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ABSTRACT

Increasing electricity demand from data centres, industrial applications, electric vehicles and domestic heating is creating pres-
sure to develop electricity systems in many parts of the world, but especially in Western countries. In response to challenges such
as grid congestion, interconnection queues and climate-related hazards, network operators, municipalities and entrepreneurs are
turning their attention to local solutions. Positive energy districts (PEDs) are emerging as a prominent new organisational model
to implement these solutions. The main objective of a PED is to achieve net-zero emissions on an annual basis, which requires
investments in local energy production and its flexible use. However, their success is not guaranteed, as they must overcome the
‘liability of newness’. PEDs require strong policy support and a shared understanding among diverse stakeholders, who often
have conflicting business objectives and interests. This article examines the legitimation processes of four distinct frontrunner
PED projects in Finland and qualitatively analyses the challenges associated with their legitimation. Drawing on the ecosystem
literature on legitimacy, we categorise legitimation efforts into identity creation, discursive legitimation and performative legit-
imation. The qualitative case analysis reveals that the primary legitimation challenges facing PEDs can be distilled into four
identity-creation dilemmas: (1) differentiation versus conformity in relationships with energy incumbents; (2) holistic versus
focused scope; (3) top-down versus bottom-up governance; (4) balancing timescales and uncertainties through stability versus
innovation. This paper contributes to the literature in two main ways. First, it explores the challenges that PEDs face in legitimis-
ing themselves. Second, it compares legitimation dynamics across industrial and residential PED contexts. The findings enhance
our understanding of PED creation processes and can inform the development of more effective policy support to facilitate their
diffusion.

1 | Introduction identify which organisational models can be replicated in dif-

ferent contexts (Sareen et al. 2022). The European Commission
Positive energy districts (PEDs) are regarded as an important urges member states to implement PEDs through various ini-
driver of the transition to low-carbon smart energy systems, tiatives, such as the Strategic Energy Technology (SET) Plan
based on flexible, district-scale energy management, because (PI Urban Europe/SET Plan Action 3.2 2020). This paper fol-
they generate learnings into how to use new technologies and lows this group's definition of PEDs as ‘energy-efficient and
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energy-flexible urban areas or groups of connected buildings
which produce net zero greenhouse gas emissions and actively
manage an annual local or regional surplus production of re-
newable energy’. PEDs can vary significantly depending on
the context, for example on how their geographic boundaries
are defined, how their energy balances are achieved and how
they interact with the surrounding energy system. For instance,
some PEDs may own energy production facilities outside the
district area, whereas in an autonomous PEDs, such as islands,
all energy is produced and consumed locally (Albert-Seifried
et al. 2022).

PEDs are closely related to other concepts, such as energy com-
munities and sustainable neighbourhoods, and in many cases,
the literature on these concepts is complementary (Brozovsky
et al. 2021; Fichera et al. 2025; Gjorgievski et al. 2021). The main
differentiating characteristic for PEDs comes from their high
ambition of annual energy production surplus and smart con-
trol across electricity, heating and cooling and transport sectors
(Brozovsky et al. 2021) whereas, for example, energy commu-
nities focus more on community-driven ownership models and
related issues like fairness of the value sharing, creation of social
value and promoting energy democracy (Fichera et al. 2025). As
PEDs combine different energy vectors under a single concept,
PEDs also face the differing regulatory environments of these
energy vectors. For example, electricity distribution is a natu-
ral monopoly business with strict national rules for tariff setting
and revenue adoption (Decker 2023, Ch. 9), while district scale
heating networks are subject to varying regulatory environ-
ments across the EU member states (Billerbeck et al. 2023).

The diffusion of a new market entrant depends on their abil-
ity to ‘win acceptance’ for the innovative activity in general, as
well as on establishing their own legitimacy as actors within
the field (Suchman 1995). Large socio-technical systems, such
as energy systems, have technological lock-ins, institutional
commitments, organisational vested interests and behavioural
path dependencies that make it challenging for new entrants to
introduce new systems, such as PEDs (Seto et al. 2016). PEDs
consist of several stakeholders, all of whom have their own in-
terests and operating logics in the transition (Gohari et al. 2024).
Polycentric settings like PEDs decentralise accountability, own-
ership, control and authority at least on some level to the local
level (Brisbois 2020; Coy et al. 2023; Sareen et al. 2025). For in-
stance, urban planning does not typically include energy mat-
ters in an integrated way (PI Urban Europe/SET Plan Action
3.2 2020). Techno-economic conditions and opportunities are
constantly developing, including new digital business mod-
els (Ford et al. 2021; Hiteva and Foxon 2021), sector coupling
(Lowitzsch et al. 2020) and new legislation (Trevisan et al. 2023).
Because there is a lack of best practices and the solutions are
still context-specific (Gohari et al. 2024), these numerous stake-
holders operate in an uncertain and dynamic environment. For
PEDs to scale, the creation process should be theorised and de-
veloped across contexts (Karvonen et al. 2025). Because of this
ambiguity, it is hard for PED service providers and other stake-
holders to position themselves, invest in product development
and develop their offerings with partners. To accelerate the
transition towards PEDs, project leaders and other stakeholders
must overcome the ‘liability of newness’ (Suchman 1995) and
manage the legitimation process of PED creation in a coherent

way because the PED stakeholders and their actions are tightly
interconnected. Cracks in the ecosystem can have unintended
and dynamic consequences on other members (Wolsink 2020).

Therefore, this paper adopts an ecosystem-based perspective to
complement the previous PED governance studies. Ecosystem
is the evolving set of actors, activities, and artefacts and the in-
stitutions and relations, including complementary and substitute
relations, that are important for the innovative performance of an
actor or a population of actors (Granstrand and Holgersson 2020,
1). Essentially, ecosystem actors are autonomous and hierarchi-
cally independent actors which, however, possess complemen-
tarities that produce certain ‘surplus value’ when engaging in
collaboration (Jacobides et al. 2018). This ecosystem lens in-
cludes essential similarities to the concept of PEDs, reflected also
in similar challenges in legitimation. Thomas and Ritala (2021)
state that in an ecosystem context, legitimation challenges
stem from participant heterogeneity, chicken-and-egg problems
with investments and adoption, a need for collective identity,
interdependence-related risks and a lack of pre-existing struc-
tures. PED-related topics, including energy communities and
microgrids, have been studied also from the perspective of poly-
centric governance (Blasch et al. 2021; Petrovics et al. 2022),
socio-technical transitions (Ford et al. 2021) and legal ap-
proaches (Hoicka et al. 2021; Valta et al. 2025), however, the
ecosystem legitimation perspective directs attention to the local
level and how the participating actors—municipalities, network
operators, entrepreneurs, utilities and citizens—frame and
make sense of the emerging solutions and co-create collective
identities while establishing the governance structures. In other
words, creating a ‘sense of co-ownership’ (Sareen et al. 2022, 4)
is needed for developing integrated creation processes with ac-
tors coming from multiple industries and both from public and
private sectors.

