considering local needs and ave <« 'nsitive impact on the energy
consumption locally, which is the basis of an enerc efficient cu. nunity. [3]

5.3.2. Technological solutions?® 2!

The PEN solution of oPEN Lab in Pamplona is amc the first of its kind in Spain. Specific for
the PEN solution in Pamplona are its t~o currently <. ‘‘ve pilot sites — San Pedro and La
Compasion Escolapios School — whici. are .. ~ambined to create a PEN and monitored
by a single virtual system. More precis 'v, W' iie tic two pilot sites will still be operating
independently (as the ‘day ahead matching =* ategy’ is used for the virtual energy market), a
virtual energy balance will be <’ 1 betwe 0 the sites. [1] The creation of a combined PEN
follows the regulatory framewr K, ast 2 sites ¢ ‘he energy community members are less than
two km away from one anot er (adh rina *~ m~gulations of 2022, setting the limit to two km).
Here, the main energy coc. natic oetween buildings that applies is regulated by the self-
consumption regulatory fran.. rk with compensation mechanisms (RD 244/2019) and
energy opportunity sch- for vie. 2l power flows.

In the two pilot site. (San Pedrc »uildings and La Compasién Escolapios school), the scope
of the technica' nterventions 'argets renewable energy production and storage while
simultaneously incoi. ating ene gy efficiency measures.

Regarding the San Peu. ouilding, the Pamplona City Council has undertaken a
comprehensive renovation of two buildings (in total 12 apartments), applying the highest
architectural and technical standards with the aim of transforming them into positive-energy
buildings. Among the solutions implemented, it is worth highlighting the lightweight roof
renovation solution, comprising thermal insulation and integrated photovoltaics (BIPVs), which
are capable of generating 73 MWh of clean energy annually. Furthermore, an innovative high-
performance industrialised fagade renovation solution, which includes vacuum insulation
panels was successfully demonstrated, and it is the first case of the panels used for this
purpose in Spain, as for the use and scale. Finally, an advanced Energy Management System

20 For more information about the technological solutions, please refer to the oPEN Lab Report on
demonstrated technologies at building and neighbourhood level in three demonstration areas (2025)
[40].

21 For more information about the data collection, design and prefabrication processes, please refer to
the oPEN Lab report Optimization of the prefabrication process through digitalization (2023) [89].
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(EMS) will optimise and coordinate operation of all energy assets and interoperate with the
Building Management System and two Human Machine Interfaces (HMI), one per apartment
building.

In the case of La Compasién Escolapios School demo building, technical interventions
will comprise the installation of up-to-date available technologies and managing them with
advanced controls and innovative algorithms to optimise the use of local renewable energy,
increasing energy self-sufficiency and an annual positive energy balance with regard to
energy boundaries of the incipient PEN. Among the solutions to be implemented, it is worth
highlighting the installation of PV panels with integration of heat harvesting BIPV, the
installation of a double flux ventilation system with heat recovery from BIPV panels to lower
heating and cooling demand, the installation of two 49 kW low global warming potential (GWP)
heat pumps in substitution to gas boilers, the implemenr‘ation of an EMS/HMI and virtual
interoperation with the San Pedro building in a joint PE . operation, laser scanning for fast
development of a building information model (BIM) for t*  renovation process and operational
phase, and a digital twin for EMS/HMI.

Within the scope of oPEN Living Lab in Par .lona, severa. “roader key innovative
approaches are planned:

¢ Maximising end-user engagement in . ~implc .ientation of oPEN Lab solutions.

e Encouraging new business and econc. = opportunities, specifically in the deep
renovation and energy-related domains.

e Alignment with climate goalsis = = ‘2nad, whicri .1cludes life cycle assessments from
the beginning of the projecttorec. habu- . tion in embedded energy, a 70% GHG
emissions reduction by end of the | -oje ., aiming for zero emissions by 2030.

e Using advanced digital mathods, = jarding design, industrial manufacturing and
renovation/construction thic 5 done . s0 to optimise time, environmental impact and

costs.
e Creation of at least e rene Juic ciicrgy community.
¢ 100 kW photovoltaic 1. '~ ation at the local Patxi Larrainzar school, with 80% of the

energy being mar=aed by . "2newable energy community — both initiatives have been
supported by e oFL. 'abpi. act.

e Other techr .al solutions »clude the creation of digital twins, operational strategies of
energy me. 2aementasw |l as investing in BIPV. [4]

A variety of digital a.. ' tect .ical resources were used to support oPEN Living Lab
development and activities. amplona:

e BIM was used for technical design, and for its successful use, the municipality changed
its system to REVIT for cohesion.

e 3D and drone scanning supported gathering the data necessary for constructing
BIMs.

o Prefabrication and optimised digital renovation workflow were partly used for the
San Pedro building, specifically walls including vacuum insulation panels.

e VR (virtual reality) solutions were used for co-creation of interior design activities.

e Development of digital tools (interactive maps and 3D viewer) for district data
collection, dissemination and engagement purposes. [16]

The renovations of the San Pedro social flats were finished at the end of 2024 [40] and first
residents have moved in.
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Figure 21: Renovated San Pedro Building. S¢ rce: Maria Azkarate [68].

San Pedro 11 & 12: Energy Consumption per dwelling ' (kWhlho\ hold) Prior Project Save

o 12000 7 Heating 6490 1.006 84%
% 1000 = — DHW 1713 94 41%
g 800 wHomg' pliances | £ oking 506 506 0%
E smo - " L::g  Cooling 05 25 0%
o 4000 . Cooking iahting 176 176 0%
g 2000 Ho:.  appliances 1.885 1.885 0%
® - jteating ~ indby 28 238 0%
R i, | TOTAL 11233 4949  56%

Figure 22: Comparison of e .ected ' inual ene.gy consumption per dwelling measured pre-
renovation and expected emand __. ._.. ,ation in San Pedro. Source: Kalms et al. [40].

5.4. Movi .g t¢. ards in organisational PEN model in
Pamplec ia

This chapter explore. ‘he pote .al organisational models for a future Pamplona PEN,
drawing on lessons leari:. ' fre 1 the oPEN Living Lab in Pamplona. While a PEN is not yet
established in the city, the dis. ussion outlines possible approaches to governance, operations,
financing and ownership that could support long-term sustainability. Based on insights from
local experiences and stakeholder interactions, the proposed framework represents an
informed, assumption-based projection of how a PEN in Pamplona might be structured to
manage energy renovation and innovation at neighbourhood scale.
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Figure 23: Chapter 5.4 explores the PEN level in Pamplona. Source: authors.

5.4.1. PEN vision

In Pamplona, the objective of the oPEN Lab initiative is . >monstrate the positive potential
impact a PEN could have, through the various enc gy-reic d and social interventions and
initiatives. Instead of only meeting the minimum en~rgy performe. = standards, the oPEN Lab
initiative goes further: the Living Lab directly tar: :ts the background difficulties to induce
renovations and increase energy efficier .y pas the minimum requirements, by
renovating buildings, boosting renewable enc v pro Jction and adding smarter storage and
monitoring systems. The envisioned resuit the Rochapea district is that the
neighbourhood does not just use energy more ‘sely but will produce more than it
needs, creating a positive energy m ' qiving bac:. .0 the wider system and setting an
example to motivate the reproduction ari scaliiie ., " *hese solutions defined through a living
lab methodological approach. This will ¢ 0 r ovide an opportunity to ease the access of
vulnerable residents to affordable renewa. . energy. In addition to the technological and
renovation aspects of the projer , w. *really akes the Pamplona Living Lab stand out is the
role of the community, local 2 .ivists, ontributc. 5 as well as stakeholders. As a result of oPEN
Lab activities in Rochapea. e impza znts have become “energy active”, taking part
in workshops, promoting nev. =i _ts in the district, sharing knowledge, and getting involved
in how energy is produced and uc ' while understanding the importance of renewable energy
in a wider movement * ..o, climaw ~utrality in Europe. These lessons have also been the
results of the sever = activities ~ing undertaken, both at a technical and social level, which
have been succes ulinincreasit the understanding and uptake of PED/PEN solutions in the
pilot sites.

_—

In Pamplona, a series dtiatives take place in parallel, demonstrating that the
establishment of a positive eriergy district can emerge through a set of independent initiatives
on the neighbourhood level. In the future, depending on the extent of integration allowed by
the regulative framework, these activities could be linked together to produce further energy
links — there is thus potential for inter-initiative cooperation in Pamplona. These activities
include a virtual energy connection between the school and San Pedro buildings. Another
important aspect of oPEN Lab interventions in Pamplona is the use of the living lab
methodology, which supports close collaboration between stakeholders and technical
solutions to ensure alignment with needs while more broadly increasing citizen engagement
and awareness. This network is crucial to the sustainability of long-term success of energy-
related change.

oPEN Lab initiatives in Rochapea importantly follow the virtual energy community model,
with a virtual monitoring of energy linkages set up between two pilot sites (San Pedro and the
School), reflecting models of learning and improvement from system to system.
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The PEN story in Pamplona is still ongoing, with the first residents having moved into the
apartments of the newly-renovated energy-positive San Pedro apartment complex, the School
La Compasion is starting the renovation project and the community is working in different urban
level projects. Importantly, the San Pedro complex has connected the creation of an energy
positive building with the aspirations to provide accessible housing [68]. Different aspects of
renovation, such as optimising industrial renovation workflows, use of innovative materials,
energy management and heat harvesting, have been seen to have potential for replication and
usefulness in supporting the establishment of a PED/PEN. A model that is highly replicable
and is proving to be of interest both nationally and internationally is the model of renewable
energy community creation and development conducted by the city Council in Rochapea.

5.4.2. Governance structure and models

To define the governance model of the PEN and of th  =sociated Living Lab, a theoretical
process was conducted. During the process, it was ¢ serve  ‘hat it was not possible to define
the model at the beginning of the project due to a Iack of knowic 12 and the need of including
other actors in the process. Thus, it was decide to change the s.ategy and define it later,
once the project was further implemented, so ' .e defirtion of the governance structure and
models will be established in an organic w - thro' ;n the different projects and activities
ongoing in the PEN.

-

PEN = Living \

v 1
STAGE 1 STAGE 2
eoretical Defined through
G arnance T .
e ~finition from activities of
efinition ‘
scratch projects
Living
Lab
Unsuccessful Successful
(lack of knowledge and (knowledge gained
global vision) trhough activities)

Figure 24: Explanationi ~the pr cess definition of the governance structure and model of the
= and Living Lab. Source: UPV/EHU.

Currently, different levels of governance can be distinguished. On the one hand, at the district
level (macro level), we find the core group and the expert group that make operational and
strategic decisions. They are in contact with the stakeholders' ecosystems through key local
actors (ambassadors) and the district council. When a new project is created, a steering group
and one or more working groups are established at the local level (meso level). Within each
project, at the micro level, different activities are carried out, each of which has its own
management system.

More formally, important actors included in the governance of the two pilot sites are the
Pamplona City Council (owner of the San Pedro complex), as well as the La Compasion
Escolapios School, who itself is the direct owner of the school complex.

Regarding the stakeholders who engage with Pamplona Living Lab solutions daily, the
social groups are different. In the San Pedro housing complex, residents include people with
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disabilities, while La Compasién Escolapios School directly engages mainly its students,
teachers and other staff in the building — indirectly, the impact is broadened to people living in
the community with ties to the school (such as students’ families) as well as possibly other
educational institutions in the Rochapea region, for whom the La Compasién Escolapios
School can set a positive example and learning opportunity for similar future initiatives. The
activities of Escolapios have had a domino effect, and currently the four schools in the district
are involved, creating synergies between them and collaborating on joint projects, something
that is unprecedented in the district. The community and local stakeholders of Pamplona have
been mapped based on the idea of a quadruple helix community, which includes academia,
industry, civil society and the government (Figure 26 below). More specifically, the
stakeholders derived from the quadruple helix are mapped as follows:

Civil society: residents of the San Pedro area including current social housing
residents and potential future (post-renovatic ; residents. The La Compasion
Escolapios School stands as a central social ac within the area, offering not only an
essential space for student learning but alc - a « ~2der hub of education for the
community. Drawing students from across Rochapea, e school holds significant
potential to serve as an active agent thrc ghout the distric. oy supporting community
education while fostering the adoption, « pansicn, and replication of project initiatives.
The local community is also involved i co-cre .ion, testing and knowledge exchange,
also facilitating dissemination.

Government: a main stakeholder (regara.. interest as well as influence) in this
domain is the City Council of Pz "n'ona along w. several of its departments, such as
Nasuvinsa (the public housing *na u.. “~velopment agency), but also energy,
environmental education and coi mur'.ation, among others. This administration is
involved broadly in all main coi = unity building and engagement as well as
dissemination activities

Industry/private sec’ r: tecl 0logy a J service providers, construction, utility, and
energy companies, < ,cialhot * Janies, distribution system operators and small
business associatioi. Tk se actors are mainly included in renovation activities
(OBENASA, |bafiez, EL nqineering, ID domotica, etc.), the creation of ideas and
products, testi® || . gy tic 'ng along with supply and management (DSO, other
energy supp’ -rs).

Academis includes oPE! Lab partner university (UPV/EHU), other research centres,
CENER IKc. ©ENER & ar and CENIFER. Throughout this project, a focus on
publications, tra. 29 m‘ crials, collaboration are the centre of interest and value for
this stakeholder gro. 3] Their role is coordinating and managing the Living Lab and
the PED (UPV/EHU), supporting community building, trainings, raising awareness and
involving various agents, creating new concepts or improving them through co-creation
processes. Academia also participates in different working groups.
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Figure 25: Updated version of quadrup. he x outlook in Pamplona Living Lab. Source:
U. /(EHU.

