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H I G H L I G H T S  

• Stakeholders see great potential in PEDs for energy poverty reduction. 
• Energy poverty mitigation needs to be included in PEDs from the onset. 
• PED replication can synergistically address both decarbonization and energy poverty mitigation. 
• Increasing levels of energy poverty makes PEDs more financially viable as mitigation tools. 
• More consideration needs to be given to the social dimension in decisions on new PED creation.  
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A B S T R A C T   

100 Positive Energy Districts (PEDs) are to be created in Europe by 2025, with a stated goal of urban decar-
bonization. These are highly energy efficient residential urban areas, powered entirely through renewables. PED 
creation is to be guided by principles of quality of life, sustainability, and inclusiveness (specifically focusing on 
affordability and energy poverty prevention). Although there is research into the decarbonization aspects of 
PEDs, there has been little focus on the guiding principles, and their potential to reduce energy vulnerability. 
Using energy vulnerability factors and an energy justice framework, this article examines how the topic of energy 
vulnerability mitigation is perceived by professional PED stakeholders. Stakeholders from multiple countries 
were interviewed in order to determine how and to what extent they approached the topic of inclusivity and 
energy vulnerability. The contribution of this paper to academic research is in helping to frame energy 
vulnerability in European smart city urban areas, focusing on the perceptions of key stakeholders. This con-
tributes to research on the identification and evaluation of innovations such as PEDs which offer a potential 
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international cooperation on PED development.; JPI Urban Europe, Joint Programming Unit, European commission instrument to strengthen research and innovation 
in urban areas which also proposed PEDs.; MakingCity, Horizon2020 project to address and demonstrate PED concepts, enabling better replication of these. Operates 
in 8 cities.; MaxQDA, software tool for qualitative data analysis, used for interview analysis.; PAH, Platform for those affected by mortgages (Plataforma affectats per 
la hipoteca) Catalan grass roots movement to assist those evicted through non-payment of rent or mortgages.; PED, Positive Energy District, urban neighbourhood 
which produces an annual surplus of energy through the use of renewables.; PV, Photovoltaic panels.; REC, Renewable Energy Community, local energy associations 
often formed by residents which must also help to alleviate energy poverty (according to the EU renewable energy directive). Not fully implemented into national law 
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model for an inclusive transition. Furthermore, this article offers a contribution for policymakers, informing PED 
replication policies with a focus on the synergistic aims of decarbonization and energy vulnerability mitigation.   

1. Introduction 

Prior to the COVID19 pandemic, at least 34 million Europeans were 
unable to afford sufficient access to energy [30], and there is evidence to 
indicate that although this number had been decreasing, post-pandemic 
it is growing [18;42,48,68]). This issue, referred to as energy poverty, 
receives growing policy prominence throughout Europe, particularly 
given recent fuel price rises[13]. Energy poverty is recognized as 
multidimensional[76], and multiple indicators are used when attempt-
ing to measure this phenomenon[21]. Energy vulnerability is under-
stood as encompassing those that are currently energy poor including 
those that are at risk of becoming energy poor, but also recognizes the 
dynamic and temporal nature of energy poverty[14,65]. 

The main factors associated with energy vulnerability have been 
identified as access (not just to energy, but to the option of differing 
energy suppliers), affordability, flexibility (with many households tied 
in to specific suppliers), poor home energy efficiency, mismatched needs 
and a lack of recognition and support[88]). Different combinations of 
these factors may lead to households either having much higher energy 
bills compared to their income, or refraining from using energy that they 
cannot afford (known as hidden energy poverty, or the “heat or eat” 
dilemma) [3,5;8;47]. This is sometimes measured through low absolute 
expenditure, referring to those whose absolute energy expenditure is 
less than half of the national median[4]. There has been research sug-
gesting energy poverty may increase in energy transitions (e.g., from 
coal to gas in Poland[56], or owing to increased energy costs in the 
Energiewende in Germany [93]. Recognizing methods of decarbonizing 
the economy whilst reducing energy poverty and inequality thus remain 
all the more important[49]. 

One key initiative which may meet both these goals is that of Positive 
Energy Districts (PEDs). PEDs are part of the planned decarbonization of 
European urban areas, combining high energy efficiency with the use of 
renewables[10;15]). The original stimulus to create 100 PEDs in Europe 
by 2025 is often positioned as a “first wave” which is to be replicated 
[1,79,94]and ramped up to create sustainable smart cities[35,86]. These 
districts are, for the main part, still in the early stages of development, 
and build on earlier concepts such as carbon–neutral districts and net- 
zero energy communities[41]. PEDs can either be new districts which 
are purpose-built, or older districts which are retrofitted to a high 
standard in order to meet the necessary PED energy targets, but the exact 
definition of a PED is still under discussion by groups such as the IEA 
Annex83 [95], and EERA[26]. 

Energy production, energy efficiency and energy flexibility are 
identified as the three mail pillars of PED creation [77], and these are 
meant to be guided by principles of sustainability, inclusiveness and 
quality of life [38]. The white paper framework for PEDs adds the words 
“with special focus on affordability and prevention of energy poverty” to 
inclusiveness, and a further guiding principle of “Resilience and security 
of energy supply” [55]. 

However, there are no clear definitions or explanations on the 
application of these principles currently. On a wider European level, 
EERA (European Energy Research Alliance) reports that the European 
Commission strongly urges the Strategic Energy and Technology (SET) 
Plan to increase its consideration of the social dimension and people- 
centred approaches, as there is a perception that these are neglected 
[26]. This issue is further problematized by socio-cultural-historical 
differences across European countries, which affect perceptions of en-
ergy poverty such as the application of different energy poverty in-
dicators across Europe [47], as well as historical differences (e.g., in 
Eastern Europe [17]). 

There is a significant body of research on energy poverty mitigation 

in urban areas, including at the district level [75,85], and focusing on 
novel aspects such as summer thermal comfort[9,89], but there is little 
research on how PED stakeholders perceive this, and how PEDs may 
contribute to its reduction. Furthermore, the study of socio-technical 
systems such as PEDs and energy justice at a district level is recog-
nized as essential for the promotion and achievement of an inclusive 
energy transition [72]. Indeed, research has identified the need for 
further attention to be given to inclusion of those with limited income in 
the energy transition, with the identification and evaluation of poten-
tially successful models such as PEDs [19]. 

Currently, published research on PEDs and energy poverty is limited, 
and includes research on the potential for PEDs to address energy 
poverty in Lisbon [39], PEDs and energy community initiatives in Spain 
[44], and how PEDs might advance urban energy justice [45,67]. 
Additionally, in the non-peer reviewed literature there is a Horizon2020 
deliverable focussing on PEDs and energy poverty [60]. The above ar-
ticles put forward suggestions on how PEDs might help alleviate energy 
poverty or vulnerability. However, there has been some research to 
suggest that smart home technologies and innovations such as one might 
encounter in PEDs, do little to reduce energy poverty and may even 
exacerbate inequalities [91]. This further highlights the need to address 
such issues throughout the initial processes of PED creation. 

Research specifically into PED stakeholder perceptions, the focus of 
this paper, could shed further light on the usefulness of PEDs to tackle 
energy vulnerability, as well as on how PEDs might be replicated. For 
the purposes of this article, the term “stakeholders” refers to those 
involved in PED creation from a professional capacity, although natu-
rally, prospective residents are also stakeholders. Furthermore, the very 
act of examining perceptions may also have an effect, inducing stake-
holders to review and potentially change their perceptions, helping to 
reframe the mitigation of energy vulnerability as a concurrent goal to 
decarbonization. 

Therefore, this article contributes to the emerging literature on PED 
and energy poverty by focusing on understanding how different PED 
stakeholders interpret and apply the main guiding principles (quality of 
life, inclusiveness, sustainability) and how this may have a potential to 
mitigate energy vulnerability, through an energy justice lens. This ex-
tends the academic debate on this topic, increasing an understanding of 
the connections between energy vulnerability and energy transitions 
[14,19]as well as providing a contribution for policymakers in PED 
practice, creation and development. Thus, the main research questions 
this paper focuses on are: 

How is energy vulnerability perceived by stakeholders in different 
PED contexts? 