The purpose of this paper is to address the liability of newness
problem in PED legitimation processes. The article takes one
step forward in solving the idiosyncrasy issue related to PED
creation by comparing two industrial and two residential PEDs
in Finland, which pose distinctively good conditions for PED
creation with highly volatile but affordable electricity markets
(Energiavirasto 2025), advanced demand response markets,
and a high diffusion of supportive technologies and infrastruc-
tures, including electric vehicles, smart metres and heat pumps
(Bjerkan-Wade et al. 2024), and a relatively high activity in
PED projects (PED-EU-NET 2026). However, there is no dedi-
cated regulation or organisational models for PED creation in
Finland (Valta et al. 2025), which makes the creation process
emergent and context-dependent. By studying the PED context
from the ecosystem perspective, this paper asks the following
research question: ‘What identity-creation dilemmas do emerg-
ing industrial and residential positive energy district ecosys-
tems face while seeking legitimacy?” The findings show that
the main PED legitimation challenges can be divided into four
dilemmas of identity creation: (1) relationships with the energy
incumbents, (2) scope, (3) governance and (4) management of
timescales and uncertainties. The main novelty of this paper is
in explaining how the ecosystem perspective is crucial in PED
legitimation and what kind of challenges it involves. Second,
this paper maps the challenges for diffusing PEDs in indus-
trial and residential contexts. Third, this paper strengthens
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knowledge of the relationship between PEDs and construction
sector value chains, including regulatory processes related to
urban planning.

2 | Theoretical Background
2.1 | Ecosystem Legitimation

In the context of ecosystems, legitimation has its particular-
ities because the heterogeneous ecosystem members are not
hierarchically interconnected (Adner 2017). The theoretical
framework utilised in this study, formulated by Thomas and
Ritala (2021), addresses legitimation in the emergent phase of
ecosystems. It is particularly relevant for two reasons. First, it
recognises that legitimation efforts face challenges stemming
from uncertainty and a lack of information regarding the eco-
system's value proposition and how stakeholders will react to it.
Second, it acknowledges that strategic decisions regarding de-
sign, governance and other aspects are not predefined but rather
collectively created as part of the legitimation process.

The framework divides legitimation into two main processes:
discursive and performative legitimation. This approach can be
viewed as a legitimacy-as-a-process perspective, in which the
dynamics and activities that occur during ecosystem creation
also legitimise the ecosystem (Suddaby et al. 2017). Discursive
legitimation includes four main activities. First, ecosystem legit-
imation requires framing to direct attention towards necessary
and notable features of the ecosystem. This includes visioning
while identifying issues and demonstrating the ecosystem's ben-
efits to the wider public. It also includes motivating different eco-
system members (Fisher et al. 2017), often done by categorising
the ecosystem into familiar offerings or processes (Greenwood
et al. 2002). Meanwhile, commonly used performance criteria
are updated with new, more relevant ones (Bergek et al. 2008).
The second activity is sensemaking, by which the ecosystem
members begin to comprehend the ecosystem's value proposi-
tion (Weick et al. 2005). This includes developing and sharing
insights of various components of the ecosystem value proposi-
tion and forming shared views. Experimentation is also included
in the sensemaking process. The third activity is the positioning
of the ecosystem. Here, the ecosystem members aim to answer
what is distinctive and valuable in the user's value proposition
and how this differs from ordinary models. A successful posi-
tioning should argue the ecosystem's benefits to the stakeholders
(Thomas and Ritala 2021). The fourth discursive legitimation
activity is recognising, performed by external stakeholders such
as the media, regulators and analysts. Politicians can also legiti-
mise new ecosystems when they endorse new kinds of business
ventures (Zhang and White 2016).

The second primary process in ecosystem legitimation, per-
formative legitimation, involves demonstrating superior per-
formance compared to other solutions. Unlike discursive
legitimation, it represents the ecosystem members' tangible,
concrete actions. The activities related to it signal the growing
commitment to the emerging ecosystem via various kinds of
investments. First, these include strategic actions, most notably
from the ecosystem leader. These include ecosystem-specific
investments in resources and technologies, organisational

changes or new governance changes that devote resources to the
development of the ecosystem. Decisions on governance mech-
anisms include pricing, membership rules, standardisation
activities and controlling the entrance (Jacobides et al. 2018;
Thomas and Ritala 2021). The second activity class in performa-
tive legitimacy is value realisation. This refers to the whole eco-
system's comparative success in delivering the ecosystem value
proposal to the customer. Here, ecosystem members are aligned
profitably, effectively and fairly in the ecosystem value blueprint
(Adner 2017). The third activity for performative legitimation is
its adoption by users and complementors. Complementors play
a significant role in ecosystem development through resource
and skill deployment, and high-status complementors help most
significantly to legitimise the ecosystem. Similarly, high-status
customers help to prove the viability of the ecosystem's offering
(Thomas and Ritala 2021). The fourth activity is the interven-
tion of the ecosystem by external actors. This includes actions
by financiers, governments, regulators and incumbents that
prove the viability of the ecosystem. Partnerships and good ties
with key incumbent actors can increase the ecosystem's status
(Bengtsson and Johansson 2014) and act as legitimating ele-
ments (Bitektine 2011).

In the framework, these two main legitimation processes lead to
a strengthened ecosystem identity—‘what we do’—which is de-
fined as the ‘central, enduring, and distinctive characteristics of
the ecosystem’ (Thomas and Ritala 2021). Mutual understand-
ing of PEDs across different industries can help clarify what
PEDs aim to achieve, identify the various roles of PED actors
within the ecosystem and reduce the cognitive distance between
actors in their interpretations of PED value propositions. In this
way, the unfamiliarity, instability and incoherence of planned
constructions are mitigated collectively (Navis and Glynn 2010).
With a shared understanding of the overall value proposition,
actors can more easily develop an alignment structure that
allows it to materialise (Hakanen et al. 2024). For example,
Dentoni et al. (2018) studied identity creation in community-led
enterprises and found that these groups developed their identity
through distributed experimentation and subsequent sensemak-
ing based on their successes. From a stakeholder perspective,
ecosystem identity coexists with their individual organisational
identities (Drori and Lavie 2023). Since PEDs are still an emerg-
ing concept, they have not yet established clear actor roles, fund-
ing mechanisms or other benefits typically found in mature
market categories (Lee et al. 2017). The theoretical framework
is illustrated in Figure 1.