The Pamplona Living Lab ha® also fered i1 »ortant insight from the activities of the PEN
office as well as the citizens .orking nd =teering groups, which were governance models set
up to foster direct stakehol. diale ue and engagement, providing answers and explanations
to any Living Lab operations a. = .ctivities, to ensure a community-centred approach as well
as guarantee the maxi= = effica ~ and uptake of the solutions in Pamplona. Therefore,
stakeholder engage’ ent acu es ac.uss the Pamplona pilot sites have been successful,
combining co-cre2’ un and creau = output (for instance in the form of community murals and
the Txio Txio projc . to foster ¢ nmitment to the solutions and ensure that the design and
solutions remain relev. * for the .ommunity.

5.4.3. Operational models
Operational roles

On the meso-level in the oPEN Lab project, it is possible to distinguish different operational
roles and management system layers:

1. AH Asociados is the coordinator at local level, taking charge of ensuring that the dif-
ferent pilots carry out the established actions and achieve the established objectives.

2. Owners of the pilot buildings: The City Council in the San Pedro building, and La
Compasion Escolapios in the school. They make the final decisions on the solutions to
be integrated into the renovation.
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3. Technical experts in the different areas of building renovation, who support the
owners in the design and decision-making process. Among the partners of oPEN Lab
is CENER, which specialises in sustainable energy production, energy management
(BMS/HMI), energy twin and heat harvesting; AH Asociados, who provides support in
BIM modelling, installations and architectural solutions, and assists owners in
managing renovations. UPV/EHU provides support for the co-creation actions that
have been established as part of the renovations, the monitoring of buildings before,
during, and after the works, energy storage studies in collaboration with CENER and
AR/VR solutions.

Other technical experts who are not part of the project consortium also play an
important role in the renovation process and subsequent operational phase. These
include builders, engineering firms, sensor manufacturers, energy providers, DSOs,
material suppliers, photovoltaic installers, etc.

4. The UPV/EHU leads social innovation actior -t the urban level. Together with the
City Council, they are responsible for raising ware. ss, engaging and involving local
agents, as well as disseminating the activities carried ou.  the district at the community
level and carrying out co-creation proces: :s for both projc { activities and new ones
that arise.

5. The City Council through the PEN oi. ~. wit" (he collaboration of other departments,
promotes the implementation of diverse atives that support the district's energy
transition (building renovations, PV installatic. nature-based solutions, etc.).

Although they are not partners in 1« » ¢, . ' '~2b project, there are intermediaries or
ambassadors who actively supportthe co reatic i anu uissemination processes. Among them,
it is worth highlighting the four schools ir. ‘b neighbourhood, the traders' association, the
Landare association, the neigh’ hood ¢ uncil and residents. This group is becoming
increasingly consolidated, bec ning o>t only ¢ :seminators and active agents in the project's
actions, but also promoters ¢ new id as

Management of energy prc. ucti n, distribution and consumption

Regarding the San Per's "uilding *he City Council is responsible for managing the building
as its owner. Howevr | the rec '=nts 0. .ne flats and their needs are managed by the CERMIN
association. For .nergy mar. yement, CENER has implemented a BMS (Building
Management Sy m) and ene |y digital twin, and the subcontractor ID domotica has
implemented the HMi | 'man-M chine Interfaces) and all the sensors necessary for the BMS
and HMI. A percentage ¢ “¢ cznergy produced is transferred to the REC and the rest is
consumed by the building ncelf and/or stored in its batteries for use during periods without
energy production.

PV energy self-consumption in San Pedro buildings:

Initially, the building’s design planned two supply points (CUPS), one for Portal 11 and one
for Portal 12. The PV installation was physically divided between both portals, with a collective
self-consumption setup proposed for each. The allocation percentages were going to be
crossed between them; for instance, the production from San Pedro 11 shared with Portal 12,
and vice versa.

This planning allowed for real, joint management of self-consumption through the BMS ,
extending beyond the scope limits of the inverters. The HMIs for each building and their
connection with the EMS (Energy Management System) add a layer of prediction to correct
and improve the BMS's decision-making.
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Sharing the PV production between the two buildings is permissible under current legislation.
However, due to the internal management restrictions of the DSO company, a single CUPS is
not allowed to participate in more than one collective self-consumption scheme. Given this
issue, the way forward was involving two other municipally owned buildings in the two
collective self-consumption systems.

Given these premises, the design of the self-consumption systems is as follows:
San Pedro 11:

PV Production: 80% for the building needs.

PV Production: 20% for the neighbourhood senior citizen’s club needs.
BMS Management: Shared with SP12.

HMI: SP11's own.

Inverter and Batteries: SP11's own.

This supply point services the public EV chargir ~ost.

San Pedro 12:

e PV Production: 70% for the building nee .
e PV Production: 30% for the Environme .cal Edr ~ation Museum needs.
o BMS Management: Shared with SP1
e HMI: SP12's own.
o Inverter and Batteries: SP12's own.
Regarding the La Compasién Escol. ... ~~honol buiiuing, the La Compasion Escolapios

group is responsible for managing the bu ding a: ..« = ier. For energy management, CENER
will implement a BMS and energy digital tv 1, .1d the subcontractor Inbiot will be in charge of
supplying all the sensors necess=for the . 1S and HMI. The energy produced is consumed
by the building itself and/or < urea 1 its be =ries for use during periods without energy
production.

CENER will manage the viric ' ex: iange of energy between the two buildings.
Energy systems inteoratian

In the San Pedro < :, energy . anagement systems, including control signals and data, are
managed by a sp ffic Building | anagement System (BMS) along with EMS [40], which is
centralised at the bu 'ing level. = Jditionally, each flat (dwelling) has access to an interactive
home automation sysic = cor ol, which guides new residents through an interface and
therefore encourages the re ents to take on the role of an active residents. [55]

At La Compasion Escolapios School, the heat gathered from the roof will be used by the
classrooms, while the roof will also be the location of several other planned installations,
namely heat pumps, thermal storage, EMS/HMI and batteries. The double-flux heat recovery
systems will be placed in the offices, classrooms as well as the gym, while e-meters and
sensors will be placed throughout the entire building for effective monitoring. [50]

Further, in both buildings, more detailed energy monitoring measures are planned to include
the following:

e 3D and photogrammetry scan before, during and after works (photogrammetry
assisted by drone and terrestrial laser scan).

¢ Installation of sensors for Indoor Air Quality, energy consumption, energy production,
energy management.
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e Optical sensors to characterise heat flow through the thermal envelope and support
building digital twins

¢ Quality of envelope analysis: U-value, thermography, air tightness test, fluxometry,
(Heat Loss Coefficient).

o Advanced weather station (temperature, relative humidity, wind speed and direction,
precipitation, sky irradiance, etc.).

¢ Pyranometer for accurate measurement of global solar irradiance.

5.4.4. Financial models

The Living Lab activities are financed through grants (public funds) as well as self-funding. The
business model of the Pamplona Living Lab is based on tt = “Urban centre model”: a public-
private economic model driving groups carrying out the ctivities of the Living Lab (e.g., AH
Asociados and OBENASA in collaboration with Pamp! City Council and the Universities).
[3] [69] Work is currently underway to define a more inaric ''lv sustainable model that does
not depend on public funding.

5.4.5. Ownership models

For the San Pedro pilot site, Pamplona City Co.. il is the owner and thus responsible for
overseeing the renovation process. For La Compasic. =scolapios School, the school itself
owns the school complex, giving the ... "= management team control over renovation
procedures and making decision-making uick < . iv.c .n internal process. [50]

Regarding the pilot site in the former indu  ial complex of IWER, which had initially been
included in the plans as a count < ‘fothe t. » apartment buildings in San Pedro, renovation
could not be initiated by Ma 2024, Jue to I jal complexities, which fostered delays and
ultimately led to the exclusic . of this ' ~om the oPEN Lab project activities to decrease
uncertainties. Due to these . ~urr .ances, it became necessary to formally cancel this pilot
site. Nevertheless, the knowle._  experience and technical insights acquired through the
activities undertaken - _ "~rwiti. = specifications and requirements developed during the
drafting of the tec! ical pro, t — will, in due course, be incorporated into the future
redevelopment of = .e IWER cori lex. It appears highly unlikely that such a significant asset
will continue to rei. ‘n underutilis d for an extended period.

5.5. Summary of the emerging Pamplona organisational
PEN model

Pamplona represents a socially inclusive and digitally enabled approach to neighbourhood-
scale energy transition. The Rochapea district pilots - the San Pedro housing complex and La
Compasion Escolapios school - demonstrate how energy-positive ambitions can emerge
through coordinated public governance, citizen participation and virtual energy sharing
between buildings. At the centre of the model is thus a community-based virtual approach. The
model is still evolving, but it provides valuable lessons on how community engagement, flexible
regulation, and technical innovation can drive early-stage PEN development within a
supportive local ecosystem.
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5.5.1. Context level

Pamplona offers a solid institutional and policy foundation for PEN development, but faces
financial and regulatory constraints that limit large-scale rollout.

Structures

Spain’s and Navarre’s energy frameworks strongly support renewable energy deployment
and sharing, as well as energy efficiency, while local policy (SECAP 2030) sets ambitious
decarbonisation targets. However, most financing depends on private funding and there is no
specific incentive structure for going beyond minimum efficiency towards positive energy
balance. Social protection and renovation support schemes exist, but remain dependent on
national capacity and therefore inconsistent. Overall Pamplona’s structure supports
renovation and renewable energy integration, but .cks coherent long-term financial
mechanisms for neighbourhood-level scaling.

Cultures

Rochapea’s social profile reflects moderate ece’ umic vulnerability (11.3% poverty risk) and
a diverse population, including elderly resic’ nts an migrants. The oPEN Lab approach
emphasises empowerment and local ov. °rship hrough education, co-creation and
visualisation tools (e.g. AR/VR). This has fosterc. = ong community activation and a growing
“energy-active” culture. Pamplona’s experience  thlights how inclusive, participatory
processes can align social and environr  ~*al goals ana, ovide a basis for future sustainability
of efficiency initiatives.

Networks

Beyond the initiatives of oPEN o, here arc several networks and cooperation projects
between academia, the indu oy anc governr. :nt in Pamplona, confirming the continuous
commitment to environmen’ .i goals - zneral interest in developing this area of action
further. The Living Lab with . =n< .gement of local citizens fits into the existing networks by
offering further insight and poini..  f view on the local level. Strong local partnerships facilitate
trust, coordination an< ation. ~wever, long-term replication depends on maintaining
citizen engagement id ensui.  finaricial sustainability.

5.5.2. oPEN Lc 'evel

The Pamplona oPEN Lab serves as a bridge between municipal strategies and
neighbourhood implementation, combining technological pilots with social experimentation.

Organisational setup

The Living Lab is co-led by the Pamplona City Council and UPV/EHU, supported by CENER,
AH Asociados, OBENASA and La Compasién Escolapios. Cooperation and engagement
involve citizen-based core and expert groups, a district council as well as local “ambassadors,”
ensuring coordination between institutional and community levels. Decision-making is
inclusive and iterative, enabling technical and social alignment throughout implementation.

Citizen engagement and co-creation

Engagement is highly structured through a six-step participatory strategy involving
workshops, AR/VR visualisation, artistic co-creation, training and energy community
development. The approach empowers residents - particularly socially vulnerable groups - to
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influence design, renovation and awareness activities to ensure maximum alignment between
needs and solutions. The result is a citizen-centric process where residents become active
participants in the transition, ensuring social legitimacy and behavioural impact.

Technological solutions

Pamplona is working towards a virtual energy sharing model connecting the San Pedro
housing complex and La Compasion Escolapios school. Both sites integrate advanced PV
systems, building envelope upgrades, heat pumps and EMS/HMI. This digital linkage enables
real-time energy balancing and optimises renewable use. Despite the IWER site’s current
exclusion as a pilot site, its preparatory work contributes learning on industrial-scale PV.
Technology choices directly shape the governance and financial model by linking public assets
via a shared virtual energy framework.

5.5.3. PEN level

Pamplona’s PEN is still at a formative stage, func.oning ac = set of interconnected pilots
rather than a single integrated system. Its mos Innovative fea. e is the virtual energy
exchange - a scalable foundation for future neic ibourhood energy communities.

PEN vision

The city envisions Rochapea as a socially inclusi. energy-positive neighbourhood. The
current pilots lay the groundwork for fut:ire scaling by ¢ nonstrating how public buildings and
housing can become renewable energ. tiu.. 2 empowering citizens. The long-term goal
is a self-sufficient, digitally connected dis ct ths proc.ces more energy than it consumes.

Governance structure and model

In Pamplona, there are actorc .nvolv 1 in gov ~nance on the macro, meso and micro level.
Regarding specific staket iders, 1~ -~ operates a well-integrated quadruple-helix
collaboration model, linking over: .ient, academia, civil society and industry. Governance
follows a multi-level approac. e City Council and UPV/EHU lead strategy, supported by
expert groups, local coi'nai'= and a. hassadors connecting to the community. Decision-making
remains project-base ., reflec 29 a . nicipal-led coordination model with active citizen co-
governance. Over ! .ie, this may ‘volve into an institutionalised renewable energy community
model.

Operational model

On the meso level, operatioric are coordinated by AH Asociados, technical experts, owners of
pilot sites, UPV/EHU and CENER, managing technical execution, monitoring and virtual
energy exchange between sites. Each pilot owner (City Council, School) manages its own
building, but within a shared EMS framework. Data-driven systems allow both local
optimisation and integration across the two sites - a key step towards real PEN interoperability.