Which measures are used (or planned) in order to mitigate energy 
vulnerability through the use of PEDs? 

In order to answer these, a theoretical framework, combining energy 
vulnerability factors with energy justice tenets together with PED 
guiding principles and pillars, is presented prior to a section on the 
paper’s methodology. This is followed by the results/discussion section 
in which interview data is presented and discussed in the context of 
existing research, followed by conclusions. 

2. Theoretical background and framework 

In the social sciences, energy research literature often examines en-
ergy poverty and vulnerability through an energy justice lens 
[11,43,45,49,63,67,69,81]. This includes the tenets of distributional, 
recognitional, procedural, intergenerational and global (or cosmopol-
itan) energy justice[45,46,63,69]. The reasoning for doing so here, is 
that it allows better understanding of the implications of PEDs when it 
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comes to reducing vulnerability, helping in the evaluation of where 
injustices may emerge, which groups might be affected, and what pro-
cesses might be best applied to both reveal and reduce injustices[50]. A 
similar framework has been applied in energy ombudsmen research 
[84], and this paper seeks to extend this energy justice lens to energy 
vulnerability factors in the case of PEDs. For PEDs, energy justice issues 
incorporate the extraction of raw materials and creation of the means of 
energy production, the production, operation, supply and consumption 
of energy within the district as well as the import and export of energy 
outside of the district boundaries. 

Main factors associated with vulnerability to energy poverty [88]are 
linked to energy justice tenets and both the guiding principles for PED 
development and PED creation pillars in the new framework below 
(Fig. 1), which provides the basis for the analysis of the PED stakeholder 
interviews. 

The framework (Fig. 1) lists the main pillars of PED creation and PED 
guiding principles (either side of the figure) which can be linked to 
justice aspects most at risk for energy vulnerable people. In terms of 
renewable energy production, this can be associated with afford-
ability given that operating costs for RES are significantly lower after 
installation ([15]), and savings may be passed on to residents, thus 
connecting to the PED principle of inclusiveness. Inclusiveness is linked 
to the affordability of housing, energy supply and energy retrofitting for 
residents in the PED. This also needs to be considered to avoid distri-
butional injustices, which might occur if segments of the population are 
priced out of the district. Indeed, distributional energy justice in the 
context of energy vulnerability refers to the spatial dimensions [12]of 
the PED, i.e. looking at the geographic location of the PED and its effect 
on energy vulnerability both within and outside of its borders. When it 
comes to PEDs and energy vulnerability, this may include the distribu-
tion of energy suppliers, inclusive financing, subsidies or affordable 
housing for example[11]. Procedural justice is central to the ways in 
which residents are able to engage in a non-discriminatory and inclusive 
manner[43]. 

Recognitional energy justice refers to whether there are groups of 
citizens that are ignored or misrepresented[50], including gender dis-
parities[33]. Furthermore, the use of renewables also has a positive 
impact on intergenerational justice compared to fossil fuels, and con-
nects to the guiding principle of sustainability. 

The PED pillar of high energy efficiency is also a major form of 
energy vulnerability mitigation, provided that it is combined with the 
PED principle of affordable housing, which also affects long-term social 
sustainability of the district. Sustainability connects to the requirement 
for heightened energy efficiency which in turn has a major potential in 
reducing energy costs for residents. Sustainability in this case is taken to 
refer to economic, environmental and social sustainability, an area 
which is often overlooked [92]. This can be connected to both inter-
generational justice where the needs of future residents and their po-
tential vulnerability to energy poverty needs to be considered. 
Furthermore, this also links to distributional justice, (related to the 
physical distribution of the means to produce, transport and store energy 
for the district), as well as global justice issues where the raw materials 
used in energy production may have a wider impact on energy poverty 
internationally. In terms of procedural justice, participation in policy 
and implementation processes connected to sustainability is deeply 
intertwined with procedural justice[69]. 

The third PED pillar of energy flexibility may be seen as connected 
to the need for some flexibility sand access to energy when it comes to 
those that are energy vulnerable, provided that different needs and 
practices are recognized, and connected to the PED principle of resil-
ience and security of energy supply. Resilience and security of energy 
supply is connected to the energy vulnerability factors of flexibility and 
access. Examples of this are time specific pricing of energy which may 
affect certain segments of the population more than others [34]. Inter-
generational justice in this context refers to ensuring that future gen-
erations are not made vulnerable owing to our actions in the present, 

and can be seen as closely associated with sustainable development[51]. 
This is particularly salient for PEDs, as in some research these have been 
positioned as polycentric business models for sustainability, which 
would help to ensure intergenerational justice[66]. 

In terms of vulnerability to energy poverty, quality of life is asso-
ciated with the different energy needs and practices of residents, as 
access to energy is a prerequisite for the realization of a good or satis-
factory life [6,7,22;45]. Identifying differing needs is essential in order 
to avoid recognitional injustices. These could involve misrecognition of 
groups (e.g., elderly or disabled), exclusion of groups as well as disre-
spect [12,63], the ease with which residents are able to change energy 
provider, how transparent and understandable billing is and the pro-
cedures and institutions available to residents (such as energy om-
budsmen [84]. 

Procedural justice in terms of PEDs may refer to how decisions are 
taken related to the allocation of both benefits and burdens, processes of 
participation and inclusion in decision-making [45]. Procedural justice 
in the form of inclusive governance is seen as being of major importance, 
and transects all of the energy vulnerability factors. 

This framework is used to both present and analyse the results from a 
series of interviews that were carried out (see Methods section for more 
details). 

3. Methods and case 

The study goal is to understand stakeholder perceptions of energy 
vulnerability, hence semi-structured interviews were chosen as the 
research method, as these enable the examination of commonalities, 
discrepancies and variations[64]and allow for the gathering of as yet 
unpublished information[80]directly from PED project stakeholders. 
Furthermore, semi-structured interviews enable researchers to under-
stand topics in depths and allow for greater flexibility in responses than 
surveys, for example. 

In order to reach data saturation1 a total of 19 interviews were 
conducted online with 5 women and 15 men (1 interview was with 2 
stakeholders, see Table 1), which also highlights the existing gender 
imbalance in energy transition pathways [33,59,78]. Interviewees were 
selected based on purposive sampling, focusing on PED stakeholders 
initially identified via the JPI PED booklet[38]as well as from interna-
tional PED projects such as Triangulum, MakingCity, TransPED, 
ATELIER and SPARCS2. PED projects were sent an email requesting an 
interview with suitable stakeholders on the topic of energy vulnerability 
mitigation, just transitions and PEDs. Contacts were asked to suggest a 
more suitable person if they were not familiar with the topic, in order to 
ensure that the interviews were fruitful. 

The interview schedule was developed based on the empirical liter-
ature and framework provided in the introduction. The semi-structured 
interviews focused on key probe themes of gentrification, community 
energy initiatives, inclusive financing, and energy advice, and were 
conducted in English (full semi-structured interview schedule included 
in Appendix 1.). 

3.1. Interviewees 

The 20 stakeholders were directly involved in managing the creation 
of PED, carbon–neutral or smart city districts, but many had multiple 
roles (e.g., political party spokesperson and planning councillor; private 
energy consultant working on PEDs and academic PED researcher). For 

1 [36] details how the number of semi-structured interviews necessary for 
reliable results is controversial, but that Guest, Bunce and Johnson [40] found 
that most data saturation occurs within 12 interviews.  

2 Triangulum: https://triangulum-project.eu/, MakingCity: https://makingcit 
y.eu/, TransPED: https://trans-ped.eu/, ATELIER: https://smartcity-atelier.eu/ 
and SPARCS: https://www.sparcs.info/. 
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more information on the main PED projects the stakeholders are 
involved in, please refer to the table in Appendix 2. Participants were 
required to give informed consent and the average length of interviews 
was 42 min. All interviews were anonymized. 

Interviews were transcribed in MaxQDA as this was readily available 
and practical for preparing, coding and exploring the transcriptions. 
Words and phrases were identified based on a series of codes which were 
created both deductively prior to the interviews, and inductively based 
on the raw data[74]. 

3.2. Analysis methodology 

The findings were analysed through thematic content analysis[62]. 
For this, categories based on the PED guiding principles were created, 
which helped to provide a better understanding of potential injustices 
and effects on energy vulnerability. 