2.2 | Specificities in Positive Energy District
Ecosystem Legitimation

PED ecosystem legitimation is influenced by the nascent stage
of the market and the related business models. Traditionally,
renewable energy (RE) production in buildings has been based
on simple commercial arrangements and supported by political
incentives such as feed-in tariffs. More recently, the PED eco-
system has been transforming towards digitally driven modu-
lar systems, which are based on a multitude of actors and new
technologies, such as solar panels, electric vehicles, batteries
and automation systems (Hiteva and Foxon 2021; Schwidtal
et al. 2023). Current development is heading towards systems
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FIGURE 1 | Theoretical framework (adapted from Thomas and
Ritala 2021).

that self-consume locally produced energy, increase smart
controls for local system balancing, integrate different energy
carriers (i.e., heat, gas and electricity) and include local gov-
ernance structures (Ford et al. 2021). Aside urban residential
PEDs, industrial PEDs are rapidly developing. Due to the
needs for industry electrification, sustainability regulation,
data centre diffusion, slow permitting processes and inabil-
ity to guarantee grid connections, industrial and commercial
companies have turned their focus strongly towards on-site
energy production and sharing (Gimon et al. 2024). However,
the energy sharing schemes in industrial PEDs are not well
defined.

Regulatory governance is also in transition as PED-related
models like microgrids and energy communities are being in-
creasingly noticed by policymakers and academics analysing
the regulatory landscape (Behrendt 2023; Hoicka et al. 2021;
Krug et al. 2022). Recent European-level directives on en-
ergy communities are being transpositioned in member states
(Trevisan et al. 2023). These directives offer freedom in their
implementation, and there is no clear continent-wide direc-
tion (Campos et al. 2020). Important questions to solve in-
clude, what are the boundaries of the PED, and how do they
relate to the incumbent distribution system operator (DSO)
and electricity retailers (Brozovsky et al. 2021; Di Silvestre
et al. 2021). Directives on Citizen Energy Communities and
Renewable Energy Communities steer organisational struc-
tures for PEDs of different sizes, of which industrial Closed
Distribution Networks are one option (EU 2018, 2019). Adjoint
to the Renewable Energy Community directive, there is a
definition and conditions for peer-to-peer trading (EU 2018).
The directive for Jointly Acting Renewable Self-Consumers
steers PEDs based on single buildings and multi-apartment
complexes (EU 2018). Whereas many EU member states have
created frameworks applicable for neighbourhood-level PEDs
utilising the public grid, the case country Finland has imple-
mented only a model in which self-consumption is limited
within property boundaries (Neij et al. 2025). Similarly, en-
ergy performance certification of buildings in Finland does
not consider district-level structures, hindering legitimation
(Valta et al. 2025).

The emerging PED sector may combine various fields (e.g., con-
struction sector, electricity, district heating and cooling, gas) that

are regulated differently (Lindkvist et al. 2019; Markard 2018;
Sareen et al. 2025), induce public-private partnerships (Dujany
et al. 2026) and affect the urban planning processes (Nielsen
et al. 2018). Many PED-related studies emphasise the impor-
tance of a shared vision, but that is hard to reach in reality due to
various interests different stakeholder have (Parkhill et al. 2015;
Petrovics et al. 2022; Planko and Cramer 2019). PEDs gener-
ally reduce the revenue of external incumbent actors, such as
the DSO, transmission system operator (TSO) energy retailers
and large centralised energy producers. For this reason, incum-
bents may attempt to steer the development of such initiatives
to their own advantage, for instance, by introducing solutions
that allow them to retain control over customers or by limiting
the dissemination of knowledge to the wider public (Envall and
Rohracher 2025). On the other hand, incumbents can use PEDs
to solve arising issues in energy system operations, such as the
need to reinforce ageing infrastructure or integrate variable re-
newables into the energy system.

Overall, the polycentric nature of PEDs brings several gov-
ernance challenges (Moroni and Tricarico 2018; Petrovics
et al. 2022). PEDs entail a certain level of decentralisation of en-
ergy sector duties and responsibilities, and this has been seen
as bringing forth the multi-level nature of governing energy as
a common pool resource (Brisbois 2020; Wolsink 2020). This
means that the users are increasingly interdependent on one an-
other while they are using a finite pool of collective resources.
Scharnigg and Sareen (2023) highlight that effective decentral-
isation requires several conditions to be in place, including suf-
ficient local capacity to manage project complexity, clear rules
and accountability mechanisms, high levels of citizen awareness
and the presence of reliable intermediaries. Meanwhile, ensur-
ing social justice in decentralised energy systems is an increas-
ingly important topic because there is a risk that such systems
may increase inequalities between citizens as only wealthier
people are able to afford investing in such systems (Bruehwiler
et al. 2025; Hearn et al. 2021).

3 | Research Methodology

3.1 | Case Descriptions in the Context
of the Finnish Energy System

This article studies four PED frontrunner projects, summarised
in Table 1. C&I Park and WindPED are located in industrial
and commercial areas, while EcoVillage and EcoDistrict are in
residential areas. What makes these four cases worth studying
is their strong multi-stakeholder nature, including public and
private actors. All projects are mostly greenfield areas with-
out major existing infrastructure and involve municipal urban
planning processes. Municipalities also occupy the major role
of landowners, although in EcoVillage, most of the land is
owned by a couple of families living in the area. The dispersed
land ownership makes the planning process potentially more
complex as it is not solely the municipality that decides upon
the construction requirements (Healey Trulsrud and Van Der
Leer 2024). The four cases are from different parts of Finland.
C&I Park, EcoVillage and WindPED are in middle-sized mu-
nicipalities with approximately 10,000 to 30,000 residents.
EcoDistrict is in a larger city. At the time of writing this article,

4
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C&I Park was operating, EcoVillage was in its urban planning
process, WindPED had been suspended and EcoDistrict's first
apartments are available for purchase in the first parts of the
district.

Finland has several PED initiatives participating in EU
projects, although the cases differ significantly in terms of
technologies, geographical boundaries and composition of
stakeholders (PED-EU-NET 2026). Finland also has six EU
Climate mission cities aiming for carbon neutrality by 2030,
which is the highest number relative to population in all of
Europe (Froissard 2022). In addition, two-thirds of Finnish
municipalities have defined climate goals, which often foster
investments in local RE generation and utilisation (Mattinen-
Yuryev et al. 2021). Municipalities can indeed play a signifi-
cant role in PED development, as they control urban planning
processes, typically own the local utilities and have long-
lasting customer relationships.