Financial model

The financial setup is primarily project-funded, combining EU, municipal and private
resources. The underlying business model - the Urban Centre Model - promotes public-private
collaboration, but remains dependent on grants. Developing a post-project financial framework
is crucial to ensure sustainability and expandability.
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Ownership model

Ownership mirrors the institutional diversity of the pilots: San Pedro is publicly owned by the
City Council, while La Compasién Escolapios is partly privately owned. There are no collective
ownership mechanisms yet, but future energy community structures could introduce shared
governance and benefit-sharing models across the district.

5.5.4. Emerging Pamplona organisational PEN model

In the centre of the organisational design of the San Pedro housing complex and La
Compasion Escolapios School is a virtual energy sharing system. In this model, energy
linkages are created through a virtual power flow that are shared between the two sites. This
creates an integrated system, increasing self-sufficiency a: . energy resilience, while reflecting
the central role of renewable energy in the pilot sites. Th: inonitoring approach to this system
is also done virtually, with the help of sensors placed .1 ch of the pilot sites, among other
necessary technical interventions. This real-time d. a is in.. ral to accurately monitor and
predict consumption patterns as well as balance t* . energy flowc ~tween the two buildings.

Pamplona’s organisational PEN model has the Lllowin core characteristics:

Virtual interconnection between building  for nergy exchange.

Strong municipal leadership with participai. ~ aovernance structures.

Deep citizen engagement throuch co-creation ¢ education.

Integration of digital tools (EMS, =i, = “~ltwin) enabling real-time optimisation.
Policy alignment with renewable ¢ ‘ergy epiuy.nent and sharing goals.

Pamplona’s developing model demanstrate.  ow cities can prototype energy-positive systems
without full physical interconne .oii. Yy levei 1ing virtual energy sharing, citizen co-creation
and community-based coord” ation, shows « pathway to inclusively scale neighbourhood
energy systems even unde! ragmer ship and regulatory constraints.

Steering factors

Pamplona benefits = Ui nrog: sive regulatory environment supporting energy
communities, stror , municipa. coordination and a high degree of citizen participation.
Education and = sualisation t )ls strengthen energy literacy and ownership, while
technological innova. n (virtual € ergy exchange, EMS) enables local optimisation. Together,
these drivers position Fc nlon as a frontrunner in socially integrated PEN development.

This virtual PEN model in Pamplona is developing and implemented in Spain’s regulatory
framework, which supports a collective self-consumption and energy community approach.
On the one side, the NZEB requirements and various objectives to increase the production
and reliance of renewable energy create the necessary supply for the virtual model and
contribute to sustainability standards, given that the use of renewable energy and producing a
surplus of it is at the heart of the model. On the other hand, regulatory frameworks support
consumer side flexibility, which is a major enabling factor for supporting collective self-
consumption of energy in Pamplona.

The insights and value from activities in IWER also act as steering factors, given the activation
of the community through stakeholder engagement as well as the complex’s potential for future
redevelopment and subsequent contributions to energy efficiency in Rochapea.
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Hindering factors

While there is an enabling regulatory framework in Pamplona, there are nevertheless also
some hindering factors, such as the distance-based limitations on building energy
communities. The general sustainability of PEN renovations relies heavily on community
engagement and citizen education and activity, which is why public collaboration activities
have also been central to oPEN Lab projects — this supports continuity and replicability of
sustainability initiatives in Pamplona. For this, finding the necessary financial support - not
reliant on public funding, for instance - is also crucial. Mapping the challenges and actively
working towards resolving them is a crucial part of oPEN Lab in Pamplona. To this end, the
project is still actively evolving in the Rochapea district, offering opportunities to explore and
test different solutions. Replication will require a more stable funding base, clear incentives for
energy positivity and continuous community activation.

For a summary of the emerging organisational PEN mod . in Pamplona, see Figure 27 below.
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PAMPLONA - emerging
community-centric virtual energy
sharing PEN model

A socially inclusive, digitally enabled and participatory pathway

linking buildings through virtual energy exchange

Context overview

Structures — supportive regulation for energy
communities; strong renewable policies; financing
inconsistent; no dedicated incentives for achieving
positive energy.

Cultures - social vulnerability but strong willingness to
engage through education and co-creation; AR/VR tools
and artistic workshops build local ownership.

Networks - strong quadruple-helix partnerships; Living
Lab fits into larger sustainability networks; future
replication depends on sustained engagement an
funding.

Steering factors

Citizen engag 1ent - six-step

Tei Liological Ctutions -

Snapshot

Pilot sites: San Pedro housing complex (public housing) and La Compasién
Escolapios School.

Key actors: City Council, UPV/EHU, CENER, AH Asociados, citizen groups.

Technical focus: Virtual energy exchange, PV, EMS/HMI, envelope
upgrades, heat pumps.

Social context: Diverse district including elderly and migrant residents;
moderate vulnerability.

- Emerging PEN features
Living Lab
= > PEN vision - a digitally connected,
hlghhgh*s socially inclusive energy-positive
district.

Organisatigl I'setup - co-led
by munit " ality and
academic. ‘nclusive
multi-actor ord Suon.

Governance - municipal-led +
community co-governance; future
expansion of energy community likely.
Operational model - virtual power

icipatory pii bss; flow; real-time balancing via shared

amud adors, distit councils, EMS.
Co-Cres Financial model - EU + municipal +

private co-financing; grant

irtual energy sharing dependency persists.

2tween two buildings,
vanced PV, EMS, real-time
¢ptimisation tools.

Ownership model - mixed
public/private asset ownership; no
collective ownership yet.

Enabling regulation for collegii#*Selt-CORMMptid

Hindering factors

Deep citizen involvemeni8ld strong educdiilal

processes.
Distance limits on energy communities.

High grant dependency; unclear long-term financing.
Needs sustained engagement to maintain momentum.

Digital tools supporting optif8ation and tran@arency.
Multi-level governance structuf

Future energy potential of IWER Diging Limited incentives for positive-energy performance.

Pamplona demonstrates a community-centric virtual PEN model, leveraging citizen
participation, municipal coordination and real-time digital tools to prototype
neighbourhood-scale energy exchange. It offers a socially grounded pathway toward
future PEN deployment.

Key takeaway

Figure 26: Emerging organisational PEN model in Pamplona. Source: authors.

93



6. Tartu case study
6.1. Overview of Tartu oPEN Living Lab

Fi ure 27: A, =linn uistrict in Tartu. Source: Ragnar Vutt.

Location
Annelinn district, Tartu, ~stonia
Introduction

The oPEN Living Lab in Tartu is situated in Annelinn. Annelinn is the largest district of the
city, covering 5.4 km? and housing around 24,000 people, making it the district with the highest
population density in Tartu. Planned in the late 1960s by Mart Port and Malle Meelak, it was
conceived as four “microdistricts,” though only two were completed before the Soviet collapse.
Built mainly in the 1970s and 1980s, Annelinn is dominated by five- and nine-storey
prefabricated panel apartment blocks, set out in an amphitheatre-like layout rising from the

94



Emajbgi floodplain. Today, the area remains a classic late-Soviet large housing estate, which
suffers many issues as a result of poor planning.

The district is the largest in Tartu, stretching along the left-side bank of the river Emajogi. It
boasts two high schools and four basic schools, a nursing home and an elderly day centre,
various sports centres and a library in addition to various service hubs for food and shopping.

Socio-economically, Annelinn is diverse but carries a distinct profile within Tartu.
Statistically, the majority of Tartu’s Russian-speaking residents are concentrated there, making
the district culturally and linguistically diverse. The district is known for being a densely
populated, mixed community where the key challenges are aging infrastructure, parking
problems, energy efficiency and social cohesion.

Current policy emphasis is on preventing decline by foste: 1g renovation, improving services
and integrating the district more fully into Tartu’s dev. opment trajectory. The oPEN Lab
initiative includes the deep renovation of two ap  »ent buildings in Annelinn and
additional PEN solutions in the fields of energy stora : ana . ~ewable energy production.

While the original deep renovation ambition of t* . project, whici. +as aimed at a district of
nine-story apartment buildings of which thre . were targeted for renovation, remained
unfulfilled, it entailed several important tasks * at help 4 shape and understand the emerging
PEN in Tartu. One of the key actions was thc '=2v¢ opment and validation of a high-fidelity
digital twin for a representative high-rise residenu. ~eighbourhood. The digital twin covers a
minimum of 22 buildings, clustered basad on their loc. ~n and typology, and fully integrated
with the district heating grid. This nei¢ 2ucc “-level digital representation serves as the
baseline for estimation, comparison ana »otim? atioi: Jf future energy scenarios, supporting
the transition towards PEN.

Additional surveys of the distr’ . ai.  tight cc neration with local housing associations have
further informed the creation . a PEIl in the cit,.

Some facts and figures

e Annelinn’s total nonulatior, 24,551 [70] and the district covers an area of 5.4 km>.

e Population de sity 1s .« highe in the city: ca 5,100 per km?2.

e Built during e Soviet oc 1pation era, the district is dominated by five- and nine-storey
prefabrica. ' panel apartr :nt blocks with poor building quality.

e The district we 'eft unfir shed — only two of the four planned neighbourhoods were
ever built.

e |tis home to a multicu.tural and multilingual community — while a proportion of the in-
habitants have been living there since its conception, it is also a home for temporary
workers and students.

¢ Due to changing needs, the district faces many challenges as a result of poor planning,
construction quality and cramped space.
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m—/\RTU  LEADING THE TRANSITION
TO POSITIVE ENERGY
NEIGHEOURHOODS

Two apartment
buildings will be
fully renovated: one
“xately owned and
the'second a social

housing
building @

Figure 28: Tartu EN La' overview. Source: authors, Ragnar Vutt (photo credit).

6.2. Tartu oPEN Living Lab context

This chapter provides contextual insight into Tartu’s oPEN Lab neighbourhood by examining
the underlying structures, cultures and networks. The aim is to lay the groundwork for
understanding how local contexts shape the organisational models of PENSs.
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Il Living
Lab level

Figure 29: Chapter 6.2 explores the context level in Tartu. Source: authors.

6.2.1. Structures

This sub-chapter explores the structural conditions sk ~ing each oPEN Lab neighbourhood,
focusing on their economic settings, regulatory frar :wc s and physical characteristics.
Understanding these foundational aspects helps cxplain « oractical opportunities and
constraints faced in implementing and scaling PE" s.

Economic setting?

As of 2025, Estonia is marked by one of the n._ e annual inflation rates in Europe [71].
This surge in inflation has elevated the cost of co. ‘ruction materials, labour, and financing,
increasing the expenses associated with zero energy re. vations?3. Combined with the volatile
geopolitical landscape and the energy « 'sis . "'=2d by Russia’s invasion of Ukraine, which
prompted the country’s near total ban oi Yussic i eric.gy sources and a disconnect from the
Russian electricity grid, the small natio. ' ius experienced unprecedentedly turbulent
conditions both economically the enc 1y market.

In Estonia, 96% of apartmer , are p vately owned [72], which are organised into apartment
housing associationsand b 'singc: _p.c.....s. The proportion of state-owned social housing
is relatively low in Estonia (1. “) vhich is significantly below the EU average of 8% [73]. As
such, apartment buildina renc ‘tions depend heavily on the private homeowners’
decisiontorenovate ..ncii . 2behi ‘2red by several factors. Firstly, while there is a national
renovation grant av .iable and ¢ 'ditional Renovation as a Service (RaaS) support (in Tartu),
the upfront cost ¢« ~ be too high or housing associations, despite the promise of long-term
savings. Additionally, *novation ices in Estonia have increased by 100% between 2010 and
2018, with latest marke. | ices .ontinuing to show growth [74]. Secondly, in multi-apartment
buildings, achieving conseri. s among residents for renovation projects can be challenging
and is considered a major barrier to renovations.

As in the rest of the country, the local market conditions in Tartu for PEN rollout are mostly
characterised by energy efficiency initiatives. This includes the Estonia’s long-term
renovation strategy [75] which sets specific renovation goals by 2050 (see more in next
chapter); the public subsidies to support renovation, such as EIS (former KredEx) financing
[76]; and the municipal services to encourage renovation, such as RaaS$ [77] in Tartu, which
provides financial support for technical consultation and renovation.

22 For more information about the market conditions and economic instruments relevant to Tartu’s PEN
development, please refer to the oPEN Lab report Towards a regulatory framework for positive energy
neighbourhoods, Tartu (2024) [91].

23 For more information on the issue of high interest rates in Estonia, see the report Positive Energy
Neighbourhoods — Overcoming financial and market barriers (2023) [90].
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Past successful renovation initiatives such as the SmartEnCity project [78] also serve as
proof of concept, encouraging further near-zero energy renovations and moving towards a
PEN.

Regulatory setting?

While the creation of PENs is not specifically incentivised by the Estonian government, there
are several factors and regulations that encourage their development which are described in
the following passages.

Dynamic tariffs and demand-side flexibility. Estonia has implemented mechanisms to
encourage demand-side flexibility, a crucial component for PENs. For instance, the
government offers payments of up to 5,000 euros per megawatt-hour (MWh) to consumers
who adjust their electricity usage during peak demand per »ds. This approach not only helps
balance the grid but also incentivises the adoption of = nart energy management systems
within communities.

Energy efficiency standards for buildings. T¢ promote nergy-efficient construction,
Estonia has established minimum energy perform ice requiremei. for buildings. As of 2020,
new buildings are required to meet Class A str .dards. effectively making them Nearly Zero
Energy Class buildings. For major renovations acludir | renovations supported by the national
funding scheme, buildings must achieve at ic. * C .ss C. These standards encourage the
integration of energy-efficient designs and technc. -ies, such as prefabricated components,
which support the development of PENs as they are . '<er to install, making scale-up easier
(e.g., neighbourhood level renovations, cu..., =7 to ‘traditional’ renovation methods.