Furthermore, to better understand and analyse the role that PEDs 
could have in mitigating energy vulnerability the analysis is structured 
by dividing member states according to levels of energy poverty, thus 
providing a clearer basis for comparison between similar member states. 
However, determining comparable levels of energy poverty is no easy 
task as there are multiple indicators which could be used in different 
ways to create different groupings (see table 2 for three examples). 
These are often divided into expenditure-based, or consensual-based 
indicators [61]. Ultimately, countries are grouped according to the Eu-
ropean Survey on Income and Living Conditions (SILC) data from 2019 
on self-reported inability to keep the home warm [96], into low (under 
2%) medium (between 2 and 5%) and high (over 5%). SILC data is 
commonly used in Europe to determine energy poverty levels, as mul-
tiple indicators are collected and reported yearly in this European-wide 
survey, enabling some form of international comparison. 

This metric was chosen over arrears on utility bills and low absolute 
energy expenditure (both of these metrics are also included in table 2) 
for several reasons. First, arrears on utility bills may not always be truly 
representative since utilities in some member states are included in total 
rental costs for tenants, reducing the possibility of entering into arrears 
in the first place. Conversely, some nations (particularly during the 
COVID19 pandemic[48]have implemented disconnection protection 
which may increase the potential for arrears. Second, although low 

absolute energy expenditure can be due to energy poverty, only older 
data was readily available (2015). It is also possible that in some cases, 
low absolute energy expenditure is due to highly energy efficient 
buildings rather than energy vulnerability. In Sweden for example, 
residential energy use has levelled off since the 1980s, largely due to 
energy efficiency policies such as the energy savings plan for existing 
buildings[58]which may help to account for the almost 25% low abso-
lute energy expenditure reported. Finally, using a self-reported measure 
further validates the lived experience of energy deprivation that citizens 
perceive to be negatively affecting their quality of life[22]. However, it 
must be recognized that self-reported measures of energy poverty are by 
their very nature subjective, and thus only comparable as a measure of 
subjective deprivation. In order to then create groupings of countries, 
those where less than 2% of citizens reported being unable to keep their 
homes sufficiently warm in Winter were considered “Low energy 
poverty”, between 2% and 5% were considered “Medium levels of en-
ergy poverty” and over 5% were rated as “High energy poverty” 
(Table 2). 

4. Results and discussion 

4.1. Broader contexts 

Common EU frameworks on PEDs and energy poverty are repre-
sented very differently in different member states which each have their 
own socio-technical, cultural, and historical backgrounds. This is 
partially because there are no common definitions of energy poverty 
within the EU (Jones et al., 2016) and levels of energy poverty differ 
widely between member state [11]. 

There were mixed responses on considering to what extent PEDs may 
mitigate energy poverty, but these broadly reflected national energy 
poverty levels. In countries with higher energy poverty levels where the 
issue may be better known and have specific policies designed to miti-
gate it, there seemed to be greater consideration for the issue within the 
context of PEDs. Most stakeholders seemed convinced that there was a 
significant potential for PEDs in this area. 

“We want to take the vision of using climate policy also as a way to 
regenerate communities. And it’s the main topic is to use the time of new 
climate actions that we are putting in place as a leveraged way to deliver a 

Fig. 1. Energy justice, PED Pillars, guiding principles and energy vulnerability, authors elaboration.  
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renovation of the city.” (MF, Milan Pos. 15). 
Multiple stakeholders highlighted the increase in energy poverty 

across Europe, both as a result of the COVID19 pandemic and the sig-
nificant increases in energy prices in 2021, as increasing the likelihood 
of PEDs being successful mitigation tools: 

“I think that positive energy districts as a concept can indeed also help the 
prevention of energy poverty in this case.” (A, Netherlands, Pos. 38). 

“The Price has to be right for the (PED to reduce) energy poverty.” (KC 
Czechia, Pos.18). 

“I am fully convinced that the fossil fuel energy price will increase in the 
future, either due to the effects which we see at the moment or due to the CO2 
price, which is on top, and therefore renewable energy will become if they are 
not already, they will become the cheapest way to provide energy. And 
therefore, under this aspect, it will also help to reduce energy poverty.” (K, 
Germany Pos. 49). 

This kind of statement highlights the scope for PEDs to be used to 
have an effect on energy vulnerability mitigation but that the way the 
PED is created is crucial and that this needs to be considered from the 
start. Otherwise, in the words of one of the Triangulum project 
coordinators: 

“At the end of the day, you are making the rich richer because they are the 
ones that really have access to these technologies because they can afford 
them.” (TL, Germany Pos. 54). 

This was shared by other stakeholders such as from the PED in 

Czechia, who highlighted the need for PEDs to function as part and 
parcel of the financial make-up of a city. Ultimately, the European SET 
Plan 3.2 [77]. for PEDs makes it clear that the bulk of the investment in 
PED growth is to come from the private sector, from real estate de-
velopers and housing companies who are profit-driven, and who may 
not consider energy vulnerability unless this is required of them. 

In order to ensure that PEDs and other such smart city concepts do 
have a meaningful role in mitigating energy vulnerability as well as 
decarbonizing the energy system, there is a need to build social inclusion 
into the design: 

“…in the end social inclusion will be the key to really produce a change 
within our cities” (TL, Germany, Pos. 59). 

PEDs are embedded within cities and cannot be considered without 
examining the wider city context. However, there was still a perception 
that PEDs could be used as a way of stimulating both decarbonised and 
inclusive urban spaces: 

“The PED is a goal, but it’s also leverage to achieve other goals.” (Br, 
Belgium, Pos. 9). 

Furthermore, PEDs interactions go further than just the cities they 
exist in, with frequent interactions between different PEDs (reported by 
numerous stakeholders, eg TL and AB). This allows stakeholders to note 
which policies are successful and replicate these in order to adapt to 
what works best, but more importantly to learn from failures and ensure 
these are not repeated: 

“What really helps is this idea of bringing all the projects together and 
sharing information as a group” (TL, Germany, Pos.53). 

One stakeholder (AB) noted that sharing was high, particularly be-
tween Netherlands, Sweden and Germany, but that some PED projects 
try to shield information that could cast them in an unfavourable light: 

“They share when it’s necessary, when it’s obligatory and when it’s not 
necessary, they say nothing” (AB, Netherlands, Pos. 17). 

4.2. Inclusiveness; affordability of homes and energy supply 

Affordability is a key topic when discussing energy vulnerability and 
PEDs. From table 3, it is clear that this is tackled in different ways ac-
cording to levels of energy poverty. The perceptions of stakeholders 
from countries with lower levels of energy poverty seemed to indicate 
that although some low-cost housing was considered, the priority was 
technical aspects of the district in order to ensure that this becomes net 
positive in terms of energy. This will, out of necessity, come about 
through the combination of renewable energy which is locally produced 
(and thus likely to be more affordable) as well as highly energy efficient 
buildings which will lower energy demand (thus also reducing associ-
ated costs). Stakeholders from Finland (Oulu and Espoo) did not seem to 
perceive of energy vulnerability as a significant problem that needed 
addressing nationally, let alone at the PED level, partially due to the 
perception of very low levels of energy poverty, and partially because 
housing in the PED is already perceived to be low cost (but not social 
housing). Finnish stakeholders seemed to see energy poverty as con-
nected to a very small rural demographic: 

“There may be some energy poverty. Say if you are 80 years old and live 
alone in a big house, then you may face energy poverty. But, it’s very rare in 
Finland, and it’s not an issue” (O, Finland, Pos. 80–81). 

For low energy vulnerability countries, in both Sweden and Finland 
affordable and low-cost housing was included, even if this was not social 
housing. However, in Austria, the PED in Graz is left entirely to market 
forces, partially owing to the wider city context and the existence of 
large quantities of social housing. This argument helps explain why 
other PEDs might not include social or affordable housing, as this is 
included in the wider city. Conversely, it can also be used to argue that 
PEDs should include social housing in order to be truly representative of 
the cities they are embedded within (e.g., Hunziker Areal, Zurich; [45]. 

In middle and high energy vulnerable countries, social housing was 
included in almost all PED projects (with the exception of Kladno and 
Amsterdam), partially because of national regulations on this. 