While European directives steer the Finnish energy system,
the Finnish example has several characteristics that need to
be noted before this study can be generalised internation-
ally. When compared to many other countries with dominant
incumbents such as EDF in France or EDP in Portugal, the
Finnish energy sector is relatively decentralised, with over 70
DSOs and 70 retailers for a population of five million people
(ACER and CEER 2022; Eurelectric 2020). The main sources of
the electricity mix are divided into nuclear (39%), hydro (18%),
wind (20%) and biomass (12%) (Energiateollisuus 2025a). In
the heating sector, district heating plays a significant role
in urban areas with a market share of 45%. In new build-
ings, ground-source heat pumps are becoming more pop-
ular; their increasing market share is currently around 30%
(Energiateollisuus 2025b). Demand for system flexibility
is high as Finland has relatively cheap yet among the most
volatile electricity prices in Europe (Energiavirasto 2025).
The transposition of the Renewable Energy Community and
Citizen Energy Community directives has not been fully im-
plemented in Finland since they can be established only in a
restricted context (Neij et al. 2025). Namely, in 2021, a new
law enabled virtual net metering within property boundaries,
mainly for housing companies. In summary, Finland poses
many supportive conditions, however, because there are no es-
tablished PED models, new projects need to be jointly created
by various actors who have to define their positions and roles
in the emerging ecosystem.

3.2 | Research Approach

In this study, we employ a qualitative research method along
with a comparative case study. Compared to single case studies,
this method is more conducive to theory building, generalisa-
tion and achieving an appropriate level of abstraction. By select-
ing different types of cases, such as industrial and residential
cases in this instance, it becomes possible to identify contrast-
ing patterns across these cases (Eisenhardt and Graebner 2007).
In the analysis, we deploy an abductive logic (Dubois and
Gadde 2002) by taking the theoretical framework by Thomas
and Ritala (2021) as a starting point, and extending it inductively
by identifying and comparing four identity-creation dilemmas

that these legitimation activities aim to address across the resi-
dential and industrial PEDs.

The data collected was based on semi-structured interviews with
relevant case representatives, such as project leaders and initia-
tors, technology providers, network operators, officials, minis-
tries and regulators. In total, 39 interviews were conducted and
transcribed (see Appendix A for interviewee profiles). We also
held and transcribed two workshops for the EcoVillage with 25
participants in the first workshop and 13 in the later one, includ-
ing researchers and public and private organisations. Before the
interviews and the workshops, participants were introduced to
the research aims and asked for consent to publish the results
anonymously. In addition, available studies, media coverage and
public announcements were gathered. The results of the study
were introduced to each PED project’s main stakeholders in on-
line meetings for validation of the results (Miles et al. 2014). The
data analysis was done in several stages. First, we took a pro-
cessual view on the projects by constructing the timelines of the
projects’ main activities using swimlanes on MS Visio with dif-
ferent stakeholders. Second, we coded the data deductively ac-
cording to the legitimation activities presented by Thomas and
Ritala (2021). We connected the identified activities to the rele-
vant stakeholders and then studied them both case-by-case and
across the industrial and residential cases. From these summa-
ries, we were able to inductively identify four identity-creation
dilemmas and the related discursive and performative activities
(Table 2 illustrates this data structure). Last, we compared the
results from our cases with previous PED-related studies that
take a process perspective, in order to position the findings from
our four cases within the existing understanding of what each
phase in a PED creation process entails (Healey Trulsrud and
Van Der Leer 2024; Lindkvist et al. 2019; Trevisan et al. 2023).

4 | Results

The results of the four case studies are presented through four
identity-creation dilemmas faced by industrial and commercial
PEDs. First, we describe how the PEDs position themselves in
relation to incumbent energy companies, such as DSOs oper-
ating local grids, TSOs balancing national electricity systems,
and district heating utilities responsible for investing in and
maintaining their infrastructure. The second dilemma, which
is closely linked to the incumbency relationship, concerns the
definition of geographical boundaries and the scope of the ser-
vices the PED offers. The third dilemma relates to who controls
the creation process and who participates in decision-making.
Finally, the fourth dilemma highlights the challenges that PED
ecosystems encounter in managing the differing timescales of
investments and the associated uncertainties. The main find-
ings are then compared across industrial and residential PED
and summarised in Table 2.

4.1 | Relationship With the Energy Incumbents

The initial challenge in PED legitimisation involves how much
the PED's identity is based on problematising the status quo in
the energy sector versus aligning with the incumbents and sup-
porting the transition through collaboration. Both perspectives
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| (Continued)

TABLE 2

Residential PEDs

Industrial PEDs

Discursive

Discursive legitimation

Performative legitimation

legitimation

Performative legitimation

Identity dilemmas

- PED is a testbed for new service

— Plot transfer rules

— Companies

- Infrastructure and energy production built in

Managing Timescales:

models (C, D)
- Use of excess heat (D)

guaranteeing data

benefit from
having

advance (‘backbone’) (A)
- Different timescales for permits, construction and

Flexibility or certainty?

interoperability (D)
- Pressure to sell plots quickly

synergistic

users as a challenge (B)

for revenue (D)
- Uncertainty on whether

loads with

others
- PEDisa

properties connect to district

heating or not (D)

testbed for new
technologies

(A, B)

have their benefits, as networking with incumbents brings mar-
ket legitimacy, but differentiating from them justifies the new
operating models and helps to create identity. These issues re-
flect the reasons for the emergence of case PEDs.

The industrial PEDs had a more disruptive stance towards the
surrounding energy system. The C&I Park was first framed as
a ‘self-sufficient industrial microgrid’. The use of RE was con-
nected to cheaper and more stable energy prices, which could
be controlled as the system would be run independently from
the macro grid. A second important theme in the project, which
was less visible in the media coverage, was in improving system-
level energy optimisation through sector coupling. This related
to sharing energy locally, implementing cogeneration and hy-
drogen solutions while optimising all energy carriers together,
which enabled it also to stabilise the macro grid by participating
in TSO's flexibility markets. These framings were connected
to the project's application for a Closed Distribution Network
permission, which was, however, neglected by the regulator.
That permission would have allowed setting prices within the
PED but also having one entity in charge of the whole system
optimisation.

WindPED was initiated by a wind power developer driven by
economic and environmental incentives. He wanted to find new
ways to maintain wind power's acceptance in areas with a high
diffusion of wind power. “We should leave as many euros as
possible to the locals so they would be more supportive of wind
power’ (wind power developer). This project was framed as a
‘smart grid project’, yet a central argument behind it was sav-
ings from the network tariffs and taxes by self-consuming the
local energy production. The main strategic actions behind the
project were the ongoing wind power developments in the area.
The project was projected to start as under the city ownership,
but eventually it would have been sold, possibly to the compa-
nies in the area.