Long-term renovation strategy. Estonic L \g-Term Renovation Strategy (LTRS) aims to
improve the energy performance of buila. ;s nationwide: its main goal is to completely
renovate the building stock to = ery perfori. :nce class C by 2050, making it necessary to
renovate 100,000 private hr ses, 1 ,000 apc.tment buildings and 27,000 non-residential
buildings in the coming ye: s. The _.__, icludes measures to support the renovation of
both residential and non-resi.. ti= ouildings, with the objective of making the nation’s building
stock energy efficient and reducii._ =0, emissions.

Renewable energy subsidic. and reverse auctions. To promote the use of renewable
energy sources, E' onia has este 'ished a system of subsidies and reverse auctions. Through
these auctions, re. wable ener¢ ' producers can receive a sliding premium on top of the
market price for elec. ‘tv, prc iding financial incentives for the generation of renewable
energy. This system supp. '« .ne integration of renewable energy into communities, a key
aspect of PENSs.

Additionally, according to the Energy Policy Development Plan (ENMAK) 2030 [79], by 2030,
80% of heat produced in Estonia must be from renewable energy sources, and the energy
efficiency of buildings must increase to at least class C which is another regulatory incentive
guiding PEN development.

Reducing GHG emissions. The National Energy and Climate Plan (REKK 2030) [80] from
2019 sets out various targets: for example, ambition has risen in the governance agreement
for 2021-2023 which envisions climate neutrality by 2050. This goes beyond the 80% GHG

24 For more information about the regulatory frameworks relevant to Tartu’s PEN development, please
refer to the oPEN Lab report Towards a regulatory framework for positive energy neighbourhoods, Tartu
(2024) [91].
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emission reduction by 2050 which had been set out in the General principles of climate policy
document from 2017 (KPP 2050).

However, several regulatory barriers or gaps still exist that hinder the emergence of PENs
in Estonia:

Low renovation ambition: the minimum requirement for major renovations is an
Energy Performance Certificate (EPC) class C, which is insufficient for deep
decarbonisation at the PEN scale; there are few incentives to exceed the minimum,
with A-energy class renovations being much more costly than lower class ones.
Constraints on energy sharing:

O

Energy sharing within or between apartment building blocks in Estonia remains
largely unregulated and technically challenaing. The transition from individual
apartment-based electricity purchasing to  ,oint purchase agreement is legally
constrained: Estonian law requires uns ‘mous consent from all apartment
owners within a building, i.e. 100% . vc = must be in favour. If even one
apartment owner opposes the switch, . 1e buildii._ ~annot adopt a joint electricity
procurement model. This rigid re Jirement signi. antly limits flexibility and
adoption. A more practical and ir .iusive model would allow residents to opt-in
or opt-out individually, enablinc partial = articipation without blocking collective
progress.

On the technical side, energy < -ring within apartment buildings or
between neighbouring buildings is . rrently hindered by infrastructure
limitations. To enable 'cc. ' =haring without incurring standard network
usage fees, extensive phy ‘cal re .iring s required. This includes installing new
cabling and metering syste: s .at bypass the public grid, which is both costly
and disruptive. As =~ "asult, vii al energy sharing models, such as peer-to-peer
trading or comr unity »lar, are ot yet feasible under current regulations and
grid architect! 2.

Uncertain, fragme. ~d suv port: siop-start grant availability and unclear long-term
financing reduce renovc . momentum.

Implementatic~  »acity. -=ating PENs requires coordinated technical, legal and
social proces :s at ne.  »bouriiuod scale; current frameworks and capabilities are still
evolving.

Physical setting

Annelinn is Tartu’s larges., »* -Soviet large housing estate planned in 1969-1973 and built
mainly in 1970-1990, composed overwhelmingly of five- and nine-storey prefabricated slab-
block apartments laid out as micro-districts (two of the four planned were completed).
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! Functionally, Annelinn is
mostly residential with
local service nodes
(schools, shops, health and
social services) and a few
newer small
commercial/office buildings.
The area is oftentimes
characterised as
monofunctional, consisting
of high-rise, high-density,
residential apartment
buildings.

A technical report on

Figure 30: Unrenovated apartment buildings in .nnelinn. ~unase 80 [81], a typical

Source: Tiina Pitk. nine-storey panel

apartment  building in

Annelinn, provides an overview of the quality " this © ass-built block: prefabricated envelope
with aging joints and limited insulation, and enery_  ass D prior to renovation.

6.2.2. Cultures

As mentioned in the previous chapter, An. - an is the densest and largest district in Tartu.

While there is no distinct socic .. »graphic Jata available on the residents, surveys show
that the district hosts not onlv nost o the city’. Russian-speaking minority, but also a wealth
of other minorities, making i* «veryc: = " ‘'Jerse area. In terms of how this may affect PEN

development, while it provic = a ch cultural base to draw on, it also presents potential
problems in terms of alig. a differing cultural expectations regarding urban
developments.

In the 2023 survey .artu and Tc ‘u people” commissioned by the Tartu city government [82],
the residents of Ai. ~linn apprecic 3 the homely feel of the district and the proximity of services.
However, they also e.., =ssed th most negative opinions about their surroundings, citing lack
of cleanliness, beauty «. ' ¢ _.enery as issues. Additionally, noise, parking problems, and
safety were also mentioned <. concerns. The local residents were also more likely to bring up
social problems such as drunk and loud people.

The questionnaires conducted during the oPEN Lab project [83] showed that while the
residents consider the public space in their neighbourhood important, only a third would be
willing to participate in improving it. Surveys also showed that currently, there is little
cooperation between the housing associations and residents, even though more than half
of the respondents consider it to be important. Regarding climate resilience, most respondents
feel that heat waves are “bearable” for them with only a quarter supporting the installation of a
cooling system in the apartment building.

Social acceptance of renovation remains uneven. While some residents see renovation as
an opportunity to improve comfort and property value, others perceive it as costly and
disruptive. Housing associations act as collective decision-making bodies, but achieving
consensus across residents is a challenge.

100



The district has its own representative body (Annelinna Selts — Annelinna Association [84]),
a grassroots non-profit organisation founded in 2016 with the goal of uniting the various
communities of the district and to represent their interests. The association has several online
media channels and organises annual Community Days for the neighbourhood.

6.2.3. Networks

The transformation of the Annelinn district should be viewed in the larger Tartu context. In the
city, there are several key local stakeholders supporting and coordinating the creation of smart,
inclusive, and energy-efficient neighbourhoods, the most important of which is the Tartu City
government. The local government is the catalyst and initiator of the oPEN Lab initiative and
a key source of financial support to test the innovative prefabricated panel renovations. They
are responsible for issuing permits and ensuring the distr’ « develops sustainably.

The key partner to the city government are the local r sic ~ts and the housing association
of the Uus 1 apartment building, who is respoi .ible foi e renovation decision. Tight
cooperation between the city government, the resic :nts and their . ~resentative body, and the
other local supporting actors is vital to ensurin  the success of the innovation project and
launching of the PEN in the district.

A key technology partner is GREN that offers . ~ .vable energy-based district heating — a
crucial component in the emerging Tartu PEN.

Other important local actors are the Te. u .. _" n2! Energy Agency (TREA), the University of
Tartu, Tallinn University of Technology (i 'Tech’ ne .. stitute of Baltic Studies (IBS) and many
more (see more about the Tartu Living La. e uJp in chapter 6.3.1.).

6.3. oPEN Liv i\gL2a Too'm

This chapter explores how the = tu PEN has been organised and implemented through a
Living Lab approach *-=* hrings ~gether public, private and civic actors in a shared
governance structur . It . pres ats the technical solutions demonstrated in the
neighbourhood, hic ilighting the ‘enovation strategies, energy technologies and integrated
systems that mak 'o the core oi "artu’s energy-positive transformation.

Il Living
Lab level

N S

Figure 31: Chapter 6.3 explores the Living Lab level in Tartu. Source: authors.

6.3.1. Organisation

The Tartu PEN is located in the Annelinn district — a dense, culturally diverse space that suffers
from poor urban planning. The aim of the PEN in the region is to contribute not only to the
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positive-energy development of the neighbourhood, but to build a community that is inclusive
and forward-thinking.

Stakeholder roles and governance

In the development of the Tartu Living Lab, the leading partner and initiator is the Tartu City
government (most notably, the Spatial Planning Department but also working horizontally with
other departments - such as the Department of Public Relations and the Department of
Municipal Property - where needed), supported by a Strategic Steering Group (including IBS,
TREA, TalTech, the University of Tartu, and other local stakeholders). The local government
is the catalyst and initiator of the initiative and a key source of financial support to test the
innovative prefabricated panel renovations. They are responsible for issuing permits and
ensuring the district develops sustainably. Decisions are taken at two levels: strategic
decisions via the city council and steering group, and ope! .ional decisions in weekly working
group meetings (technology and engagement). This < stribution of roles reflects a hybrid
governance model where municipal leadership is co .. mented by research partners and
consultants.

The key partner to the city government are the Ic al residents anu .ne housing association
of the Uus 1 apartment building, who is r ,ponsit'e for the renovation decision. Tight
cooperation between the city government, the 2siden’ and their representative body, and the
other local supporting actors is vital to ensuri._ ** . success of the innovation project and
launching of the PEN in the district.

Another key actor is the Tartu Regic 'a. = m~v _Ageiicy (TREA), which offers technical
consultancy and support to housing assc iation duu. 1 the district and in the city at large.

The University of Tartu and the Tallinn ¢ .versity of Technology (TalTech) support the
development of the PEN in Te. 4w  resea Y and technical consultancy, while playing an
important role in citizen engac menté¢ well. Th. university’s experts have provided renovation
calculations for the targete. nouses .ioped a renovation calculation tool to facilitate
these discussions [85]. They = = # .o responsible for creating renovation solutions.

The Institute of Baltic = 'ies (1. ™ provides additional research support and coordinates
the citizen engager znt acu ‘=s together with the other project partners. IBS is also
responsible for the .ome autome on tender, which is a crucial element in deep renovations.

Citizen engagemei. nd co-cre¢ ition

Building on decades of 4. - participatory practices, the Tartu city government has been
actively involving the local residents in PEN creation. Even though the Tartu Living Lab has
been subject to three pivots during the project, citizen engagement and co-creation have been
central in planning.

Regular information events to introduce deep renovation technologies, goals and ambitions,
along with “dreaming workshops” for co-creation have been held with all apartment buildings
who have expressed a wish to join the project [86]. Additional study visits to inspire and
facilitate experience exchange have been organised throughout the project.

In the case of the Ravila 49 apartment building, which ultimately declined the renovation offer,
several home automation workshops were also held to discuss smart home solutions and their
benefits, and a renovation working group was created to make decisions on behalf of the
residents and prepare the technical tender of their apartment building.
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As of September 2025, similar plans are also in place for the new building, Uus 1, where a
preliminary resident survey has already been held. This will be complemented by home
automation workshops (including informational materials, user trainings, etc.), co-creating an
artwork, and co-creationally improving the immediate surroundings of the building.

In case an active community of owners emerges in the neighbourhood who wishes to apply
for additional funding for public space solutions, the city government also boasts annual
participatory budgeting, which empowers citizens to propose, vote on, and implement the
ideas of their choice.

Value proposition
The Living Lab organisation brings value to several stakeholder groups:

e For the residents and citizens: support in pre aring for large scale renovations;
additional financing; support in the implemer ‘fion phase; bringing the best and
innovative technical solutions to the area; er agi._ the community, increasing their
awareness of energy-efficiency and offering supportin « ‘~rmining the actual condition
of their apartment building; and rejuvenati' j the neighboui. od co-creationally.

e For the public sector: complying v .n ancd delivering strategic climate goals,
implementing relevant mitigation me .ures; ' Josting innovating; bringing the best
external and foreign expertise to the city

o For the private sector: testbed for innovau. solutions and services.

6.3.2. Technological solutions

The Tartu PEN centres around ° ~ renov. ‘on of two apartment buildings, one privately
owned (Uus 1) and one a city-c .ned . cial hou = (Mdisavahe 67). Both are five-story buildings
and in dire need of renovati 1. EV ¢ arnere near the houses and in the neighbourhood, an
innovative thermal storagc -olutic , ana ouier renewable energy production and storage
solutions complement the eme. © § PEN.

The objective of the ™ ..««. “N dei. nstration is to:

o Fully renc  ate two apa ment buildings using prefabricated panels to demonstrate
their efficie. »» and feasit ity in high-rise renovations.

e Implement, te. nd nmr nitor various technological innovations such as

o thermal si. - e that links to the Tartu Living Lab district heating area and
integrates muiiiple sources of heat, collecting industrial residuals, surplus from
air conditioning and renewables, and converting excess PV electricity to heat;
connected through a community heat network it acts as a buffer that balances
generation and consumption, with effectiveness increasing as the network
grows and diversifies;

o BIPV that has never been implemented in apartment building renovation in
Estonia but is increasingly important in achieving PEN-level energy-efficiency;

o PV panel battery with inverter for crisis situations.

e Create a digital twin for a representative high-rise residential neighbourhood
which provides a validated neighbourhood-scale baseline that quantifies hourly
heating and electricity demand, compares and optimises renovation and energy
transition scenarios, identifies required envelope and system upgrades, evaluates the
technical and operational potential of building-integrated PV under real urban
constraints to maximise local self-consumption, and supplies actionable evidence for
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stakeholders to plan short-term renovations and long-term pathways to climate
neutrality.

¢ Involve the residents of Annelinn in the abovementioned innovations through
engagement and co-creation.

