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Abstract: Participatory energy planning at the local level engages citizens, builds legitimacy and
trust, and increases successful implementation of renewable energies. In the context of heat planning,
technology choices highly vary depending on the local context and social conditions and including
social input therefore benefits the planning process. This research adds to the current literature,
which lacks concrete examples and verified approaches that clarify what the guiding principles of
participatory energy planning are and how the opportunities and challenges can be dealt with. This
paper elaborates on these opportunities and challenges and proposes a process design, using multiple
tools (a survey, an Information-choice Questionnaire, and workshops) to collect the social input that
is necessary to make technology choices in a participatory manner. The process design is applied
and tested in a case study of a Dutch neighbourhood and lessons learned are drafted as a basis for
further research.

Keywords: heat planning; citizen participation; informed decision-making; socio-technical
integration; neighbourhoods

1. Introduction

There is general consensus among scholars and policy-makers that participation of
citizens in renewable energy planning is highly relevant, not least to enhance successful
implementation and build legitimacy for the proposed solution [1]. Other effects, such
as robustness of results, stakeholder learning, formation of new social networks, and
the strengthening of relationships between various stakeholder groups are also regularly
mentioned [2]. However, methods for citizen participation, including the development of
adequate tools, are limitedly studied in the context of energy. Participation and community
engagement only play a marginal role in energy governance research [3]. Participation
is also focused on stakeholders, experts, and policymakers rather than citizens [4]. Addi-
tionally, in the field of energy modelling, stakeholder representation is hardly included in
existing studies and modelling tools [5].

McGookin et al. [2] created an overview of existing participation methods, thereby
summarising methods that are used for facilitating stakeholder input in quantitative analy-
ses, including multicriteria decision analysis and system dynamics modelling. Although
these techniques appeared to be useful in individual cases, several shortcomings with the
existing studies can be identified. Firstly, most of the research on public participation in
renewable energy has mainly focused on single-case evaluation [3,6] and insights in the
applicability to a variety of cases and contexts are missing. Secondly, the focus of participa-
tion in renewable energy planning lies on creating acceptance after decisions have been
made rather than on the assessment of options [6]. A scenario approach is more often used
for developing a shared vision or for explorative scenario generation, than for consensus
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building [2]. Thirdly, most participatory modelling studies are based on single interactions
for stakeholder input and the majority of the cases studied exhibit limited evaluation of and
feedback on results, as identified by McGookin [2]. They state that the stakeholder process
should be iterative, where participants evaluate the results as well as take part in shaping
solutions. Huttunen et al. [4] also found that citizens are rarely engaged throughout the
research process. Including reflexivity, referring to the principle of stakeholders providing
feedback that is taken into account in the further process, would be essential to realise
a form of participation that reaches the full benefits of co-creation of knowledge [4,6].
Currently, citizens feel locked-out of decision-making [7], and cooperative mechanisms
that empower local people to engage in policy and decision-making are much needed.

An additional point of attention is that the focus should not shift to the social aspect
alone but should lie on the integration of complex, technical information and associated
decision-making with the social process of decision-making. Owens and Driffil [8] have also
pointed to the need for socio-technical interdisciplinarity in the context of energy, enabling
more productive dialogue and enhancing learning between disciplines. Cajot et al. [9]
stressed the need for a combination of interconnected solutions, which reinforce each
other to tackle the issues of urban and energy planning in a comprehensive and dynamic
way. Contributions in this field should focus on these cutting-edge disciplines. Successful
implementation of renewable energies is not a matter of techno-economic optimisation,
but “a process in which the ‘social’ and the ‘technical’ are inextricably intertwined, and
technologies co-evolve with programmes of governing”, as described by Corsini et al. [3].
Most existing research on the topic, however, uses stakeholder engagement theory [3].
The weakness of this approach is that participation may become a communications and
legitimacy strategy rather than an empowering process for citizens’ initiative [3,10].

Some studies have proposed participatory approaches that respond to the need for
interdisciplinarity and for processes rather than single interventions. The Cities4ZERO
project [11], for instance, developed a participatory planning approach consisting of differ-
ent steps that involve stakeholders in multiple ways, and is one of few examples where
a full process design is outlined. The Smart Energy Cities project [12] uses a stepwise
method where social neighbourhood categorisation simultaneously takes place with techno-
economic scenario building. Heaslip and Fahy went a step further with a transdisciplinary
design, with a larger focus on co-creative contributions of the community [13]. What could
still be strengthened in these approaches is a clearer translation of social data to technology
choices within the participation process.

This paper builds on the work of [14,15], where the techno-economic modelling and
social data gathering were presented as separate methods, and contributes to the body of
knowledge by bringing those together in an integrated, participatory planning process
design that deals with the addressed issues of reflexivity in community engagement,
collective decision-making, and the translation of social data to technology choices by a
mixed method approach. A process design consists of multiple methods that are necessary
to facilitate a reflexive, empowering social process, in line with what the literature suggests.
The approach is applied and tested in a case study in Groningen, The Netherlands. Insights
from this case study deliver recommendations for how to move forward in participatory
energy planning research and practice.