The residential cases wanted to some extent differentiate from
incumbents but did not yet have a clear relationship with them.
EcoVillage emerged from the initiative of local landowners, who
faced regional plans for urbanisation on their lands. Their mis-
sion was to protect the local environmental and social values
from ‘traditional’ urban planning while also creating affordable
living conditions: ‘In relation to housing, these renewable energy
solutions are important to us, because they are seen as having a
significant impact on residential comfort and the cost of living’
(landowner in EcoVillage). One driver for changing the urban
planning processes accommodating renewable energy came
from the European directives on energy communities, proposed
in 2016 and published in 2019 (EU 2018, 2019), which opened
a window of opportunity to explore new solutions. ‘There have
been exceptions in getting electricity across property boundar-
ies [...], so we know the direction is changing’ (landowner in
EcoVillage).

EcoDistrict represents a large new urban district with high
sustainability targets, for which PEDs have been identified as
one solution to achieve these targets. It is collaborating with
the local utility, which is building there a bi-directional district
heating system. Bidirectionality means that the network is open
for third parties and end-users who can feed in heat produced as

(o]
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a side product of their primary energy usage, such as cooling. In
contrast to energy autonomy, it was merely visioned to be a com-
plementing part of the city's energy system. The PED is part of
its decarbonisation strategy and increases the use of excess heat,
which partly replaced burning biomass. It can be argued that
the vision of controlling customer-level assets contradicts with
the utility's identity of managing and optimising large-scale as-
sets. For example, the district heating utility’s strategy includes
carbon capture from recent biomass and waste burning cogene-
ration units. Instead of top-down control, the bi-directional dis-
trict heating network would open the system for many actors:
‘But I think there really should be the possibility for all actors to
produce heat. Because we can't know what the market mecha-
nisms or the technologies will be that actually take hold in the
future’ (municipal energy expert in EcoDistrict).

4.2 | Scope: Geographical Boundaries
and Service Levels

The case studies show that PED's identity is closely related to
the scope of its geographical and activity-based boundaries.
However, significant disparities exist in the conceptualisation
of PEDs, especially in the residential cases. Within EcoDistrict
and EcoVillage, some imagined the PED as an individual hous-
ing company that would prosume solar energy (aligned with the
existing Finnish Renewable Energy Community regulation),
whereas others envisioned the whole district as operating under
a single property: ‘But here there have maybe been some kinds
of alternatives, like whether it's the housing company, whether
it's a giant housing company that has a giant plot of land, which
could now—by which one could get around or override some
of these regulations ...’ (EcoVillage workshop participant). PEDs
that span the whole district are heavily linked to regulation and
urban planning processes because the PED targets need to be
integrated into early-stage public infrastructure planning and
reflected in the property requirements set for real estate devel-
opers. For the time of writing this article, these thoughts of large
property boundaries had not been realised in EcoDistrict. In
contrast, it was seen more economical for the developer com-
pany to sell smaller plots. Smaller plots also enabled investments
by small local real estate developers, whereas only large multi-
national investors would have had resources to acquire larger
plots. As a compromise, smaller actors could have formed larger
consortia for operating within larger plots, but such arrange-
ments had not been implemented by the time of writing this
article.

The scope of the PED includes also the inclusion of different ser-
vices. The identity of both residential cases was built on the idea
that energy would be served in a more holistic, digitalised and
servitised way, which also includes subscription-based contracts
on technical hardware: ‘... and now, when technology develops at
such a fast pace, that outdated device [...| someone comes along
and is constantly calculating when it makes sense for me to re-
place that one, and they take it away and replace it, and you just
notice that something different has arrived” (Ecovillage work-
shop). A consultant related to EcoDistrict evaluated the service
levels of an energy operator in three scenarios: a traditional role
concentrating on networks, an extension for also managing
building energy systems and a further extension for managing

indoor conditions and offering virtual power plant operations.
This report concluded that the division of entities is imperative
because existing actors lack the capabilities to manage all the
functions required, especially in holistic models. A consultant
for EcoVillage supported a horizontal integration plan that in-
volved having a single operator to plan and operate all the differ-
ent energy carriers centrally. However, the DSO representative
said it would be simpler to maintain the status quo and keep
separate entities operating district heating, electricity and gas.

In any case, to validate the holistic district-level approach, the
residential cases applied for different certifications. EcoVillage
aimed to receive the Nordic Swan-ecolabel for the neighbour-
hood. This certificate is given to products and services that fulfil
high sustainability standards. The EcoDistrict PED received the
Building Research Establishment Environmental Assessment
Method (BREEAM) Communities certificate, which is given to
sustainable regional projects.

The industrial PEDs had initially clear geographical boundar-
ies due to the applications for Closed Distribution Networks.
According to a consultant in the WindPED case, this model
could open more profitable models for energy producers: ‘the
closed network would give more opportunities for them, let them
be batteries, hydrogen, solar... In this way, the interconnection
fee is very low for them’. At C&I Park, the focal actor positioned
the PED operator’s scope by comparing it to old paper mill areas,
where the mill owner acted as a coordinator of energy flows
within factory premises. Open district heating systems and the
use of excess heat within the area played an important role in
this positioning. The area included logistics centres that could
provide excess heat from their operations. However, making
them useful for others requires transparency, knowledge shar-
ing and an understanding of the logistics centre's operations.

Also, in the industrial PEDs, customer value arose as a major
identity creation tool. It came often across that industrial cus-
tomers prioritise convenience and do not wish to bear respon-
sibilities and risks of PED operation. In larger cases like the
industrial parks, this can become a selling argument for the
PED. Demand response, but also energy provision could be of-
fered as a service to industrial actors. As reported by a consul-
tant in the WindPED project, ‘we aim to package it so that the
industrial park has power purchasing agreements with [...] so
that the companies don't need to transact with the energy pur-
chasing [...] It is a great benefit, especially for small and medium
sized enterprises’.

4.3 | Governance: Ownership Structures
and Decision-Making

Although few governance models for the case PEDs were de-
cided during the time of the research, a key legitimacy chal-
lenge regarding PED ecosystem governance in all cases centred
on determining who controls the decision-making process.
Within PEDs, conventional top-down governance models are
frequently substituted or complemented by democratic decision-
making and distributed ownership, and possibly location of as-
sets. This approach aims to involve PED members in investing,
participating in PED operations and ensuring social justice. The
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governance model influences the whole PED identity because
of the distinctiveness of the community logic compared to in-
cumbent energy business models, which are based on state and
market logics.