In  short, the following technological
interventions are planned in the Tartu PEN:

e Uus 1 apartment building renova-
tion
o Deep renovation with prefab-
ricated panels, including in-
stallation of ventilation with
heat recovery
o PV on the roof and facade
(BIPV) of the building with a
battery storage solution
o Joint purchase of electricit
(renewable energy comr .-
nity)
o Home automation with smart
metering
o EV chargers
e Moisavahe 67 social hc sir |
apartment building re~ovation

o Deep renov .on v ‘h prefe - Figure 32: Thermal storage by GREN.
ricated pa :ls Source: GREN.

o Installatic = of ve .uiation with
heat recovei, d a noise attenuator
o Tes' _ ~nine-. ey prefabricated panel renovation solution on one end
w i testing . mid-belt connection detail to distribute the load of the prefab-
cated panels nto the building’s wall structure, resulting in the panels on
tii. “our lower toreys being supported by the foundation, while the panel
onthe noer storey is supported by the mid-belt
o PV onthe Jof and fagade (BIPV) of the building with a battery storage so-
lution
o Joint purchase of electricity (renewable energy community)
o EV chargers
e Thermal storage
e Other
o EV charging in the district

Complimentary to the oPEN Lab project, the nearby Raatuse school will also receive PV on
the roof and fagade of the schoolhouse with a battery storage solution, including an inverter
for use in crisis situations. A PV-panel-covered roof for one bike sharing dock will also be
tested and installed.

104



‘zmber 2025). Source: Annika Urbas.

Figure 33: Mdisavahe 67 renovation ir. ‘rogres

A

Renovation as a Service

RaaS is a free renovatior suppor =-mi= ~ |87] for apartment buildings to help housing
associations plan renovatic. and ccure extra funding from the national grant scheme. The
goal is to raise the housing as. 1ation boards’ and residents’ understanding of renovation
options, funding sourc nd coi. ‘ions. The programme is co-funded by the European
Investment Bank toc ner witi. ~e City of Tartu and runs from May 2023 to June 2026. Work
is organised thror ;n regular m ~tings with each housing association and its board. The
service guides bui. 1as through = ree stages:

1) Preparation 1ic  'p * . 150 associations: mapping renovation needs, producing a
written technical ove iew, issuing energy labels from consumption data, drafting
design briefs and preliminary budgets aligned with funding institution’s rules, estimating
owners’ payments before/after renovation, seeking initial loan terms from banks, and
providing template contracts (technical consultant, design, construction, supervision).

2) Decision-making for 50 associations: training days for boards, solar PV
simulations (including shading and payback), and refined financials based on
construction bids.

3) Contracting for 25 associations: final financing after tenders, hands-on support to
reach signed construction contracts, plus guidance and trainings on construction quality
control.
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6.4. Moving towards an organisational PEN model in Tartu

This chapter outlines the organisational models of the Tartu PEN, examining how governance,
operations, financing and ownership are structured to support long-term sustainability.
Grounded in local conditions and stakeholder dynamics, the model reflects a context-specific
approach to managing energy renovation and innovation at neighbourhood scale.

7~ N\
| Context Il Living > Il PEN
level Lab level Level

Figure 34: Chapter 6.4 explores the PEN level in Tart.. ~ource: authors.

6.4.1. PEN vision

The Tartu PEN is situated in the Annelinn district, ¢ ~rge post-socialist housing estate with
a population of around 24,500 and Aa building stc. consisting mainly of prefabricated
apartment blocks from the Soviet occ a...  2rind. Trie neighbourhood is experiencing a
deteriorating building stock, poor energ, =fficic .cy, . sual decline, and social issues, all of
which highlight a pressing need for revitali. ti 1.

The Tartu PEN focal points arr i vo apa ment buildings at Uus 1 and Mdisavahe 67,
and the Raatuse school, wk .n are 1e main .ites of the deployment of the technological
innovations.
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OPEN Lab project area
1:10 000

[] oPEN Lab pilot area
]  OPEN Lab focus area

:] Tartu city boundary

G _oPEN Lab

Figure 35: Tartu PEN area o. 1 map oouu. :: Tartu City Government.

The vision of the Tartu PEN . to ¢ monsti ‘e a model, in which housing associations
and residents are supportc . throu n nrefab.icated deep energy renovation, renewable
energy integration and nc “hbou' .suu-scale energy solutions. The PEN seeks to deliver
not only lower energy use a.  missions but also a better living environment, improved
comfort, increased pror~v valuc  and community empowerment. Therefore, PEN is not
merely a technical c¢mons. tion L. . also a social innovation process, fostering trust,
municipal leadersh’ and co-cre. ‘on with residents.

The jointly created . +u PEN m: (o is: Let’s renovate Tartu dwellings and improve the living
environment together w.  the ¢ . mmunity!

The aims of Tartu PEN are:

o Test atechnically innovative renovation solution that combines prefabricated panel
renovations on (high-rise) apartment buildings, energy production and storage
solutions and energy savings.

e Pilot BIPV which is a new technology in not only the Tartu PEN but also the country
as a whole — the approach is very important for high-rise buildings where roof surface
for PVs is limited.

o Overcome renovation barriers by providing solid precedents of innovation along with
guidance materials and good practices.

e Provide feedback and lessons for the policy makers and stakeholders regarding
launching renovations and overcoming renovation barriers in both technically and
socially challenging environments.
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o Achieve the energy transition and climate objectives outlined in various national
action plans (Tartu Energy 2030+, Estonia’s long-term renovation strategy etc.).

o Foster a sense of community in a culturally rich yet often overlooked area that is
frequently excluded from urban development initiatives.

In the Tartu case, the PEN principles are applied on a building level: after switching to joint
purchase of electricity, the residents will become an energy community — amending their
internal charter to reflect this and producing and consuming their own electricity, thereby
maximising on local production as there are limited opportunities to share surplus energy.
Additionally, the thermal heat solution by GREN will contribute to district heating by coupling
many energy sources across a community network, releasing heat when demand peaks. This
helps balance generation and consumption, shave peaks and fuel use, raise the share of
renewables and improve reliability and affordability for a wic' - mix of producers and consumers.

However, there are several barriers to why PEN cannc e fully realised in Estonia. From the
energy production and sharing perspective, the key o' :s.. 'ude:

o Limited flexibility in energy sharing betw ~en and witri. ~vartment buildings poses
challenges for the collective consumptior Jf locally produceu electricity. Currently, this
approach is restricted to common are s, as ¢ pplying electricity directly to private
apartments necessitates a unified cc ‘ract © .th the electricity DSO. Additionally, it
requires internal sub-metering and all iers to transition from individual retail
contracts to a collective energy purchasing ni. =l

o Insufficient legislation gover . _ ~~aray sha. ng among housing associations:
while virtual sharing could theorc ically r . ble, there are no relevant regulations
or existing practices.

e Costly storage arbitrage: hiah netw « transfer fees and double grid taxation of stored
electricity undermine tt = puc ess ca  for batteries and other flexibility assets and

services.
e Limited DSO ince: ‘'ves: t' . i.icuwu.n Operator has few drivers to enable numerous
small urban PV and sic =~ connections; system planning favours centralised capacity

and grid reinforcement.

6.4.2. Gc rnance struc ure and models

The emerging Tartu F. ' is go z2rned by a grid of stakeholders who own the interventions:
residents, service and teci. gy providers and the local government. The governance of
the Tartu PEN is organised through a multi-layered structure:

Municipal leadership: The City of Tartu acts as the initiator and catalyst, coordinating the
PEN, co-funding Raa$S, and facilitating stakeholder engagement in various ways: information
events, workshops, public consultations and more.

Housing associations: These remain the ultimate decision-makers for private apartment
buildings, with collective voting procedures determining participation in renovation and energy
investments. In an energy community, the residents participate in energy production and
consumption and make collective decisions for the management of their energy system via
collective voting.

Service providers: Enefit (EV charging and storage) and GREN (district heating and thermal
storage) operate as asset owners and service providers with limited integration into a
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neighbourhood-wide governance framework. Construction companies offer renovation
services, which are secured through procurements, based on current market prices.

Research and consultancy partners (TREA, University of Tartu, TalTech, IBS) provide
technical validation and citizen engagement support for the PEN projects.

Decision-making authority is distributed. Housing associations hold final voting power on
whether their building undergoes renovation. The city orchestrates the overall process, but
consultants act as gatekeepers, since state rules require their involvement in renovation grant
applications. This creates a multi-actor governance model where influence is shared across
public, civic and private stakeholders.

6.4.3. Operational models

As mentioned above, on a building level, the Uus 1 and  “isavahe 67 apartment buildings will
produce and consume their own energy, storing tt = surg. - in a battery or selling it back to
the grid. In case of the former building, the owner of the systems 4 the main decision-making
body is the housing association. Regarding the M .savahe 67 socia. nouse, the owner is Tartu
city government with the battery and EV chargr s belor ~ing to the service provider (Enefit).

Energy systems integration:

e GREN, a local district heating and cooling pi. ‘der, supplies the neighbourhood with
district heating, which incorpc . ~n_innovau ¢ heat storage solution that uses
renewable, waste, and surplus b »t.

o Enefit manages the EV chargers a 1 tt . existing EV network of the district.

o Enefit manages the batterr and th. oattery management system that controls the
battery.

o Electricity is provider' oy vari Js supplicrs, which the consumers (local government,
housing associatior  or priv .c icsiucits) can choose from.

Maintenance and monitoring © hese systems is conducted by their respective owners.

In case of the Uus © nousirg 'ssocic .on, home automation solutions will assist them in
smart monitoring o .neir building  energy output and consumption. Apartment owners will be
able to monitor, ¢ ~trol and aut nate the room temperature and sun protection blinds; to
monitor air humidity, 9, and * .l volatile organic compounds level, water and electricity
consumption, building + * or Juction and current power source, building total energy
consumption and outdoor wc .ther indicators. The building manager will be able to remotely
control the heating and ventilation systems, monitor total consumptions and building digital
twin, get technical alert messages and send messages to apartment owners.

6.4.4. Financial models

The PEN financial model related to deep energy renovation is designed around minimising
resident burden while delivering systemic value. For residents, the renovation model provides
support in renovation planning (e.g,. Raa$S in Tartu), financing and implementation, reducing
complexity and transaction costs. For the public sector, it delivers progress on strategic climate
and innovation goals. For private companies, it serves as a testbed for new products and
services. The deep energy renovation projects in the PEN are financed partly through
EU project funding (for example oPEN Lab and Life IP BuildEst projects in Tartu) and
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municipal contributions, complemented by national renovation grants (EIS) and bank loans
taken by housing associations (see Figure 37).

In case of the Uus 1 apartment building, the state renovation grant and bank loan cover 45%
each, with EU project support covering the remaining 10%. Municipal support was offered in
the form of technical support, experience sharing and know-how. The Mdisavahe 67 social
house represents an exception as there, the municipality was the main financer of the
renovation due to the ownership structure.

State
renovation
grant

EU projects

- 0 | (oPEN Lab, Life
IP BuildEst,
etc.)

contributions

I ' Municipal
(Raas, etc.)

Bank loan taken
the housing
association

Figure 36: Deep renovatio. support sources in the emerging Tartu PEN. Source: authors.

The renovation grant scheme in Estonia by the Estonian Business and Innovation
Agency (EIS; formerly KredEx) [88] is meant for the renovation of residential buildings. Grants
support either full, deep energy renovation or targeted measures like replacing gas/solid-
fuel/electric heating with renewable systems or connecting to district heat. Eligible buildings
are typically pre-2000 apartments with an active housing association and works must match
the approved main design project. Calls open in the state e-grants portal for a defined window
whereby the applicant is the apartment association (or the municipality if it owns the whole
building), and a housing association resolution is required, i.e., a majority vote by the owners
in favour of renovation. However, in large apartment buildings with hundreds of apartment
owners, reaching consensus is very challenging. To address this issue, dedicated renovation
consultants are available to advise housing associations; however, most of the effort still relies
on volunteer-led housing associations.
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Despite financial models, the ambition for major renovations remains insufficient for PEN
applications. Estonia mandates an Energy Performance Certificate (EPC) class C for major
renovations (energy use of 126—150 kWh/m2-year), which falls short of what is needed for a
neighbourhood to achieve a positive energy balance. Additionally, there is also no requirement
to add on-site renewables in the National Long-Term Renovation Strategy (LTRS). Coupled
with only less than 10% of buildings having a valid EPC (a precondition to state-backed
renovation), and the caution of banks regarding storage and flex assets (e.g., batteries),
investment in PEN solutions remains low.

Revenue model

Due to various regulatory and financial barriers (see more in the Tartu PEN context chapter),
the financial models in Tartu PEN are still in the planning stages. However, there are a few
possible ways of funding and sustaining the Tartu PEN:

o Selling electricity to the grid — With effer . management of production and
consumption, a housing association could < il thei. rplus energy to the grid at a
favourable price. However, the current hich grid tariffs, . ~tricted access to the grid
(max power of 15kW), and the high rate ¢ on-site consumpuon limit this opportunity.

¢ Revenues from frequency services - a batte ; energy storage system (paired with
the solar park) can increase the on-si. ~ons! iption rate, export stored energy to the
grid, and provide grid-balancing (frequenc..  gulation) services. This typically requires
a contract with a service provider that dic, '‘ches the battery using optimisation
algorithms. Revenues from frec = services cc 1 help finance the PEN building; for
example, the revenue can hel, cover . >payments. On the other hand, grid
balancing strategies might limit ca' energy balance optimisation and risk PEN
objectives as the battery onerator dc . not focus on local consumption.

o Using solar energy a: <nc 'y sou. =s for EV chargers — in the Tartu PEN, EV
chargers will be instz ed nei the twc renovated houses. The housing association
could channel the s« arener.  _..___, or via batteries into EV charging stations, billing
the respective users ¢. =2 crvice (either external or residents of the house). However,
this is a theoretical optioi:, 's it is not currently achievable. When it comes to sharing
financial risks .. vond . > warranty period, those are always covered by the
owner.

e Renovatic grants —inE onia, apartment building renovations are financed primarily
with state gic ‘= and bar . loans with additional support from the municipality or EU
projects, where o, 'ica' :.