Table 1 
Interviews conducted.  

Interview 
number and 
gender (M/F) 

Code-Name 
assigned 

Project name, and 
stakeholders main PED 
location 

Date of 
interview 

1 M  G TransPED, Smartcity,Graz, 
Austria  

29.09 

2 M N Natural-gas free 
neighbourhoods (multiple) 
Netherlands  

30.09 

3F B MakingCity 
Kadikoy Turkey (and 
multiple across EU)  

4.10 

4 M L TransPED, Brunnshög 
Lund, Sweden  

11.10 

5F Br Positive4North 
Belgium, Brussels  

14.10 

6 M and F MM and 
MF 

SharingCities, 
Milano, Italy  

14.10 

7 M K Smart Cities 
Kaiserslautern, Germany  

15.10 

8 M Gr MakingCity 
Groningen, Netherlands  

22.10 

9 M  O MakingCity 
Oulu, Finland  

25.10 

10 M E Triangulum 
Eindhoven, Netherlands  

17.11 

11F A ATELIER 
Amsterdam, Netherlands  

17.11 

12F ES SPARCS 
Espoo, Finland  

01.12 

13 M AA ATELIER 
Amsterdam,Netherlands  

24.11 

14 M Sp SPARCs 
Portugal and 7 EU cities  

30.11 

15 M ST Triangulum 
Sabadell, Spain  

01.12 

16 M AB ATELIER 
Amsterdam, Netherlands 
and Bilbao, Spain  

26.11 

17F TL Triangulum 
Leipzig, Germany, and 
Eindhoven, Netherlands  

08.12 

18 M KC SPARCs 
Kladno, Czechia  

10.12 

19 M Mu SmarterTogether 
Munich, Germany  

21.12  
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Although social housing is not included in the main Amsterdam 
PEDs, not only did a stakeholder (AB) indicate that the choice to omit 
this was not ideal, but there was a clear view that future PEDs should 
include housing associations. Indeed, including social housing in the 
creation of future smart cities and thus PEDs in the Netherlands is 
perceived as crucial[2]. In addition, new Dutch legislation has been 
introduced in order to reduce gentrification and speculation on the 
housing market: 

“For every new house that you buy or existing house you buy, you have to 
live in it for the next three years. So, you cannot rent it out. You also cannot 
speculate on it.” (AB, Netherlands, Pos. 12). 

Overall, however, it would appear that for countries with medium 
levels of energy poverty, the question of affordability and inclusion is 
left more to national level policies and quotas rather than tackled in any 
specific manner. Thus, social housing is an integral planned aspect of 
urban living (e.g., 20% social housing in Germany). Within stakeholders 
from countries with high levels of energy poverty, gentrification and 
social housing quotas seemed to be perceived as more important. The 
PED in Milan will also include specific measures to help reduce gentri-
fication and ensure affordability, such as the “Affito condizionato”. 

“it’s a kind of rent that has some specific conditions set by the adminis-
tration. The owner of the development and the developer get a tax discount, if 
they keep the prices at a certain level and range.” (MM, Italy, Pos. 60). 

However, Milan stakeholders recognized that rapidly rising housing 
prices, together with a property boom in the city may mean that 
gentrification worsens despite the existing efforts to counter this. 

In Spain, there is legislation requiring minimum social housing 
levels, but the Bilbao PED explicitly engages with both vulnerable low- 
income residents and high-income groups, which has not been done 
before, and may help with energy poverty mitigation and inclusion: 

“Some people say it’s a little bit of a social experiment that you have at a 
relatively small area, two extremes of the spectrum because they have the low- 
end housing and the other end” (AB, Pos. 11). 

For Sabadell, Spain, the city location is such that prices tend to be 
much lower than in the rest of the metropolitan region (it is commuting 
distance from Barcelona), but there is also a significant amount of good 
quality social housing. 

“…they have already been built with standards of energy efficiency higher 
than the average.” (ST, Spain, Pos. 17). 

Affordability of energy supply, which is often used as an indicator of 
energy poverty, is perceived to be of much less importance when it 
comes to PEDs and energy vulnerability. Technical requirements of 
PEDs make it far more likely that renewable energy be produced locally, 
and the high energy efficiency of buildings in the district further reduces 
energy consumption requirements. However, in light of spiraling energy 
costs throughout Europe, there is certainly a potential for energy 
vulnerability even where energy consumption is low, and one way of 
reducing this may be through the creation of community energy 
initiatives. 

When it comes to affordability, there have been calls from the In-
ternational Union of Tenants for housing to not only become climate 
neutral but also housing-cost neutral, particularly through the use of 
funds in the aftermath of the COVID19 pandemic[23]. Such questions 
may require policymakers to examine the situation holistically and 
balance the costs of interventions against the potential benefits and 
savings that can be brought about by ensuring the district is as inclusive 
as possible (e.g., Groningen PED). 

4.3. Sustainability; energy efficiency affordability and access to 
retrofitting programmes 

The main focus of many PEDs is still on newly-built districts, which 
can be designed to be highly energy efficient. However, bearing in mind 
that most housing in the EU was built before thermal regulations ([27]), 
with only just over 5 new homes created per 1000 inhabitants in 2020 
[82], there will be a need to retrofit existing housing stock. In terms of 
retrofitting, there are few pre-existing districts that are currently being 
converted into PEDs (see Table 3). However, in all of those that are being 
retrofitted there are measures to ensure that this is inclusive, with social 
housing targeted as prime candidates for retrofitting. This makes sense, 
in that in terms of governance, districts which are predominantly 
composed of social housing are likely to be easier to retrofit than dis-
tricts with multiple mixed ownership. 

In Ghent, the decision has been made to use loans and not subsidies 
as one of the primary means of financing energy efficiency measures 
[25]. The municipality found that subsidies were less accessible for the 
energy vulnerable, and that conversely, loans permitted greater partic-
ipation from all income groups, thus increasing recognitional justice. 

Table 2 
Countries included in this study, their approach to energy poverty and PED developments,  

GROUP Country Definition of Energy Poverty Current main policies 
to deal with energy 
poverty 

Inability to keep 
home warm SILC, 
2019 

Arrears on 
utility bills 
SILC, 2019 

Low absolute 
energy 
expenditure 
SILC 2015 

Number of PED 
projects in PED 
booklet [38] 

1 Finland No Social support policies, 
disconnection protection, 

1.8%  7.8% 29.9% 4 

1 Sweden No Social policies 1.9%  2.3% 24.3% 6 
1 Austria Yes3: low household income and 

high energy costs 
Social support policies 1.8%  2.4% 15% 3 

2 Netherlands No Social support policies 
and disconnection 
protection 

3%  1.5% 4.4% 6 

2 Belgium No Energy poverty policies, 
disconnection protection 

3.9%  4.1% 14.6% 1 

2 Germany No Social support policies 2.5%  2.2% 17.49% 4 
2 Czechia No Social support policies 2.8%  1.8% 9.2% 0* 
3 Italy No (Within Milan, self-identifying 

as energy poor is considered 
sufficient 

Targeted national 
strategies 

11.1%  4.5% 13.6% 8 

3 Spain Yes: income related inability to 
keep the home warm, exacerbate 
by energy inefficient housing 4 

National strategy 7.5%  6.5% 14.6% 4  

3 https://www.e-control.at/documents/1785851/1811582/energiearmut_in_oesterreich_2016.pdf/54199124-f688-7aaa-3f46-8ab259d1d4c7?t = 15537924962 
67. 

4 https://www.miteco.gob.es/es/prensa/estrategianacionalcontralapobrezaenergetica2019-2024_tcm30-496282.pdf *The city of Kladno is listed as a fellow city in 
the H2020 SPARCS project with clear ambitions for PED creation and is thus included (https://www.Sparcs.info). Countries are clustered in groups of low less than 2%, 
medium 2–5%, and high > 5% energy poverty using the self-reported SILC data measure “Inability to keep the home warm in winter”. 
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Two forms of loans are granted following home visits in which different 
improvements are suggested and the financial status of the residents is 
discussed (see Table 4). These could be proposed in PEDs in order to 
increase access to retrofitting and reduce energy vulnerability. In 
addition, pilot projects such as EuroPACE could be replicated 
throughout member states where property taxes are payable in order to 
make retrofitting more accessible. 