Bottom-up governance mechanisms were discussed in the in-
dustrial but mostly in the residential PEDs. At EcoVillage, the
landowners envisioned achieving resource efficiency through
peer-to-peer collaboration, digitalisation and low hierarchy
levels in the opening meeting in 2018. Later, in 2023, the pre-
liminary urban plan set a target that the development encour-
ages group construction and innovative housing models. In the
workshop held, it was argued that having multiple governance
structures would increase transaction costs. Furthermore, in
Finland there are no established governance models for locally
owned community assets, apart from those used for housing
companies. This was expressed in the workshop related to
EcoVillage: ‘So if you invest with your own money, say, in a
house on your own land, but then some cooperative, company
or something else comes into play, and then you also incur some
kind of condominium-like cost [...] What if you want to disen-
gage at some point? So, at least the rules must be clear about
how to proceed’. A general social justice challenge in both res-
idential cases is that the future citizens are not included in the
planning process from the beginning (see an exemplary case in,
e.g., Hearn et al. 2021). Although, in EcoVillage, the aim is to
use various construction project models, including group con-
struction, which creates a strong user-centric process at least to
some parts of the PED.

Besides the sensemaking of community-level organisational
models, the EcoDistrict was steered towards more traditional
property-based solutions through land transfer conditions,
which real estate developers had to commit when buying the
plots. Also, the vision in EcoDistrict did not define the roles for
properties clearly. The municipal energy expert expressed the
dilemma of coordination: ‘It's more about the fact that we don't
really know—Ilike I just said—we don't know where or how the
city's means should be used. They're more like guiding or en-
abling tools, the kind of things that can be done in urban plan-
ning. And when there's no clear answer about what is actually
wanted, it's hard to prepare for anything specific, and it's hard
to figure out what exactly should be done differently in zoning
or what should be done differently in infrastructure planning’.
Even if municipalities do not have means to control the PED cre-
ation within properties, creating large properties and not having
control on them would also entail a significant identity change
for them: ‘There is a fear of losing control by having these kinds
of satellites, [...] and what if they all collapse and you must act for
water and wastewater issues [...| this would require education
and discussions so that there would be a better understanding of
self-sufficient, independent solutions’ (architect in EcoVillage).

Consequently, the creation of district-level energy solutions
seemed to be a challenging task for both residential PEDs. At
EcoDistrict, a consultant proposed various ownership and op-
eration models for the energy system, including a cooperative, a
dedicated service company and the utility. The utility model and
the dedicated service company models are rather closely related
to the business-as-usual, including the involvement of exter-
nal decision-making and market logics. An energy community

model was also analysed, but its limitation is in how it can ac-
quire and integrate different services professionally. If the PED
were to be implemented as an energy community, the subse-
quent question would revolve around its integration with other
governance structures linked to housing.

In the industrial PEDs, the governance was done more in a
top-down manner. Concerning sharing of excess heat, the rep-
resentatives of the industrial C&I Park discussed whether a
transparent, bottom-up model like a cooperative would foster
support and build trust. This approach could potentially help
to address mismatched interests between the PED operator,
the source of the excess heat and the buyer. The development
of these structures was, however, halted when the project did
not receive Closed Distribution Network permission. The top-
down governance structure was linked also to the governmental
grant that covered approximately 30% of the investment costs in
the case of the C&I Park. In contrast, the ownership of energy
production in the WindPED case primarily resided with already
existing independent energy production projects. Here, the po-
tential PED operator planned to establish long-term deals with
these independent producers, but rising electricity wholesale
prices complicated the situation for both parties.

4.4 | Managing Timescales: Innovativeness
and Timing the Investments

The fourth critical legitimation challenge involved managing
the timescales and the appropriate complementarities in an un-
certain future. The first challenge involved extended develop-
ment times and determining how to fund upfront costs. In the
residential cases this meant founding new development organi-
sations. At EcoDistrict, the entity initially owned the lands and
subsequently sold them to real-estate developers, setting rules
for plot planning. Importantly, it operated independently of mu-
nicipality's internal budgeting rules, allowing for significant in-
vestment in developing a new and highly sustainable district.
A regional developer representative highlighted that ‘for the
municipality, it is really hard to invest upfront and gain income
later’. Also, the Ecovillage project founded a new development
organisation, but the financing was not planned as this article
was written.

The second challenge was to ensure that initial PED invest-
ments would be interoperable with future add-ins. To guaran-
tee future-proof technical solutions, EcoDistrict's land transfer
rules incorporated requirements for collecting and transferring
data from the building automation system to the district's local
data hub where ‘energy-related and other data from both build-
ings and public areas is collected and made visible’ (workshop
series report). To prevent vendor lock-ins, real-estate developers
had to maintain transparency and openness in data protocols
and application programming interfaces. These plot transfer
rules were followed and updated as necessary throughout the
district's development.

The third challenge involved planning amid uncertainties re-
garding the EC's members and synergies in their energy profiles.
The case study PEDs were still in the preliminary stages of their
lifespans, so how customers would come to the area had not yet
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been defined. To construct infrastructure and energy produc-
tion before being certain of its utilisation rates posed a ‘chicken-
and-egg’ dilemma. However, in the industrial and residential
cases, the situation is somewhat different. In the industrial CI&
Park, the utility undertook the risk and decided to invest in the
networks and local energy production upfront, referring to them
as the ‘EC's backbone’ (utility representative at C&I Park). In
this industrial PED, the existing energy infrastructure and pro-
duction is an asset to attract companies to the area. C&I Park
showed that the PED operator must be patient when attract-
ing complementary customers. Here, the municipality built a
swimming hall, which provided both energy demand base and
flexibility potential. Also, a network of actors made initial agree-
ments to build a hydrogen production plant and fill-up station to
offer excess heat to the EC. Synchronising energy investments
with customer demand posed a challenge, which the municipal
manager at WindPED commented: ‘wind power has its own
schedule, the solar park its own and the municipal grid its own.
Then you should find customers to fit in the same schedule and
build their premises’. To connect large-scale energy production
to the PED necessitated finding a large-scale anchor investor
with a power demand of 2-10MW to make the grid investment
feasible for the municipality. In the residential cases, the situa-
tion is different in a sense that the utility cannot be sure which
buildings will connect to the district heating system. In Finland,
the municipality cannot legally force the customer to join a dis-
trict heating network, and construction companies may opt out
if they perceive ground-source heat pumps, for example, as more
profitable or appropriate.