Still, relatively low energy prices in Estonia undermine the self-sustaining business case.
Calculations demonstrate that expected energy savings alone cannot cover deep energy
renovation costs. In addition, double grid fee taxation of storage, restrictions on collective self-
consumption and the lack of DSO obligations to buy local renewable energy limit opportunities
for additional revenue from surplus electricity or flexibility services. EV charging fees and
surplus sales remain theoretical.

In summary, the Tartu PEN financial model relies mostly on grants, municipal support and
loans, with little incentive for private investment. Additional revenue opportunities from local
energy production remain rather low. Without regulatory reform and new financial products that
value environmental, social and governance impacts, the model risks being difficult to sustain
without continued public support.
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6.4.5. Ownership models
Ownership structures in the Tartu PEN are fragmented across multiple actors:

e Housing associations own building-level assets such as PV systems and renovated
building elements.

e The municipality owns social housing assets and coordinates shared services in
municipal land.

¢ Private energy companies own and operate specific infrastructure: Enefit manages EV
charging points and batteries in public space, while GREN owns thermal storage assets
in the district heating system.

e Technical consultants as required by the national renovation grant scheme hold a
unique governance role: although they do not own physical assets, their legal role in
grant procedures gives them significant influence  /er renovation pathways.

This financial and ownership setup underlines the fr 4. ~nted organisational reality of the
Tartu PEN. No single actor integrates financial flow: or owi. =hip responsibilities across the
neighbourhood. This fragmentation increases trancaction costs, = mplicates coordination and
limits risk-sharing. It also makes it challengin to establish a r EN-level ownership and
operation model that would integrate energy fl© vs acrc s buildings. Nonetheless, the current
ownership structure demonstrates that muni ~alities ind housing associations can co-exist
with private providers, creating a hybrid owric * J regime. The challenge ahead lies in
developing mechanisms that allow joint owners. cooperative models, or contractual
frameworks (e.g. Energy Performance “~ntracting or o >rgy Services Companies) to better
integrate responsibilities.

6.5. Summary o’ (nc emei ling Tartu organisational PEN
model

Tartu shows how strong mu '~ al leadership, advanced digital tools and multi-actor
coordination can drive energy trc »ition in a high-density, post-socialist housing context. The
city’s approach builds _.i yc. » of ex. rimentation in smart city projects, combining technical
precision with socic sensitivity. Through the oPEN Living Lab and the RaaS model, Tartu
reduces transactic ' costs and m »Hilises homeowners, utilities and research partners around
shared goals. While  ~ PEN is s' |in formation, its evolution demonstrates how municipal-led
innovation can gradua... *rans’ rm fragmented apartment districts into integrated, energy-
efficient and data-informea . ;hbourhoods.

6.5.1. Context level
Structures

Tartu operates within a solid policy framework that actively promotes energy renovation
through national energy efficiency standards, municipal climate strategies and innovative
schemes such as RaaS. These instruments create a favourable foundation for PEN
development, particularly in the city’s dense housing estates. The presence of a district heating
network and the construction of a large-scale thermal storage facility provide the technical
infrastructure needed for sector coupling, peak management and greater renewable
integration. However, the fragmented ownership typical of post-socialist apartment blocks and
the intermittent availability of funding continue to slow progress. Although policies and
institutions are well aligned with PEN objectives, regulatory barriers on collective energy
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sharing and limited long-term financial mechanisms constrain the shift from individual building
renovation to neighbourhood-scale transformation.

Cultures

The cultural context of Tartu’s Annelinn district reflects both its diversity and its history. The
area combines long-term residents with younger and migrant populations, creating a varied
social context where attitudes towards renovation and sustainability differ widely. While many
households value comfort and reliability, financial caution and limited awareness can reduce
engagement in energy initiatives. To address these challenges, the city and its partners have
invested in inclusive and multilingual communication, working through community
intermediaries such as the Annelinna Association. This emphasis on dialogue and accessibility
helps build trust, enabling residents to see renovation as both a technical and a social
improvement. Over time, this approach has strengthened ¢ >~mmunity cohesion and increased
openness to collective solutions, positioning culture as a ' :y enabler of long-term behavioural
change.

Networks

Tartu’s institutional and innovation networks orm one of its greatest strengths. The
municipality leads coordination and strategic pl= ning, s::nported by the Tartu Regional Energy
Agency, universities and private companies ¢ ‘h as F cfit and GREN. Together, these actors
create a coherent ecosystem that connects re. »r |, policy and implementation. This cross-
sector collaboration allows for effective testing aric ~aling of new concepts such as digital
twins, prefabricated renovation and district-level energ  storage. While public and research
partners provide technical and organis. "oni.  #*v_continued integration of private actors
and community representatives will be es =ntia' or tic network to evolve into a self-sustaining
governance structure.

6.5.2. oPEN Lab le :I
Organisational setup

The oPEN Lab in Tar* “nons a.  collaborative platform that bridges municipal policy,
technical innovation .nd socic. ~xperiinentation. The City of Tartu coordinates the initiative,
coordinating tech cal partners and ensuring alignment with local energy and climate
objectives. Regu.. working ¢ bup meetings and transparent communication foster
cooperation among pu. ~. prive’  and civic stakeholders. The RaaS model simplifies complex
renovation processes by o 'ir ; technical expertise, financing and project management under
one framework, thus lowering parriers for apartment associations. Through this structure, the
OPEN Lab has become a practical driver of large-scale renovation, translating strategic
ambitions into operational reality.

Citizen engagement and co-creation

Citizen engagement in Tartu builds on a long tradition of participatory governance and
open communication. Residents are involved through workshops, consultations and pilot
demonstrations that focus on both technical and social dimensions of renovation. Interactive
tools, home automation showcases and participatory budgeting initiatives give residents
tangible ways to influence local decisions. However, engagement intensity varies across
buildings, reflecting differences in motivation and leadership within housing associations. The
city’s consistent effort to sustain dialogue - through multilingual communication and on-site
intermediaries - has been vital to maintaining trust and participation in a diverse community
environment.
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Technological solutions

The technological foundation of Tartu’'s emerging PEN integrates prefabricated deep
renovation packages, building-integrated photovoltaics, battery storage and smart energy
management systems. A high-fidelity digital twin supports planning, validation and real-time
optimisation, improving both design quality and investment reliability. The integration of large-
scale thermal storage into the district heating network enhances flexibility and enables greater
renewable uptake. This combination of technologies shows how innovation can be adapted
to a dense urban environment, balancing advanced solutions with practical feasibility and
social inclusiveness.

6.5.3. PEN level
PEN vision

Tartu’s vision for its PEN is incremental and pragnm .c. . “ther than aiming for immediate
energy autonomy, the city focuses on building a repi.cable mc ! of smart, low-carbon living.
The goal is to transform high-density apartment ar is into energy- ficient, comfortable and
socially cohesive neighbourhoods through d :p renovation, digitalisation and coordinated
energy management. The emphasis is on crez .1g the © .nditions for a future PEN - technically,
institutionally and socially - rather than achievi.  full nergy positivity in the short term.

Governance structure and model

The governance model is multi-layere ai.. ~arative. The City of Tartu provides overall
coordination and policy direction, while i ‘usinc asscc.ations act as key decision-makers for
building-level renovation. Utilities, univer ‘tic . and energy agencies contribute technical,
financial and communication anort. , though the arrangement enables inclusive
participation and cross-sector coorc 1ation,  remains largely project-based and lacks a
permanent structure dedic ied tc PEN aquvernance. The challenge ahead lies in
institutionalising these co!" ~orativ: ..icuiiaiusms to ensure continuity beyond the current
project cycle.

Operational model

Operationally, the artu PEN . developing around building-level energy communities
connected throug shared infras ucture such as the district heating network and thermal
storage. Prefabricaic renovatic ., home automation and smart energy systems optimise
consumption patterns ai.  ~na’ e flexible operation. However, due to regulatory restrictions,
direct energy sharing betwe. = buildings remains limited. The city therefore focuses on local
optimisation and long-term planning, laying the groundwork for future inter-building exchange
once regulations evolve.

Financial model

The financial framework combines EU project funding, national renovation grants, municipal
support and private financing from banks and homeowners. While this blended approach
allows projects to proceed, it remains vulnerable to grant discontinuities and limited access
to affordable credit. Energy sales and flexibility markets do not yet provide sufficient returns to
sustain investment independently, making the financial model heavily reliant on public support
and coordination.
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Ownership model

Ownership structures in Tartu reflect the complexity of post-socialist housing systems,
with most buildings managed by apartment associations and technical assets owned by
separate public or private utilities. This fragmentation complicates collective investment and
long-term operation. Efforts to develop shared governance and maintenance models are under
way, but a unified ownership or cooperative framework for the PEN as a whole has yet to
emerge.

6.5.4. Emerging Tartu organisational PEN model

Tartu PEN in Annelinn is a municipality-led, dynamic model that interacts with the electricity
grid and the district-heating network. The city orchestrates jovernance and financing through
a living lab set-up and RaaS support, aligning the ork with wider climate goals and
coordinating a hybrid governance structure consisting i rious important public, private and
civic actors. While the local community is always en_ iged a. "2 ultimate decision-makers to
private homes renovation, the community governs »ce approaci.  still a work in progress as
the neighbourhood continues to evolve and rejur .nate.

The Tartu PEN also has a distinctly technols ically .iven side: prefabricated deep energy
renovations at Uus 1 and Madisavahe 67, up, 7 s and installations at Raatuse School,
building-integrated photovoltaics with batteries, EV . ~rging and home automation, all guided
by a high-fidelity digital twin that suppor*~ scenario tesu. ', hourly balancing and optimisation.
Sector coupling is further strengthened v iine_ "= = large-scale innovative thermal storage
solution, which improves flexibility, peak 1. 'nac ment and increases the share of renewables.

Operationally, building-level er~~~v comi 1nities maximise on-site use. Due to various
barriers within the supporting € Jsys. n (sucl. s regulatory limits on electricity sharing across
buildings) coupled with mod- .t mark . incentives, mean that progress relies on grants, loans
and partnerships rather the  ~ure r .necicwuins. Even so, the approach advances towards
annual positivity while delive. = omfort, resilience and a replicable pathway for dense, high-
rise retrofit contexts.

The core characteri: .cs of the. scent Tartu PEN include:

e Municipai... as a drivel using a living-lab set-up and RaaS to steer multi-owner
retrofits and er._ nemen

e Deep energy rei. - .ions coupled with innovation: renovations that deploy
prefabricated panels, SIPV with batteries, EV charging and home automation.

o District heating storage: the innovative thermal storage solution enables peak-
shaving and flexibility while remaining connected to the electricity grid.

e Building-level energy communities: maximising on-site consumption.

¢ Digital-twin—enabled planning and validation: assessing scenarios, optimising
envelopes and RES placement, and managing hourly demand/supply.

As such, the Tartu PEN best represents a dynamic PEN archetype with its grid-interactive,
renovation-led, district-heating-coupled approach. It is not autonomous in terms of energy
demand yet, nor is virtual energy sharing enabled due to regulatory barriers. The PEN creation
is mostly municipality-led and coordinated with a growing emphasis on co-creation and
training to fit a culturally diverse district.

The Tartu PEN is an effective model due to various reasons:
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¢ High-density apartment block context: as Annelinn’s five- to nine-storey apartment
blocks have limited roof area and complex ownership, a dynamic, grid-interactive
model that couples BIPV with district heating and storage makes higher renewable
uptake feasible within tight space and fabric constraints.

¢ Regulatory constraints: current regulations limit electricity sharing across buildings,
so a dynamic PEN that imports and exports within clear boundaries, and maximises
on-site self-consumption where possible, may be the most practical pathway under
present legislation in Estonia.

e Social acceptance and inclusion: city-led engagement, training and co-creation fit a
culturally diverse district, building trust and capability where purely bottom-up models
would most likely struggle to reach consensus at scale.

As for replicability and scale, prefabricated deep reno tion with BIPV, standardised PV
battery packages, EV charging and district heating ¢ .pling are modular and replicable,
allowing the city to extend the approach across simila:  ‘stricts or beyond while progressing
towards annual positivity.

Steering factors

Tartu’s PEN development benefits from stror ; muni ipal leadership and an established
living lab framework that effectively coordir res st= cholders and lowers transaction costs
through the RaaS model. The city leveragesits «.. *r’ .t heating network and newly developed
large-scale thermal storage to achieve sectoi ~upling, peak shaving and increased
renewable energy integration. A high #delity digita: in supports precise, hour-by-hour

energy modelling, investment validac 'n .. ~arational optimisation, which enhances
planning accuracy and reduces proj ~t ric .. 1ne implementation of standardised,
prefabricated deep-renovation package.  Jr high-rise buildings - combined with BIPV,
batteries, EV charging and hor® ~utomat. » - strengthens scalability and cost-efficiency.

Additionally, active partners’ .ps L ‘ween . 2 municipality, utilities, universities and the
regional energy agency € sure t chnical robustness, credibility and effective citizen
engagement. Access to bk nded ..ianciny, including EU and national grants alongside
municipal support, further unac s Tartu’s capacity to pilot and replicate PEN solutions.