The Brussels PED is exploring new forms of financing that are easier 
to access for those who are more vulnerable: 

“This payment can be upfront. That’s important to say. Not as standard, 
but if needed, it can be paid upfront. So, for people who don’t have the money 
to invest. It can be solved in this way.” (Br, Belgium Pos. 15). 

In the Brussels PED, the issue of retrofitting costs is acknowledged as 
difficult to manage, particularly for rental properties where landlords 
may increase rents to pay for retrofitting by more than the monthly 
energy savings for tenants. This is a complex issue and hard to manage, 
particularly because energy consumption practices vary from home to 
home, level of retrofitting and quality of building stock also varies, and 
thus savings are not equal. 

Amongst the PED projects in the medium energy poverty grouping, 
Groningen is also particularly worthy of mention in terms of retrofitting 
costs. The Groningen PED stakeholder explained that there are a small 
number of former social housing houses that were purchased by the 
residents and which require retrofitting beyond the financial means of 
the residents. In order to do so, rather than subsidies or loans, the 
stakeholder was able to quantify the costs of inaction versus the cost of 
providing a grant for the necessary work. 

“What are the benefits for the local society financially, but also what are 
the increasing costs for the municipality in doing nothing? Or you could also 
say what is the decrease in costs if you do quite a lot of things? So that also 
tells us actually that it is not a waste of money to invest in those houses” (Gr, 
Netherlands, Pos. 23). 

This confirms previous work in Nottingham, UK, where the co- 
benefits of conducting retrofitting (such as improving heating systems 
and replacing single glazed windows with double-glazed secure units) 
included a significant drop in burglary to domestic properties (42%) 
which was valued at nearly ¼ million yearly, 3.5 million GBP energy 
savings yearly, 700,000 GBP savings in national health costs yearly and 
a significant boost to the local economy with an estimated 1.36 GBP 
generated for every 1GBP spent (Jones et al., 2016; [53]. 

In the case of the natural-gas free districts stakeholder in the 
Netherlands, there was a clear overlap between smart energy natural 
gas-free districts and those in social housing brought about because: 

“Most of the districts that applied for that (to become natural-gas free) 

contain a lot of energy poor households.” (N., Netherlands, Pos. 72). 
The reasoning behind this is that it is simpler for a municipality to 

work with a social housing association able to make decisions for mul-
tiple homes than to work with numerous individual home owners. 
Almost 1/3 homes in the Netherlands are some form of social housing 
[73], and targeting districts which are mainly social housing reduces 
potential vulnerability to energy poverty. In the Netherlands, those 
suffering from energy poverty are believed to mainly be in urban social 
housing ( [28] which is precisely the target district for PED and natural 
gas-free smart districts (Urban, high density residential housing). 
However, the natural gas situation is quite unique in the Netherlands 
[32]and this theme recurred in Dutch stakeholder interviews. One 
stakeholder (N) recognised that vulnerable residents, in particular, will 
need protection when it comes to energy prices because natural gas has 
historically been the cheapest option. 

Furthermore, the national “Superbonus” tax rebate scheme[37]in 
Italy offers a 110% tax deduction for energy efficiency retrofits but 
stakeholders noted that this is not easily accessible to the energy poor 
who may not have the time or skill to access such schemes. 

As the PED programme continues and is replicated, more districts 
will be retrofitted, and determining fair and inclusive measures for 
retrofitting will certainly have an effect on distributional justice. 
Although the Groningen method may help to reduce energy vulnera-
bility, perhaps the use of low or no-interest loans which are paid back 
through the savings made would be a better approach, in that this would 
ensure future funds for further work in the municipality, such as in 
Brussels or Ghent. However, it is clear that although there has been 
many beneficiaries from inclusive financing such as the Italian “Super-
bonus”, this has also led to an increase in fraud[90]. Attaching finance 
for retrofitting to a property rather than a person, as in a pilot scheme in 
Olot Spain, through EuroPACE [31,60]. Further, ensuring that energy 
efficiency retrofits are of a high standard will reduce intergenerational 
injustices and make for robust districts that are “energy vulnerable 
proof”. 

4.4. Resilience and security of energy supply; flexibility and access 

Access to different energy carriers and being able to change supplier 
easily were not topics that were perceived as highly significant to PED 
stakeholders, partially because these districts are meant to involve lower 
energy use (and hence lower costs) and partially because many of these 
districts are still in the planning phase and have few or no residents. 

However, an area where there is lots of stakeholder interest is in the 
creation of energy communities. Although regulatory barriers prevent 

Table 3 
Distributive justice issues- Affordability of homes, retrofitting, energy and use of community energy initiatives.  

Energy poverty 
level 

Country where 
PED located 

Affordability of retrofitting* Affordability of energy and use of 
Renewable Energy Communities (RECs) 

Affordability of homes 

Low energy 
poverty 

Sweden Not in scope of PED project Use of residual waste-heat district heating, 
Electricity-use down to consumer choice. 

Affordable housing (but not social 
housing)  

Finland Not in scope of PED project Energy costs included in municipally owned 
housing 

Low cost (but not social housing)  

Austria Not in scope of PED project Not considered in PED project (market forces 
apply) 

Not considered in PED project (Market 
forces apply) 

Medium Energy 
poverty 

Netherlands Grants for retrofitting of privately 
owned homes in PED in Groningen 

Energy sharing considered between 
Amsterdam PEDs as pilot project 

Not in scope of Amsterdam PED- 
recognized as a shortcoming  

Germany Subsidies for landlords (but tenant rent 
protection) 

Use of local PV and green roofs, residual waste 
heat district heating 

20% social housing included in PED  

Belgium Social housing retrofitting paid using 
public funds 

Use of PV and energy communities planned Mainly social housing  

Czechia Not in scope of PED project Local PV, and residual waste heat district 
heating 

Not considered in PED project (Market 
forces apply) 

High Energy 
Poverty 

Spain Not in scope of PED project Not considered in PED project (Market forces 
apply) but strong consumer lobbying 

Social housing Included in design in Bilbao  

Italy Tax credits/ loans/ Municipal funds Plan to create multiple energy communities 
directed at reducing energy poverty 

Social housing and “Affito Condizionato” 
designed to increase affordability 

Not in scope for PEDs that are created in new districts where retrofitting is not required. 
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these from being created in many countries, following European di-
rectives such as RED II (European Commission, 2018) it is clear that it is 
only a matter of time before national legislation is implemented in order 
to make these a possibility across the board. For the moment, most 
stakeholders said that the topic was being closely monitored with a view 
to implementing some form of energy community in the future. 
Furthermore, stakeholders in Amsterdam were examining the possibility 
of sharing energy between PEDs as a pilot project, which would poten-
tially have an effect on reducing costs for residents. 

The case of Milan is particularly salient as stakeholders believed that 
a series of energy communities could be created within the city specif-
ically to reduce energy poverty and a pilot project had already started, 
highlighting potential recognitional justice benefits. Overall PEDs seem 
to be perceived as niches in which technical innovations such as 

community energy initiatives which may require regulatory changes, 
can be explored as solutions to both decarbonisation and energy 
poverty. It could even be argued that in conjunction, the current wave of 
PEDs form a strategic urban living lab in which socio-technical in-
novations can be tested prior to replication[16]. This will entail changes 
in procedural justice as new forms of energy producing and sharing are 
created. 

4.5. Quality of life; recognizing differing needs and practices 

As can be seen in Table 5, all PEDs incorporate some form of energy 
advice for residents. However, the extent of this advice, how it is given 
and to whom, vary considerably. Countries with low levels of energy 
poverty rely more on existing energy advice schemes, whereas those 
with medium levels of energy poverty seem to involve more proactive 
energy advice schemes. Particularly salient are the home visits offered in 
the PEDs in the Netherlands, and the creation of an augmented reality 
exhibition centre in Kaiserslautern which aims at extending energy 
advice beyond the local community and combining this with potential 
co-creation workshops in an exhibition centre. The stakeholder from 
Groningen PED indicated that offering energy advice is often not enough 
to reach those who are energy vulnerable, and that a concerted effort 
needs to be made to reach them: 

“We should proactively go to them and not only talk about the problems 
that they have, but also about how they should pay the bills and their fi-
nances, but also looking at their energy possibilities- to do this more proac-
tively.” (Gr, Netherlands, Pos. 67). 