The fourth challenge involved accommodating innovation, ex-
perimentation and open-mindedness towards novel solutions
within the framework of affordability and stable pricing. All
four cases involved sensemaking on open data-driven innova-
tion for new organisational and operating models, with the po-
tential for these references to eventually be utilised to promote
export businesses. EcoDistrict held innovation and idea compe-
titions for companies and an extensive workshop series involv-
ing a wide range of ICT, construction and energy field experts.
This process' report concluded that ‘for developing new business
and services [...] sharing and offering data is crucial’. For exam-
ple, energy and charging service developers can be provided
data on users, traffic and costs. Meanwhile, energy affordabil-
ity was set as a core benefit in all cases. EcoVillage's landowner
and DSO representative tried to make sense of this dilemma
and suggested that energy pricing would resemble mobile phone
contracts, based on available capacity rather than volume, with
separate incentives for demand response. Besides the customer
perspective, there is also the energy producer’s perspective, es-
pecially in the industrial PEDs. WindPED project's feasibility
report highlighted that the PED operator needs to consider the
increasing volatility in the electricity wholesale markets and
what kind of incentives energy producers see as attractive.

Overall, the four legitimation challenges are interlinked and
form different configurations within the industrial and resi-
dential cases. A holistic approach challenges incumbents more
than a focused solution; the case of an independent microgrid
is a special case for this. The two residential cases have yet to
establish clear relationships with their network operators, de-
spite their aligning ambitions with the municipalities, thus

leaving the PEDs' final operational scopes unclear. Governance
choice was not clearly linked to a specific configuration, but
the industrial PEDs showed that a top-down approach with
municipality-backed operator offers clarity on accountability
and therefore certainty to customers. However, the investments
in WindPED were distributed to several energy producers due to
the significant size of the investments. Comparatively, the resi-
dential cases included more bottom-up decision-making due to
distributed ownership of land in EcoVillage and the important
role of real estate developers in EcoDistrict. Overall, the indus-
trial cases managed to create clearer identities even in the early
phases of the projects. This was due to the more top-down gover-
nance they had, but also because the PED was a selling point for
companies to locate in the area. In the residential cases, energy
matters are arguably less central to the property developers and
residents. Yet, the industrial cases are also more dependent on
the anchor investors who are large customers but also important
actors for energy sharing. The main factors in both PED types
are summarised in Table 2.

5 | Discussion

The legitimation of PEDs is a gradual and longitudinal process
shaped by various contingencies. The dynamics between the
three elements—performative legitimation, discursive legitima-
tion and identity construction—present distinct yet interdepen-
dent challenges. For a PED facilitator, synchronising them is a
strategic challenge to overcome. In this section, we project the
results of this comparative case study to previous process stud-
ies related to PEDs (Healey Trulsrud and Van Der Leer 2024;
Lindkvist et al. 2019; Trevisan et al. 2023). The different phases
of this process, along with the associated legitimation efforts,
are illustrated in Figure 2.

Since PEDs are infrastructure projects, many decisions are
made upfront, making changes difficult in later stages. In previ-
ous PED studies, the preparation phase of the residential cases
highlighted the importance of creating a common vision for the
future PED ecosystem (Healey Trulsrud and Van Der Leer 2024;
Trevisan et al. 2023). Both residential PED cases had very am-
bitious goals set by the landowners or the political lead. The
residential PEDs aimed to create concrete targets with specific
labels and certificates but also included statements like carbon
negativity. However, the EcoDistrict case showed that even if
there are such targets, they might not turn into PED-promoting
local level policies due to lack of legitimacy and vagueness of the
PED concept. Lindkvist et al. (2019) noted how visioning work
included organising workshops between the main actors and
setting coherent multi-criteria. Also, the case PEDs held sev-
eral workshops to make the vision more tangible with various
stakeholders. In some cases, existing energy resources—such as
waste heat—create potential and prerequisites for further per-
formative legitimation (Healey Trulsrud and Van Der Leer 2024;
Karvonen et al. 2025). However, the four case studies examined
here lacked such clear preconditions. Early design choices must
be effective in mobilising resources (Thomas and Ritala 2021).
This potential was somewhat more pronounced in the two in-
dustrial PEDs, which had some energy resources in place (wind
power, gas network) and a clear aim to attract an anchor investor
to the area, who would also provide excess heat to other PED
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FIGURE2 | Elements of PED identity creation throughout the creation process.

members. The main steering mechanisms for PED creation in
the residential cases were the choices in the urban planning and
plot allocation conditions, as was the case in the study by Healey
Trulsrud and Van Der Leer (2024). However, these measures
merely recommend rather than mandate PED creation.

In the implementation phase, the actual constructors—primar-
ily real estate developers—respond to these earlier decisions and
contribute to the extent they find them techno-economically
feasible, implementing the organisational and business mod-
els accordingly. Trevisan et al. (2023) described this stage as
involving the definition of governance structures between the
members, internal bodies and third-party entities, as well as the
types of investments. In the industrial cases, the centralised op-
erational lead created clarity on how future responsibilities were
divided, whereas this was not as clear in the residential cases,
which necessitated investments from the real estate developers
as well. Besides energy technologies, also the data system gover-
nance and management require clarity, for which the EU's Data
Act provides a foundation (Nicolai and Miinchmeyer 2026).
Defining the roles is important for creating and sustaining the
required agreements, for example, public-private partnerships
and tendering processes (Sareen et al. 2022). Also, PED opera-
tors that form clearly identifiable local entities creates account-
ability, which makes decentralised governance often effective
(Brisbois 2020). Weak accountability can lead to uncertainties
regarding whether the visions are being implemented. The
main challenge in setting the PED operator role was the lack
of good benchmarks or existing actors who would have posed
the required capabilities. Finally, Healey Trulsrud and Van Der
Leer (2024) described how the municipality followed up the im-
plementation of PED objectives by real estate developers by pe-
riodically conducting a checklist on the required functionalities.
In contrast, Lindkvist et al. (2019) identified clear gaps in inter-
mediating the energy system visions and the implementation.

In the use phase, the operating service providers and actual
users of the infrastructure and technologies determine how

successfully PED targets are achieved. Embedding performance-
based targets in contracts could better align actors across phases
and reduce the fragmentation in the PED creation process.
Healey Trulsrud and Van Der Leer (2024) found that their case
PEDs lacked this kind of follow-up and there were practically no
sanctions for underperformance. One regulatory barrier for this
comes from the unclarity of how Finnish energy performance
certification regulations impact collectively owned energy pro-
duction (Ympéristoministerio 2018), which is currently under
revision. Trevisan et al. (2023) analysed the different ways of
operating in the energy markets, including collective purchas-
ing and selling of energy and other services. These choices were
discussed mostly in the case of C&I Park, which participated in
the demand response markets.