Hindering factors

Despite these strer |ihs, severai ructural and regulatory barriers continue to constrain the full
realisation of PE. in Tartu. C Trent regulations on collective self-consumption and
energy sharing pre. f seaml ,s energy exchange between buildings, while unanimous
consent requirements . inir procurement slow decision-making in multi-owner apartment
blocks. The business case .. . storage and flexibility remains weak due to double grid fees,
high network tariffs and relatively modest energy prices. Fragmented ownership structures
across numerous apartment associations create coordination challenges and delays in
renovation decisions. Financial barriers persist as grant availability fluctuates, banks remain
cautious towards novel energy assets and existing renovation standards lack ambition. On the
technical side, physical limitations in dense high-rise estates - such as restricted roof space,
shading and outdated building envelopes - complicate renewable integration. Finally, inflation
and supply-chain volatility have increased capital costs and delivery risks, underscoring the
need for stronger long-term financial and regulatory stability to sustain the city’s transition
towards fully operational PENSs.

For a summary of the emerging organisational PEN model in Tartu, see Figure 38 below.
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Snapshot

TARTU - emerging
tGChHOLOglcally dnven dynamlc Key actors: City of Tartu, housing associations, TREA, Enefit, GREN,
PEN model universities.

A data-enabled, renovation-driven and municipally led Technical focus: Digital twin, prefabricated deep renovation,
pathway for dense housing districts BIPV+batteries, EV charging, DH + thermal storage.

Pilot area: Annelinn district; high-density post-socialist apartment blocks.

Social context: Diverse residents with mixed awareness and financial
capacity.

Living Lab Emerging PEN features
Context overview h'lgh'.'lghts PEN vision - incremental creation of

smart, low-carbon, comfortable
Organisational sets neighbourhoods.
Structures - strong policy support; RaaS enables municipality-le@880rdination; RaaS
coordinated renovation; district heating + thermal reduces tragh Clion barriers.
storage provide essential flexibility; ownership Citizen engd ment - il Wshops, . o
fragmentation and regulatory limits on electricity demos, particl komfll tdgeting; Operational model - building-level
sharing persist. —— T energy communities + DH sector

: - : coupling; electricity sharing still
Cultures - mixed demographic; caution toward Tew Bmlogical solt thns - deep g e L
renovation; multilingual communication and Lol with pret ication, BIPV - ol Blonden s
intermediaries build trust. batteria somation Migital twin nancial model - blended nnance;

. . - > e — grant-dependent; weak market
Networlts - strong collaboration across public, priva Sablgt reciS& mnning and incentives
and research sectors; need for more permanens ¢ Wisation; therinal storage -

multilevel governance structures. ellhnces renewable integration. Ownership model - fragmented
apartment associations; complex

coordination environment.

Steeriv jiacc s Hindering factors

Governance - cooperative, multi-actor
model; no dedicated PEN entity yet.

Strong municipal leadeli o + inoovation & systen Legal limits on electricity sharing.

Weak business case for flexibility/storage.
Fragmented ownership slows decisions.

Funding volatility and rising costs.

Limited roof space and high-rise building constraints.

Heritage-sensitive, socially “iclusive engag nent.

Pilot experimentation aligns' " th region# (imate
frameworks

Tartu exemplifies a technologically driven dynamic PEN model, where
digitalisation, prefabrication and district heating integration create a scalable path
e A ; B orenvan

KeV takeawav for transforming dense apartment districts despite regulatory and ownership
challenges.

Figure 37: Emerging organisational PEN model in Tartu. Source: authors.
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7.Emerging PEN organisational models in oPEN Lab

The comparative analysis presented in this chapter benchmarks the three oPEN Lab case
studies - Genk, Pamplona and Tartu - to identify patterns, differences and transferable
lessons in the development of PENs. The benchmarking approach builds on the three
analytical levels (context, Living Lab and PEN) and integrates two complementary archetype
frameworks resulting from the literature analysis: (i) organisational archetypes, describing
governance orientation - technologically driven, community-centric or policy-driven; and (ii)
systemic archetypes, describing the energy boundary and system configuration -
autonomous, dynamic or virtual. This integrated framework allows each case study to be
positioned both in terms of its organisational logic (who drives the transition and how) and its
systemic operation (how energy is produced, exchanged and balanced).

71. Comparison and benchn irn 19 of emerging PEN
organisational models in oPEN Lab

7.1.1. Comparison across analytical ' vels

= ke' orchestrators of PEN development.
Technologically, the trajectories highlight . use of advanced solutions, but
organisationally, it is very much an ongoing process th no finished models. All three PENs
remain transitional, moving from pilc " ~c2d coordiri. ion towards more systemic, self-
sustaining neighbourhood energy moc 's, wiu ~! factors such as heritage protection,
housing typologies, regulatory design anc soc’ . dynamics shape how each city defines and

Across all three cases, municipalities act

operationalises the PEN concept (see Tabi. © pelow).
AIEWAIEL Ger’ Pamplona Tartu
level
Post-indusigg C':[y ' Policy-mature city with  Technically advanced
strong mu. v i . ; .
; integrated climate smart city, robust
leadershin suppoi. ~ but ” .
Context fratiTETIeRRLOlic strategy, strong citizen  energy infrastructure,
level y A y focus and renewable complex ownership
fr- nework, fo. s on ! ; e X
y " integration, limited and regulatory barriers
F -itage-sensitiv and , . C . .
" . . financial autonomy. in high-rise housing.
socCla. ~using ren vation.
Munic,, ' -led Co-governed by city, Municipality-led RaaS
) , ; framework, deep
experimental environment academia, and . )
. . . integration of research
Living centred on Thor Park, community, strong )
. . iy S and private partners,
Lab level collaboration with citizen participation o
X . participatory
EnergyVille, moderate through co-creation .
o . . L engagement via
citizen involvement. and visualisation tools. . L
housing associations.
Early-stage PEN focused  Virtual energy sharing Emerging PEN
on renovation and between a public and integrating district
efficiency in Waterschei private site, digital heating, BIPV, storage
PEN level and Nieuw Texas, integration and and digital twin, no

fragmented ownership and
strong reliance on public
funding.

participatory
governance, currently
project-funded.

energy sharing yet,
blended finance and
fragmented ownership.

Table 5: Case study comparison across analytical levels. Source: authors.



7.1.2. Comparison by organisational archetype

The three cases represent distinct governance logics within the organisational archetype
framework (see also Table 6). Genk exemplifies a policy-driven model, where municipal and
regional authorities guide direction. Pamplona embodies a community-centric approach,
leveraging citizen engagement and shared learning to drive transformation. Tartu aligns with
a technologically driven archetype, using data and innovation as the primary enablers of
systemic change. While these categories simplify complex realities, the cases show increasing
hybridity - combining elements of technology, policy and participation. The most promising
PENSs are those able to integrate these three orientations coherently.

Archetype

di . Genk Pamplona Tartu
imension
DP""“"’!"‘ Policy-driven Community-- = ‘ric Technologically driven
orientation
Main Municipality and - . Municipal leadership
) ) Citizen co: -~reation ana R
governance regional policy - e supported by research
- municir . facilitation
driver frameworks and other stakeholders
Cooperation with
Role of EnergyVille and City “ou il and universities, utilities,
innovation Thor Park as UPV/. ''Jas service providers,
actors technical backbone  narticipatory ic. 'tators regulators, and other
stakeholders
Moderate, guided by < on , embedded in Structureq .bUt wHIm_gness
ie P L to participate varies
Citizen role institutional de n and decision- :
: across housing
structures making -
associations
. High (L™ \P, "= (SECAP 2030, High (national renovation
Policy . _ . .
h Flemish ¢ nate national energy strategy, local climate and
alignment . .
targets) community frameworks) smart city goals)
o . 4 High for socially High in apartment
1
Repllcat_lon Higeih pONGipled inclusive and virtual building dominated,
potential po -industrial ¢ ‘es L )
energy models district-heating contexts

Table 6: Casc ‘1dy com' irison by organisational archetype. Source: authors.

7.1.3. Comparison by energy system archetype

Systemically, Pamplona represents the most advanced virtual model, demonstrating how
energy sharing can occur across non-contiguous assets via digital platforms. Tartu and Genk,
meanwhile, fall under the dynamic archetype, focusing on grid-interactive operation and time-
shifted balancing within defined spatial boundaries. Across cases, the move towards
autonomous configurations remains limited, largely due to national regulatory constraints on
local energy markets and self-consumption frameworks. See comparison in Table 7.
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Dimension Genk Pamplona Tartu
Archetype Dynamic (moving towards Virtual (multi-site , Dynamic (Q|str|.ct.-
osition local balancing) aggregation) integrated with digital
P 9 ggreg optimisation)
Fixed neighbourhood Virtual linkage . .
VT (Waterschei-Nieuw between dispersed Fixed nelghpourhood
boundary . (Annelinn)
Texas) sites
- High self-consumption
Energy Limited, equrt-focused, Virtual import/export on building level,
exchange no collective self- o . X AN
. via digital energy flows integration with district
type consumption . .
heating grid
. Medium virtual Medium - local
Autonomy Low - de_pendent on grid balancir = ~tween flexibility and district
level imports L .
Ates heating integration
Real-*ime optimisa. »
Operational Energy efficiency and and energy Storage, flexibility and
focus renovation com: ~unity demand optimisation

dev: opment

Table 7: Case study comparison by energy  =tem archetype. Source: authors.

7.1.4. Comparison of steering nd hir .e:.. | factors

Across all three cities, strong local gove. nce and cross-sector collaboration are key
enabling factors, while regulat ., 1idity « ‘d financial fragmentation remain persistent
barriers (see also Table 8). T' > com; irative a. ilysis confirms that systemic scaling of PENs
will require sustained regule ury refc ‘~rm financing mechanisms and institutionalised
governance structures.

Category Senk Pamplona Tartu
c.ong .. nicipas Progressive policy Strong governance
lc .dership, in. yration context, high citizen  and planning capacity,
Steering vith regional | licy, participation, virtual advanced digital and
factors hust rese ch energy-sharing model, technical
ecosy ~m, ' .ritage- strong education and infrastructure,
sensitive  iovation. outreach. effective PPPs.
Regulatory barriers to Financial erendency Regulatory const'ralnts
4 on public grants, on energy sharing,
collective self- o
Hinderin consumption, fragmented I|m|tgd regu!atory complgx property
l g : ’ . clarity for virtual ownership structures,
factors funding and ownership,

dependence on project
cycles.

energy, uncertain
long-term citizen
engagement.

limited financial
incentives for flexibility
and storage.

Table 8: Case study comparison of steering and hindering factors. Source: authors.

120



7.1.5. Cross-case synthesis and takeaways

The benchmarking reveals three complementary trajectories for PEN development in oPEN
Lab (Table 9). Genk demonstrates how policy leadership can catalyse systemic innovation in
post-industrial contexts. Pamplona exemplifies the social dimension of the energy transition
through virtual community models. Tartu illustrates the role of technology and data in
integrating systems at scale. Together, they form a continuum of PEN evolution, showing
that successful neighbourhood transformation relies on balancing policy, community and
technology according to local conditions.

Organisational Systemic Maturity Key

CEEE archetype archetype stage o2 S constraint
Strong public Limited
o . Early coordination, energy-sharing
Genk Policy-driven  Dynamic stage regulatory and financing
exp mentation integration
Partic., :tory Grant
Community- . _arly governance and dependency
Pamplona centric Virtual stage digital energy and regulatory
exchange ambiguity
: Limited
Integration of . .
Technologically Early digital twin financial
Tartu ; Dyn. i . incentives and
driven sector coupling, I
RaaS regu gtory
barriers

Table 9: .u. -case sy ‘hesis. Source: authors.

Genk is an example of an ¢ aergin policv-ariven, dynamic organisational model. This
model reflects the city’s st ng mu _ipar courdination capacity and alignment with regional
and national climate framewc. ositioning the municipality as a system orchestrator rather
than a single project imnlemeni. The Genk PEN operates within a dynamic systemic
configuration - it rc .ains “d-coi. cted and dependent on external energy flows, but
increasingly experir ents with ic al balancing, renewable generation and building retrofitting
at neighbourhoo: scale. Its sti ngth lies in institutional leadership and partnership
integration, particu. v through nor Park and EnergyVille, which provide a strong research
and innovation backbc Ho cver, the model's progress is constrained by regulatory
fragmentation, funding « ontinuity and limited community-level ownership, which
keep it in an early, preparatory stage of PEN development. Genk thus illustrates how a policy-
anchored city can leverage innovation ecosystems to build the governance, technical and
financial preconditions for full neighbourhood-scale energy transition.

Pamplona is an example of an emerging community-centric hybrid model with dynamic—
virtual characteristics. Its organisational setup combines municipal leadership with
cooperative and citizen engagement, forming a distributed governance arrangement that
balances institutional structure with local participation. The PEN'’s systemic boundary is hybrid
in nature: while it maintains a fixed local geography, it also pilots virtual integration of energy
assets and services across multiple sites, aligning with Spain’s enabling regulatory
environment for collective self-consumption. The model's key strength lies in inclusive
governance and social legitimacy, which allow experimentation with cooperative ownership,
future local financing and energy-sharing schemes. At the same time, the approach faces
constraints related to dependency on municipal facilitation and limited long-term
business models. Pamplona’s trajectory reflects an emerging PEN ecosystem, trying to
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transition from project-based engagement towards a more permanent, multi-actor governance
framework that can support broader urban decarbonisation goals.