In order to create truly inclusive PEDs citizen engagement is crucial. 
However, some stakeholders reported that difficulties associated with 
participation are complicated when it comes to the development of 
newly built PEDs because there are no residents to co-create with. 
Instead, residents from nearby districts are sometimes asked for input, 
but this has been further exacerbated by the COVID19 pandemic which 

Table 4 
Different forms of inclusive financing for retrofitting that could be considered for 
PEDs.  

Financial Measure In use in 
PED 

Examples of 
use 

Effect on Vulnerable 
groups 

Loans payable through 
the monthly financial 
saving on utility costs 

Not 
currently 

Ghent, Belgium Enables those that 
own their own 
property to engage 
regardless of income 
levels. Does not 
address those in 
private rental, but can 
be used for social 
housing. 

Loans payable only 
following the sale of a 
property/death of 
resident or major 
change of 
circumstances 

Not 
currently 

Ghent, Belgium Funds eventually 
return to municipality 
enabling further 
benefits. Enables 
those that are in more 
precarious living 
conditions to 
participate without 
the need for any 
increase in costs.  

Loans attached to the 
property and payable 
back through property 
taxes  

Not 
currently 

EuroPACE 
Programme  
(Based on US 
PACE 
programme), 
Olot, Spain 

Enables tenants to 
engage more easily, 
makes retrofitting 
more attractive for 
landlords, as 
retrofitting is repaid 
through taxation of 
the property. Only 
currently applicable 
in countries where 
property tax is in use. 

Full grants  yes Groningen, 
Netherlands 

Can help with specific 
targeted cases that are 
harder to reach with 
other methods. 
Reduces municipal 
costs long-term, but 
only actionable on a 
small scale as 
expensive 

Tax rebates  yes Munich, 
Germany 

Subsidies are given to 
landlords but rent can 
only be increased by 
the proportion paid by 
the landlord, (and 
limited to 8% per 
year). 

Tax rebate payable 
directly to retrofitting 
firm 

yes “Superbonus” 
110% rebate, 
Italy 

Can be paid directly to 
retrofitting firm, 
which can either use 
this for their own tax 
rebate, or sell this as a 
credit to a bank. 
Inclusive, but open to 
exploitation  

Table 5 
Citizen Participation, recognitional and procedural justice in PEDs: engagement 
and energy advice.  

Energy 
poverty 
level 

Country 
where PED 
located 

Citizen engagement/ 
co-creation 

Energy Advice 

Low 
energy 
poverty 

Sweden Minimal Municipal advice 
team  

Finland Multiple channels, Via 
media 

App on phone  

Austria Minimal Energy advice 
scheme 

Medium 
Energy 
poverty 

Netherlands Co-creation in 
Eindhoven,Minimal in 
Amsterdam,  
(with the exception of 
Schoonschip)  

Energy coaches, 
home visits, 
telephone advice 
“Energy boxes” 
given out  

Germany Minimal Exhibition centre 
with augmented 
reality, workshops  

Belgium Minimal Regional agency 
gives advice, home 
visits  

Czechia Minimal Digital literacy 
programme 

High 
Energy 
Poverty 

Spain PAH (Platform for those 
affected by mortgages5, 
“Fight against Cerberus” 
group[57] 

“Train the trainer 
programme” 
Mainly via citizen 
led groups  

Italy Civic participatory 
body created 

Use of social services 
to proactively reach 
those more 
vulnerable.  

5 PAH: https://afectadosporlahipoteca.com/. 
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has led to a move to online activities, with their own shortcomings 
(these automatically exclude those that are not online, and participation 
is dependent on stable internet connections). 

Countries with higher levels of energy poverty show the greatest 
amount of proactive energy advice, with the city of Milan innovatively 
using social services to actively target those that are most vulnerable to 
energy poverty who would be unlikely to seek out advice for numerous 
reasons (e.g., lack of resources/stigma). The case of Milan is perhaps 
unsurprising as it has had a Smart City strategy for longer than many 
cities[92]. 

In terms of citizen engagement, many PEDs are new districts with 
no/few residents. However, prior to the COVID19 pandemic, in a Tri-
angulum pilot project, residents in social housing in Eindhoven were 
invited to co-create retrofitting solutions through the use of 3D model-
ling. Stakeholders report that this was hugely successful, so much so that 
it continued after the initial pilot project had ended. 

Countries with higher levels of energy poverty show high levels of 
citizen engagement, but in the case of Spain this can be at least partially 
attributed to burgeoning social movements such as PAH and Banc 
Denergia3. The former is a citizens’ advocacy group that helps to fight 
for the rights of those that struggle to pay the rent or mortgage or are 
being evicted, providing free advice and support to those in need. The 
latter is a transformative solidarity energy association, which helps 
members to save money on their energy bills through personalized tips 
(such as changing supplier), and which uses a part of these savings to 
reduce energy injustices such as energy poverty. Similar groups such as 
the “Fight against Cerberus” group[57]demonstrate that identifying and 
defending the most vulnerable may occur from grass-root movements 
and as bottom-up actions as well as top-down governance. The stake-
holder from Sabadell noted that a new council was set up in 2008 as a 
direct result of deliberative collaborative governance in local housing 
which was heavily influenced by campaigns from PAH[71]. 

In Milan a special civic participatory body is being created to in-
crease citizen participation and ensure that the PED is as inclusive as 
possible. This is largely in response to minority and vulnerable groups 
not being easily identifiable from official databases. The body allows 
citizens to nominate themselves or others for membership according to 
categories of their own creation, in order to ensure that minorities, the 
elderly, those with mental/physical health conditions, and LGBTQ + are 
properly represented. 

5. Conclusions 

It is important to proceed cautiously with any claims that PEDs can 
alleviate energy vulnerability, as many PED projects are still in their 
infancy and it may be too soon to determine this, but it is very clear that 
stakeholders see great potential in PEDs for this. 

PED guiding principles lack definitions, leaving them open to inter-
pretation, and it is clear that many of the stakeholders interviewed saw 
these as side issues which were superseded by the importance of 
achieving the technological status of net-positive energy, despite clear 
interlinkages and added benefits that this could bring. What is very 
clear, is that if PEDs are not planned with inclusion in mind, making 
them inclusive a posteriori is problematic and difficult to manage. 

For those in countries with lower levels of energy poverty, cost and 
the need to ensure that PEDs are profitable was crucial. PEDs are not 
districts created by municipalities alone, but involve multiple private 
partners which will only engage in PED creation if this is profitable. This 
may result in PEDs which are sustainable in terms of energy, but are not 
socially sustainable. In order to ensure that these are inclusive, it may be 
necessary to introduce added legislation that guarantees minimum 
levels of inclusion. The use of awards and tax-reductions for developers 
that exceed minimal levels of inclusion could also act as a further 

stimulus mechanism. 
PED development often occurs within a niche in which special 

dispensation may be given in order to trial new forms of governance, but 
this is often limited to technical aspects. 

If PEDs are to be a continuation of the existing modus operandi of 
profit-led capitalism, these may provide exclusive green living spaces for 
the wealthy but may not contribute to a sustainable and fair society. The 
long payback times associated with energy efficiency measures make 
for-profit models less likely to be inclusive and emphasize the case for 
greater public intervention to ensure inclusive PED replication. 

In order to mitigate energy vulnerability, a number of measures are 
currently available for PEDs to make use of. Increasing the amount of 
affordable or social housing in the district will go some way to reduce 
energy vulnerability, and can be achieved through tax rebates such as 
the “Affito Condizionato” in Milan, which are given to developers as an 
incentive if housing is kept affordable. Simultaneously, retrofitting 
financing schemes such as the Superbonus in Italy could provide the 
impetus for the creation and replication of inclusive PEDs provided that 
they are regulated and monitored. Providing subsidies for landlords 
within PEDs may increase the uptake of retrofitting but combining this 
with tenant rent protection may be a way of ensuring that it does not 
simply result in the costs being passed on to tenants. The potential 
mitigating effect of RECs remains to be seen given that such energy 
communities are not fully functional everywhere in Europe, but their 
creation in Spain and Italy seems to encourage the notion that these can 
have some positive mitigatory effect on energy vulnerability. Other 
financial measures to enable greater citizen participation in PEDs such 
as the use of loans or full grants rather than partial subsidies may result 
in further uptake of retrofitting which would also reduce energy 
vulnerability. Furthermore, involving citizens in the co-creation of a 
PED such as through civic participatory bodies may increase knowledge 
related to differing needs and practices and further help to mitigate 
energy vulnerability. 