Overall, the identity creation challenge for PEDs is twofold. At
the macro level, companies must establish a PED identity as a
market category, including the relevant regulatory frameworks
and financial credibility (Navis and Glynn 2010). This involves
standardising rules, technology providers, building and system
designs across the relevant sectors, as well as developing edu-
cational programmes. Supportive EU-level policies are in place
that contribute to standardising the rules, but the related poli-
cies are still rather dispersed and often target single technologies
or sectors (Valta et al. 2025). Policies across PED-relevant sec-
tors should more explicitly integrate the concept of a PED to en-
hance legitimacy. Furthermore, the national implementation of,
for example, EPBD was still ongoing in Finland while conduct-
ing this research. The incoherence of macro-level policy imple-
mentation makes local-level identity creation more challenging
as there is reduced visibility regarding long-term development
of the concept. Namely, various organisations need to undertake
the identity shift on their behalf as well. For example, district
heating utilities opening their heating networks to external heat
providers must move from a production-centred mindset to a
more customer-oriented approach; urban planners and other
municipal officers need to include new stakeholders such as
PED operators in the planning process and enable decentralised
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solutions; real estate developers need to create long-term part-
nerships with other companies to accomplish lifecycle services
instead of merely building and selling the buildings; and tech-
nology providers need to open and share data for district-level
innovations. Stakeholders’ disagreements may lead to compro-
mises or abstractions of the vision, thereby reducing its ability to
guide interorganisational collaboration (Valkering et al. 2013).
Arguably, if the PED's identity and potential collective gains re-
main contested and a distinctive, enduring identity is not clearly
articulated, the qualities that differentiate and sustain it may
not be strong enough for actors to make decisions based on the
PED's needs rather than on existing organisational identity.

Finally, the PED cases examined in this article do not sig-
nificantly engage end-users; however, involving them in the
creation process could strengthen discursive legitimation by in-
troducing elements of collectivism and mission-driven purpose
(Dentoni et al. 2018). For example, in Hunziker Areal, Zurich,
interested citizens were able to participate in the PED creation
from early stages of the projects (Hearn et al. 2021; Purtik
et al. 2016). Case studies handling energy community creation
could provide more insights for customer engagement, as citizen
ownership and control are more central in these cases (Wahlund
and Palm 2022) when compared to PEDs which are more about
active participation. The industrial cases, by contrast, sought to
differentiate themselves from incumbents by developing their
own distribution systems. This approach requires a different
type of discursive legitimation—specifically, lobbying national
policymakers and regulators responsible for electricity markets.

6 | Conclusions

This paper addresses the research question, “What identity-
creation dilemmas do emerging industrial and residential pos-
itive energy district ecosystems face while seeking legitimacy?’
It examines how two industrial and two residential PED ecosys-
tems navigate the complex institutional environment of PEDs.
The main practical contribution of this paper relates to the
four identity-creation dilemmas for PEDs. Early coordination,
co-creation and articulation of the expected PED model with
different stakeholders could significantly speed up the process.
This paper suggests that different audiences should be targeted
with a nuanced but consistent approach. In part, this challenges
previous findings in legitimation literature, which emphasise
audience-specific messaging (Fisher et al. 2017). Although PED
stakeholders have varying interests, rules and logics, it is essen-
tial for PED ecosystems to negotiate, create and communicate a
clear core identity early on to facilitate value alignment. Unclear
definitions of value propositions slow down individual compa-
nies' strategic actions, mutual creation processes, the discovery
of complementarities between ecosystem members and, even-
tually, the marketing to end users. Unclarity also hinders local
policy makers willingness to set strong policy guidance for PED
development. If possible, PEDs should experiment with poten-
tial solutions early on in the process to create a continuum of
experiences, which then inform and reinforce the creation of a
shared identity (Dentoni et al. 2018).

For regulators and policymakers, this paper highlights the im-
portance of clear legislations and regulations for PED diffusion.

The European directives steer member states to include RE
and demand response in their spatial planning and permitting
procedures, but the progress has been negligible so far (Krug
et al. 2022). Several EU countries have created specific tariffs for
local energy sharing on the neighbourhood level, and this could
be applied in Finland, too. However, it should be done while em-
bracing the system-level benefits of PEDs and the impacts for
the building and transportation sectors. Other interesting up-
coming policy is the requirement to calculate a buildings carbon
footprint (EU 2024). It remains to be seen if the PEDs' contri-
bution (solar panels, community owned heat pumps or similar)
could contribute to the carbon calculations of individual build-
ings. So far, the Energy Performance of Buildings Directive has
been implemented in Finland in a way that does not account for
community scale investments.

The main limitation of this study is that, besides the C&I
Park, the case studies were mainly in their early stages.
Consequently, this study primarily focused on the initial
phase of the projects and less data was gathered from the im-
plementation phase, which would present its own set of legit-
imation challenges (Nielsen et al. 2019). All the case studies
were based in Finland, which reduced the generalisability of
the results due to the specificities of Finnish institutions and
suitable technologies. This applied most notably to the sig-
nificant role of cogeneration plants and district heating net-
works in the Finnish energy system. However, many PEDs
include different energy carriers, functionalities and sector
and system integration, making this paper's findings relevant.
Future research could study the four legitimation dilemmas
within different PED projects and diverse contexts, especially
where district level structures are already integrated into the
national policy mix. Longitudinal studies could delve into
the legitimation process and dynamics in stakeholder rela-
tionships, as well as the institutional context throughout the
entire PED creation process. Further studies might also con-
centrate more on real-estate developer, urban planner and end
user perspectives.
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Appendix A

Profiles of the Interviewees

Interviewees
No.
C&I Park

1 Municipal leader A
2 DSO representative A
3 Fuel cell provider representative
4 Solar PV provider A representative
5 Solar PV provider B representative
6 Automation provider representative A
7 Direct current lightning firm representative
8 Battery provider representative
9 Municipal entrepreneurs office representative A
10 Gas motor provider representative
11 Ministry representative A
12 National regulatory authority representative
13 Municipal utility representative B
14 Automation provider representative
15 Professor, University
16 Municipal utility representative
17 Finnish Gas Association representative
18 Municipal utility representative A
19 Municipal utility representative C

WindPED
1 Wind power developer
2 Municipality representataive
3 Consultant
4 Consultant

EcoVillage
1 Landowner
2 Regional developer company representative
3 Automation system provider representative
4 Architect company representatives x 3
5 DSO representative
6 Landowner

EcoDistrict
1 Municipal climate expert
2 Regional developer company representative A
3 Energy storage provider
4 Construction company representative
5 Heat pump system provider representative
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Interviewees
No.
6 Building automation provider representative
7 Public sustainability office representative
8 District heating utility representative
9 Software provider representative
10 Regional developer company representative A
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