Tartu is an example of an emerging technologically driven, dynamic-autonomous model.
It builds on a mature municipal governance structure and a well-developed technical
foundation integrating digital twins, district heating, thermal storage and a prefabricated
renovation approach. Organisationally, it exemplifies municipal-led governance, where the
city coordinates stakeholders, research partners and private firms to operationalise data-driven
energy management. Systemically, Tartu represents the dynamic archetype - still relying on
the grid but increasingly capable of local optimisation, flexibility and storage-based balancing.
The city’s key strengths include high digitalisation, technical integration and effective
cross-sector collaboration, enabling it to act as a frontrunner in systemic innovation. Yet, the
model remains limited by complex apartment/property ownership structures, regulatory
constraints on energy sharing and uncertain finz cial incentives for both deep
renovations and flexibility, which hinder full self-¢ ificiency. Tartu thus represents a
technologically advanced but institutionally evolving . ' ecosystem, demonstrating how
digitalisation can accelerate the transition towards a: onomc  and sustainable urban energy
districts.

7.2. Comparison and benc. ma King takeaways

The benchmarking reveals that while each PEN ope. '=s within distinct institutional, technical
and cultural conditions, several comm« ~raanisation. features underpin their emergence
and potential for replication across cont. ‘ts:

e Municipal leadership as the ¢ 2 isational anchor. In all three cities, local
governments act as the = ‘mary orc sstrators of PEN development, either through
direct management (€ :nk, artu) o through facilitative governance frameworks
(Pamplona). Municit 4l coo iination ensures policy continuity, legitimacy and
integration with b ader ¢ ..iac «id energy objectives, even when technical
implementation is dele_ *< . to partners.

o Collaborative nance ‘*ructures enabling inclusiveness and legitimacy.
Each case ¢ .nonstraw. the giowing importance of multi-actor arrangements - from
public—priv e partnershi;  and research consortia to community energy groups - in
structuring . cision-makir |, sharing risk and ensuring local acceptance. These hybrid
governance 1c s bale ce institutional authority with participatory mechanisms,
strengthening owri. ~k  and accountability.

o Integrated and cross-sectoral operational models. The most effective
configurations link building renovation, renewable generation, mobility and digital
systems into a coherent neighbourhood-scale logic. Such integration improves energy
efficiency, enables real-time optimisation and enhances user engagement. However,
this complexity requires well-defined coordination mechanisms, robust data
management and clear role division among actors.

o Evolving financial architectures and business models. None of the analysed PENs
currently operate on a fully self-sustaining basis. Financial viability depends on layered
funding - combining EU or national grants, municipal support and, in some cases,
private investment. Long-term sustainability will require stable revenue models and
enabling regulatory frameworks for collective investment.

o Contextual and adaptive design as a precondition for success. The benchmarking
demonstrates that there is no universal PEN blueprint. Effective organisational setups
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are those tailored to local regulatory, market and social conditions, aligning governance
capacity, technological maturity and community priorities. Adaptation, rather than
replication, is therefore the key to scaling PEN concepts across diverse European
urban contexts.

The study reveals that there is no single organisational blueprint for PENs. Instead, PENs
develop as context-specific and evolving systems, influenced by local governance
capacities, social dynamics, regulatory conditions and technical maturity. The comparative
analysis of Genk, Pamplona and Tartu demonstrates that each city is charting its own pathway
towards neighbourhood-scale energy transition, shaped by its institutional traditions, planning
culture and socio-economic conditions.

The analysis also highlights that the PENs in Genk, Pamplona and Tartu are still in early,
formative stages of development. None of the cities yet ¢ »erates a fully functional PEN with
integrated, autonomous energy management systems. I .tead, each represents a snapshot
of an evolving ecosystem, where local institutions ‘=chnologies and communities are
progressively aligning around the PEN concept. In th’ seric  the archetypes identified in this
deliverable - whether policy-driven, technologically diiven or cc. munity-centric; autonomous,
dynamic or virtual - should be understood as ¢ aerging pattei. 5 rather than definitive
categories. They capture the direction in » iich each city is moving, not a finalised
organisational or technical state.

The current findings thus offer a baseline unde: iding of how diverse urban contexts are
converging towards the PEN model. Genk exemp. ~s a policy-driven and innovation-
oriented pathway, led by strong m "=inal coordiric .on and institutional partnerships.
Pamplona represents a hybrid govei ance . ' balancing municipal leadership with
cooperative and private-sector participatic  Te u demonstrates a technologically advanced
and data-driven approach, leveraging its . .l twin, district heating infrastructure and living
lab governance to test scalak’ . utions. ‘ogether, these cases illustrate the range of
organisational configurations * .at Eui pean ci. s can adopt as stepping stones towards fully
operational PENSs.

For a cross-case summary . ‘" . three case studies and their emerging PEN models, see
Figure 39 below.
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Snapshot

CROSS'CASE BENCH MARKING All three pilots are in an early, foundational phase — no city has a fully operational PEN
GENK | PAMPLONA | TARTU o

All three pilots show PEN building blocks emerging across renovation, digital tools,
A comparative snapshot of three emerging PEN trajectories governance and stakeholder ecosystems.

Technologically, the trajectories highlight the use of advanced solutions, but
organisationally, it is very much an ongoing process with no finished models — as such,
the pilots represent early pathways towards PENs, not end states.

Maturity
Core strength
Key constraint
Distinctive innovations

Emerging PEN models

GENK

Early (preparatory PEN ecosystem).

Str municipal coordination +
innovation ecosystem.

Regulatory barriers to energy sharing;
fragmented financing.

Institutional ecosystem
(Thor Park, EnergyVille) as transition
backbone.
Municipal-led integrated
innovation model (policy-driven +

PAMPLONA

Early (connected pilots}

High citizen engag&ii€nt + digital
enexgl Sharing.

Grantg@ii¥ndency; distance-based
regulatory lithits.

Virtua S Exchange + deep
comniiiity participation.

¢ punity-ce virtual energy
A earticipiiory + digital).

TARTU

Early (but technically advanced).

Digital twin + sector coupling +
prefabricated renovation.

Ownership fragmentation; regulatory
limits on energy sharing; grant
dependency.

Digital twin + district heating storage

enabling sector coupling.

Technologically driven dynamic
model (data-led + renovation-heavy).

dynamic)

Common drivers Common barriers

Strang municipal leadership in all three cases. . ) )

. . : . . Lack of long-term financial models beyond pilot funding.
Clear climate-policy alignment at natimiiima nicip 3G ) ) ) =
Regulatory barriers to energy sharing (energy sharing limitations, storage

Cross-sector cooperation linkingl8#€arch, Utils, coni@nities and private taxation, distance rules, grid fees).

actors.
Fragmented ownership (Tartu, Genk) or mixed tenure (Pamplona) hindering

Technological experimentati@@8hrough Living Laleducirfi@@acertainty and collective action.

creating replicable models. . .

. . ) ’ N . No city has yet reached full PEN maturity.
Social inclusion strategies ensurifi@hat renovatiQl¥ equitable and culturally .. _ . .. o .
grounded. Need to institutionalise citizen participation beyond the project lifecycle.

Early but meaningful steps toward en@ gl ¥ fisation.

The three pilots demonstrate that PEN development does not follow a single pathway:
Genk advances through policy-led institutional innovation, Pamplona through
community-centric digital sharing, and Tartu through technology-enabled dynamic
optimisation. Their emerging organisational models form distinct strategies for future
replication, showing that successful PENs require a tailored balance of governance,
community engagement and technical integration.

Key takeaway

Figure 38: Cross-case summary of the emerging organisational PEN models in Genk, Pamplona and Tartu. Source: authors.
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7.3. Policy and replication implications

Moving forward, scaling and replication will require structural adjustments that, most of all,
go beyond individual building-level projects. Institutionalising the lessons from these early
examples depends on coherent multi-level policy frameworks, regulatory flexibility for collective
ownership and energy sharing, and mechanisms to link demonstration projects with long-term
urban development strategies. Future replication efforts should therefore prioritise:

1. Strengthening regulatory flexibility and multi-level policy alignment, enabling mu-
nicipalities to coordinate energy, mobility and housing policies and to act as integrators
of neighbourhood-scale energy systems;

2. Shifting from project-based experimentation to ~ystemic integration, by embed-
ding PEN-related innovations into permanent go* inance structures, stable financing
mechanisms and long-term urban planning pror ses;

3. Fostering structured learning, capacity bu’ uing ~d cross-city exchange, allow-
ing cities to adapt PEN concepts to different s.arting pc.. > governance capacities and
local constraints without duplicating efforts

4. Developing enabling European regu' .ory frameworks for collective action, in-
cluding shared ownership models, collc .iive se' consumption, fair treatment of storage
and flexibility, and recognition of neigti. 'rhc .d-scale actors in energy markets.

First, the comparison underscores that regulaw. - flexibility and multi-level policy
alignment are prerequisites for maine = ~ming PENs.  lies such as Genk, Pamplona and
Tartu demonstrate that neighbourhood-. vel .. = flourishes when local authorities have
both the mandate and institutional aut nor , to coordinate energy, mobility and housing
policies. Future EU and national prograri -~ s should therefore prioritise frameworks that
empower municipalities to act # ... arators f multi-sectoral energy systems and facilitators
of collective action.

Second, the benchmarking eveals ..a.+ .« development requires a shift from project-
based experimentation to . = mic integration. While pilot initiatives are valuable for
demonstrating technical feasibilii, *heir long-term impact depends on the institutionalisation
of results through per .ane.. overi. ce mechanisms, stable financing instruments and
knowledge exchar e platforri.  European funding programmes - particularly within Horizon
Europe, the Missi 1 for Climate- z2utral and Smart Cities and Cohesion Policy instruments -
can play a decisive '= in bridg g this transition by linking innovation pilots to mainstream
policy implementation . ' inve: .nent planning.

Third, capacity building anu cross-city learning emerge as critical enablers of replication.
The diversity of pathways observed - policy-led in Genk, cooperative in Pamplona and
technology-oriented in Tartu - illustrates the need for flexible guidance that recognises different
starting points and governance capacities. A structured framework for peer learning and
exchange, combined with open-access knowledge tools, would allow cities to adapt PEN
concepts to their local realities without duplicating efforts.

Finally, the European regulatory environment must evolve to support collective
ownership, shared energy services and dynamic market participation. Enabling
frameworks for collective self-consumption, fair grid tariffs for storage and flexibility, and the
recognition of neighbourhood-scale actors as legitimate energy market participants will be
essential for turning emerging PENSs into stable, self-sustaining entities.

In sum, the results of this report underline that the evolution of PENs is both a technical and
institutional innovation process. The archetypes identified are not endpoints as such, but
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trajectories of governance and operation through which cities advance towards energy-
positive futures.

The case study cities described in this report continue to evolve. How these approaches
develop into sustainable PENs over time may provide useful continuous lessons for future
research and policymaking. Understanding such developments can support the wider
transition from pilot-scale projects towards more systemic urban and European energy
transformations.
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8.Conclusions & recommendations

The report applies a multi-level analytical framework to assess and benchmark the
organisational evolution of PENs in oPEN Lab. By combining the context, Living Lab and
PEN level structure with two complementary archetype typologies - organisational
(technology/community/policy) and systemic (autonomous/dynamicl/virtual) - the
methodology provides a structured, but still flexible means of comparing the diverse local
processes and PEN ecosystems.

This approach could be useful in revealing how contextual, institutional and technical
variables interact to shape PEN governance, organisation and implementation. It also
underscores the value of hybrid models that integrate policy direction, citizen agency and
technological innovation rather than relying on any single driver.

The comparative analysis shows that while each city has ogressed along different pathways,
their experiences converge on several key lessons:

1. Municipal leadership is indispensable - loca: authoritic  2ct as orchestrators, aligning
stakeholders and coordinating the comple .y of emerging . —Ns.

2. Regulatory frameworks remain the d¢ .isive constraint across all contexts, limiting
energy sharing and market participatic .

3. Citizen engagement is both an enab.. anc i challenge - social trust, inclusion and
continuity are necessary for sustained par..  »ation.

4. Financial sustainability is yet unresolved - a. "ENs depend on public funding rather
than mature business models?®

5. Digitalisation and integration espe .., 'irough data-driven tools and sector
coupling - represent critical enable  of Jperational efficiency and scaling potential.

Across Genk, Pamplona and T+ . 2ENs €. =rge not as fixed models, but as evolving and
dynamic organisational eco: ;stem  Their . ccess ultimately depends on how effectively
local actors combine gove iance, :hno'amy and community engagement into adaptive
frameworks.

For wider application bevond ti. nilot contexts, three enabling conditions consistently
emerge. Rather than © .gyec adirec =2plication, the findings indicate that PEN development
requires careful loc: adaptatioi upported by:

o Institutioric continuity. ?EN governance should be formalised within municipal
structures to a. ‘4 projer dependency.

o Market readiness. !« .rer regulatory support for local energy sharing and collective
ownership is needed.

e Social anchoring. PENSs thrive when citizens are co-designers and beneficiaries of the
transition, not just end-users.

Ultimately, the report reveals that there is no single PEN model, but rather a set of adaptable
organisational ecosystems shaped by context. The benchmarking framework introduced in this
deliverable offers a replicable tool for comparing and categorising future PENs, as a means to
develop place-based solutions supporting achieving energy and climate policy goals across
Europe.

Future work could build on this comparative foundation to explore the governance transitions
that enable PENs to move from project-based pilots to stable institutional

25 For PEN financing solutions, see the report Enabling finance for neighbourhood renovations (2025)
[24].
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configurations. Key questions include how to sustain citizen participation beyond project
cycles, how to integrate neighbourhood-level energy management into citywide systems and
how to design financial mechanisms that reward collective action and flexibility. At the policy
level, this requires bridging the gap between demonstration and regulation, ensuring that
lessons from local PEN experiments inform broader frameworks for climate-neutral urban
transformation.
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