For research in energy vulnerability, this article provides a contri-
bution in emphasising the importance of including access to and 
affordability of retrofitting programmes, which are likely to become 
even more intertwined with future PEDs, that are created in existing 
districts. This article also offers a contribution for informing policy-
making in PED replication with a focus on the synergistic aims of both 
decarbonization and energy poverty mitigation, as well as adding to the 
scientific debate on how the transition can affect energy justice. Tar-
geted synergistic measures that simultaneously decarbonize whilst 
mitigating energy poverty, ensuring more effective resource manage-
ment may enable significant savings whilst providing positive sustain-
able futures. It is hard to predict future patterns of energy poverty based 
on the current reversal in trends, but it is likely that if the increase in 
energy poverty continues, this will rise closer to the forefront of Euro-
pean energy policies in different countries, even in those that do not 
currently consider targeted mitigation policies. 

In a number of the interviews, different stakeholders made it clear 
that there is a lot of interaction between projects and that cities are 
increasingly becoming able to access and share information in order to 
replicate the aspects that they consider most important. This may have 
an effect on perceptions of energy poverty and how policies are imple-
mented in different PEDs as effective policies are discussed and poten-
tially replicated. 

Further research may want to examine how this cooperation takes 
place and its effects, as well as consider transport vulnerability in the 
context of PEDs, which was beyond the scope of this paper. It would also 
have been interesting to include a further group comprising of former 
Eastern-bloc PED stakeholders, particularly as this is a part of Europe 
where energy poverty is a significant concern but there are currently few 
PED projects in these countries, and requests for interviews were un-
successful (excepting Kladno, Czechia which is included). 

In addition, PEDs have to be positioned within the wider context of 
the cities they are in, the decarbonization and energy poverty mitigation 3 BancDenergia: https://bancdenergia.org/. 
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drives that occur more widely within the city. Whilst they are useful as 
concepts and as levers for stimulating change, they do not exist in a 
vacuum and will have a potential effect on surrounding areas which 
should not be forgotten. 

There are significant differences between the ways that PED stake-
holders consider the guiding principles as set out by JPI Urban Europe, 
and it may be necessary to draw attention to this for future PED repli-
cation, in order to ensure that they are truly inclusive. PEDs may be a 
way of enabling those with limited income to participate in the energy 
transition, but the current manner in which PED guiding principles are 
presented may need to be changed and clear guidance provided to 
stakeholders. Having established that PEDs can become a reality and 
that the technology available is sufficient, more consideration needs to 
be given to ensure the social dimension and corresponding potential 
social benefits are included in decisions on new PED creation. 
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Appendix 1. Semi-structured interview themes 

Interview Questions are divided into themes, within each theme we examine the policies, processes and main stakeholders: 
I.Gentrification. 
a) What measures are you planning/ do you have in place to mitigate the negative aspects of gentrification. 
b) How much social housing, how is this managed and distributed? 
c) How will/do rents compare to other districts in the same city? 
D) how widely does/will the district reflect wider city demographics. 
E) What policies are in place to encourage participation, particularly of those who are more vulnerable? 
II.Fair and inclusive financing for retrofitting, or for access to new homes.  

a) What forms of financing are available for retrofitting and how are these inclusive? (not applicable to new districts, hence for new districts: what 
financial measures are in place or being considered to include more vulnerable residents in the district?)  

b) What are the main stakeholders involved in this and who is missing?  
III. Energy Communities  
(a) What forms of RET ownership are being considered/implemented in the district?  
(b) How and to what extent are these inclusive?  
IV. Mobility  
a) What measures are in place to ensure inclusive mobility?  
V. Energy Advice and Supporting shifts in energy consumption behaviour  
a) Where and how is energy advice given to residents?  
b) When considering new technologies (eg smart meters and IoT) what forms of training are given to residents?  
c) Are there specific measures to ensure this is inclusive?  

VI. Other aspects not previously covered, including energy justice 

Appendix 2. , main positive energy districts associated to the stakeholders interviewed.  

PED project, district, city, country Share of 
residential 

Size of 
project 

Main energy characteristics and project website 

SPARCS lighthouse city Espoo, Districtcs of 
Kera, Espoonlahti, Leppävaara, Finland  21%  52HA 

Circular economy, Solar thermal energy, geothermal energy, district heating, Heat pump 
system, waste heat, seasonal storages, batteries, PV, biomass CHP, bi-directional eV 
charging; 2nd life battery; peer to peer energy transaction, Virtual Power Planthttps:// 
www.sparcs.info/cities/espoo 

Making-city lighthouse city Oulu, Kaukovainio 
district, Finland  75%  4 HA 

Retrofitting, Geothermal technology and PV, ICT, district heating system using waste heat. 
https://makingcity.eu/oulu/ 

Brunnshogg 
Lund, Sweden  40%  225HA 

Solar Thermal Energy, heat pump system, district heating, Industrial waste heat, PVhttps:// 
lund.se/brunnshog 

Reininghaus, Graz Austria 70% 
No social housing  100HA 

Geothermal energy, district heating, heat pump system, industrial waste heat, PVhttps:// 
xn– 
reininghausgrnde-vzb.at/ 

ATELIER lighthouse city,Buiksloterheim, 
Amsterdam, Netherlands  56% 

No social housing  
2.85HA 

Solar thermal energy, district heating, heat pump system, PV, peer to peer energy trading 
pilot, 
https://www.Smartcity-atelier.eu/about/lighthouse-cities/amsterdam/ 

(continued on next page) 
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(continued ) 

PED project, district, city, country Share of 
residential 

Size of 
project 

Main energy characteristics and project website 

Makingcity lighthouse city Groningen, North 
and South Districts Netherlands  Ca50%  17HA 

27HA 

PV, Solaroad (road surface is PV), waste digestion, geothermal and waste heat (from data 
centre), geothermal heatpumps, district heatinghttps:// 
makingcity.eu/groningen 

Positive4North, North Quarter, Brussels, 
Belgium  Ca.50%  730HA 

Retrofitting, geothermal energy, district heating, PVhttps:// 
jpi-urbaneurope.eu/wp-content/uploads/2020/06/PED-Booklet-Update-Feb-2020_2.pdf 

Pfaff, Kaiserslautern, Germany  
Ca.30%  23HA 

PV, industrial waste heat, district heating, heat pumps, green roofshttps:// 
www.pfaff-quartier.de 

Werksviertel, Munich, Germany Ca.30% 390HA District heating, heat pump system, PVhttps:// 
werksviertel.de/?page_id = 410&lang = en 

SPARCS, (and Triangulum) Baumwollspinnerei 
and Leipzig-West, 
Leipzig, Germany  

Ca 50% with social 
housing  

300HA 
Virtual Positive Energy Community, solar thermal plant, heat storage, ICT integration, 
intelligent EV charging and storage, micro gridhttps:// 
www.sparcs.info/cities/leipzig 

SPARCS, Sports Area Sletǐstě, Růžová Pole Area 
Kladno, Czechia  Ca 20% 

Not 
finalised 

PV, E-mobility, retrofittinghttps:// 
www.sparcs.info/cities/kladno 

Sharingcities, Porta Romana, Vettabbia Milan, 
Italy 

100% with social 
housing  2.8HA 

Citizen co-design, retrofit, emobility, Solar thermal energy, geothermal energy, heat pump 
system, PVhttps:// 
www.sharingcities.eu/sharingcities/city-profiles/milan 

ATELIER lighthouse city, Zorotzaurre Island, 
Bilbao, Spain 

30%, to include 
social housing  83HA 

Geothermal energy, district heating, heat pump system, PVhttps:// 
smartcity-atelier.eu/about/lighthouse-cities/bilbao/ 

Triangulum, Sabadell,Spain 60% Mainly Social 
housing 

378HA Retrofitting, PV, network of soft mobility, LED public lighting, smart irrigation of parks, 
remote energy management of public buildingshttps:// 
triangulum-project.eu/?page_id=2350   
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SPARCS, (and Triangulum) Baumwollspinnerei 
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Virtual Positive Energy Community, solar thermal plant, heat storage, ICT integration, 
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in Transition: Expert stakeholder insights on low-carbon energy transitions in 
Spain. Energy Res Social Sci 2020;64:101414. https://doi.org/10.1016/j. 
erss.2019.101414. 

[79] Sougkakis V, Lymperopoulos K, Nikolopoulos N, Margaritis N, Giourka P, 
Angelakoglou K. An Investigation on the Feasibility of Near-Zero and Positive 
Energy Communities in the Greek Context. Smart Cities 2020;3:362–84. https:// 
doi.org/10.3390/smartcities3020019. 

[80] Sovacool BK. The methodological challenges of creating a comprehensive energy 
security index. Energy Policy, Special Section: Frontiers of Sustainability 2012;48: 
835–40. https://doi.org/10.1016/j.enpol.2012.02.017. 

[81] Sovacool BK, Lipson MM, Chard R. Temporality, vulnerability, and energy justice 
in household low carbon innovations. Energy Policy 2019;128:495–504. https:// 
doi.org/10.1016/j.enpol.2019.01.010. 

[82] Statista, 2020. Completed housing units per citizens by country Europe 2020 
[WWW Document], 2020. Statista. URL https://www.statista.com/statistics/ 
650790/completed-dwellings-per-citizens-by-country-europe/ (accessed 
11.30.21). 

[84] Stojilovska A. Energy poverty and the role of institutions: exploring procedural 
energy justice – Ombudsman in focus. J Environ Plann Policy Manage 2021:1–13. 
https://doi.org/10.1080/1523908X.2021.1940895. 

[85] Streimikiene D, Balezentis T. Innovative policy schemes to promote renovation of 
multi-flat residential buildings and address the problems of energy poverty of aging 
societies in former socialist countries. Sustainability 2019;11:2015. 

[86] Thellufsen JZ, Lund H, Sorknæs P, Østergaard PA, Chang M, Drysdale D, et al. 
Smart energy cities in a 100% renewable energy context. Renew Sustain Energy 
Rev 2020;129:109922. https://doi.org/10.1016/j.rser.2020.109922. 

[88] Thomson H, Bouzarovski S, Snell C. Rethinking the measurement of energy poverty 
in Europe: A critical analysis of indicators and data. Indoor Built Environ 2017;26: 
879–901. https://doi.org/10.1177/1420326X17699260. 

[89] Thomson H, Simcock N, Bouzarovski S, Petrova S. Energy poverty and indoor 
cooling: An overlooked issue in Europe. Energy Build 2019;196:21–9. 

[90] Times TS. Italy: 4.4 billion Super Bonus 110 scams. The Switzerland. accessed 
2.14.22 Times 2022. https://www.theswitzerlandtimes.com/italy-4-4-billion-sup 
er-bonus-110-scams/. 

[91] Tirado Herrero S, Nicholls L, Strengers Y. Smart home technologies in everyday 
life: do they address key energy challenges in households? Current Opinion in 
Environmental Sustainability, Sustainability governance and transformation 2018; 
2018(31):65–70. https://doi.org/10.1016/j.cosust.2017.12.001. 

[92] Trivellato B. How can ‘smart’ also be socially sustainable? Insights from the case of 
Milan. Eur Urban Reg Stud 2017;24:337–51. https://doi.org/10.1177/ 
0969776416661016. 

[93] Weber G, Cabras I. The transition of Germany’s energy production, green economy, 
low-carbon economy, socio-environmental conflicts, and equitable society. 
J Cleaner Prod 2017;167:1222–31. https://doi.org/10.1016/j. 
jclepro.2017.07.223. 

[94] Zhang X, Penaka SR, Giriraj S, Sánchez MN, Civiero P, Vandevyvere H. 
Characterizing Positive Energy District (PED) through a Preliminary Review of 60 
Existing Projects in Europe. Buildings 2021;11:318. https://doi.org/10.3390/ 
buildings11080318. 

[95] Hedman Å, et al. IEA EBC Annex83 Positive Energy Districts. Buildings 2021;11(3): 
130. https://doi.org/10.3390/buildings11030130. In press. 

[96] Eurostat 2019; 2019 . [Accessed 11 February 2022 ]. 

A.X. Hearn                                                                                                                                                                                                                                       

https://doi.org/10.1016/j.rser.2017.07.006
https://doi.org/10.1016/j.rser.2017.07.006
https://doi.org/10.1016/j.apenergy.2018.10.005
https://doi.org/10.1016/j.apenergy.2018.10.005
http://refhub.elsevier.com/S0306-2619(22)00803-0/h0320
http://refhub.elsevier.com/S0306-2619(22)00803-0/h0320
https://doi.org/10.1016/j.erss.2015.02.001
https://doi.org/10.1016/j.jclepro.2021.129917
https://doi.org/10.3390/en13184977
http://refhub.elsevier.com/S0306-2619(22)00803-0/h0345
http://refhub.elsevier.com/S0306-2619(22)00803-0/h0345
http://refhub.elsevier.com/S0306-2619(22)00803-0/h0345
https://doi.org/10.1080/07352166.2017.1310531
https://doi.org/10.1016/j.jclepro.2021.127003
https://doi.org/10.1016/j.enpol.2019.07.005
https://doi.org/10.1016/j.enpol.2019.07.005
https://doi.org/10.1186/s12874-019-0707-y
http://refhub.elsevier.com/S0306-2619(22)00803-0/h0380
http://refhub.elsevier.com/S0306-2619(22)00803-0/h0380
https://doi.org/10.1016/j.erss.2019.101414
https://doi.org/10.1016/j.erss.2019.101414
https://doi.org/10.3390/smartcities3020019
https://doi.org/10.3390/smartcities3020019
https://doi.org/10.1016/j.enpol.2012.02.017
https://doi.org/10.1016/j.enpol.2019.01.010
https://doi.org/10.1016/j.enpol.2019.01.010
https://doi.org/10.1080/1523908X.2021.1940895
http://refhub.elsevier.com/S0306-2619(22)00803-0/h0425
http://refhub.elsevier.com/S0306-2619(22)00803-0/h0425
http://refhub.elsevier.com/S0306-2619(22)00803-0/h0425
https://doi.org/10.1016/j.rser.2020.109922
https://doi.org/10.1177/1420326X17699260
http://refhub.elsevier.com/S0306-2619(22)00803-0/h0445
http://refhub.elsevier.com/S0306-2619(22)00803-0/h0445
https://www.theswitzerlandtimes.com/italy-4-4-billion-super-bonus-110-scams/
https://www.theswitzerlandtimes.com/italy-4-4-billion-super-bonus-110-scams/
https://doi.org/10.1016/j.cosust.2017.12.001
https://doi.org/10.1177/0969776416661016
https://doi.org/10.1177/0969776416661016
https://doi.org/10.1016/j.jclepro.2017.07.223
https://doi.org/10.1016/j.jclepro.2017.07.223
https://doi.org/10.3390/buildings11080318
https://doi.org/10.3390/buildings11080318
https://doi.org/10.3390/buildings11030130

	Positive energy district stakeholder perceptions and measures for energy vulnerability mitigation
	1 Introduction
	2 Theoretical background and framework
	3 Methods and case
	3.1 Interviewees
	3.2 Analysis methodology

	4 Results and discussion
	4.1 Broader contexts
	4.2 Inclusiveness; affordability of homes and energy supply
	4.3 Sustainability; energy efficiency affordability and access to retrofitting programmes
	4.4 Resilience and security of energy supply; flexibility and access
	4.5 Quality of life; recognizing differing needs and practices

	5 Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgments
	Appendix 1 Semi-structured interview themes
	Appendix 2 , main positive energy districts associated to the stakeholders interviewed.
	Appendix 2 Main positive energy districts associated to the stakeholders interviewed.

	Reference