The paper is organised as follows: First, we go deeper into some issues in participatory
approaches and lessons learned so far and assemble criteria for participatory approaches
(Section 2.1). Then, we present our method, where we introduce the tools that we used
in the process design and how they deal with the previously identified requirements
and challenges (Section 2.2). In Section 3, we present our findings from the case study
and discuss the lessons learned from applying this new method to each process step,
as well as the process of translation of social data to technology choices. In Section 4,
we draw conclusions based on what we learned in the case study and outline relevant
recommendations for policy-makers and practitioners in the field of local energy planning.
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2. Methodology
2.1. Criteria

With the deficiencies and challenges of studied participatory approaches in mind, a
participatory process was designed that meets the following criteria:

• Facilitates multiple interactions between planners and citizens.
• Includes representative stakeholder groups.
• Stimulates group thinking and collective spirit.
• Provides information based on which informed decision-making can take place.
• Includes evaluation and feedback moments with citizens.
• Translates social data to scenario selection.
• Facilitates reaching a consensus on a preferred solution.

Despite the many advantages of participatory methods, including promoting legiti-
macy, building trust, reducing conflict, supporting mutual understanding, and building
social capital, critics have also raised concerns. One of those concerns includes certain
forms of participation being ineffective and time-consuming [16,17]. Related to the partici-
pants themselves, critics argue that citizens lack expertise and knowledge and are rather
motivated by their personal interest, instead of acting on behalf of the public good [16].
These aspects can be considered not necessarily weaknesses, but rather conditions to a
successful approach that should be adequately dealt with. In the following sections, we
further elaborate on some of those main conditions and criteria.

2.1.1. Inclusiveness and Representativeness of Stakeholder Groups

Although it is necessary to involve a diverse group of participants [18], participants in
renewable energy projects differ in relation to, i.e., age, sex, and education, where some
groups are much better represented than others [19]. Often, only a small group is involved
in the participation process, or there is a lack of representation from particular stakeholder
groups [2]. Those who are already active or interested in sustainability issues or otherwise
dominant groups are more easily engaged, which forms the risk of only engaging those
groups [4]. Recruiting a representative participant group in the participation process is
needed to gain legitimacy of the results [2]. Existing participatory planning instruments
very limitedly take this into account. Charettes (design-based workshops) (e.g., [20]),
multicriteria workshops (e.g., [21,22]), and similar methods that aim to bring together social
process with scenario building, hardly address this issue and rather focus on the interaction
between experts and groups of organised local stakeholders. In the literature, an increasing
number of studies can be found that have identified ex post which groups participated
in renewable energy projects [23–27]. The narrow characteristics of participants indicates
the need to pay more attention to involving groups that are less likely to participate.
Implementation and acceptability can only be achieved when all stakeholders participate
in all phases of the project [6], as well as groups of less active citizens [4]. One reason
for specific groups of citizens to not participate is a mismatch between the needs and
desires of each group and the form of participation. Information meetings, for instance,
can create barriers to participation due to the time, duration, way of communicating, and
expected knowledge level. To better connect with the needs and desires of each group, it is
important to map the diversity of the community at the start of a project and to develop
participation forms that match the target group(s). To be able to involve a diverse group
of citizens, and make it possible for everyone to participate on an equal basis, a solution
would be to have multiple ways of communicating with citizens [18]. Brainstorming, for
instance, requires a different skillset than discussing technical information. In the light of
power inequalities, Huttunen et al. also mention that different methods are needed to both
reach out to different groups of citizens and to enable their active contribution [4]. One
of the ways to create an equal basis in dialogue is to let participants talk about personal
experience, which stimulates ownership and understanding of the issue [18].
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2.1.2. Educating the Public

Policy and planning usually involve complex challenges. If citizens are to play a role in
these decision-making processes and make decisions that can deliver reliable input to policy-
makers, understanding of the matter is a prerequisite to such a process. People should thus
be educated on the policy problem, possible views and solutions, and impacts of choices.
It is important that a range of options can be explored, thereby avoiding that people are
pushed in targeted directions, as is often the case in public engagement techniques [28].
Participatory planning processes should facilitate educating the participants, so that they
are able to make informed choices. Huttunen et al. [4] mention several examples of studies
that show that participants were better able to make informed decisions after receiving
information. Komendantova et al. [29], for instance, showed in a case study using multi-
criteria decision analysis that understanding of the relation between the modelling results
and the expressed preferences for the criteria made participants change their criteria
rankings. Similarly, Mah et al. [30] showed that learning enabled participants to make
trade-offs between more complex energy decisions.

2.1.3. Dealing with Complexity of Information

One of the main challenges in participatory energy planning approaches is dealing
with complex information. Most of the technical information is not only new to participants,
but there are also various uncertainties, bandwidths, and assumptions in the data. When
bringing quantitative methods in to the process, “time to explain and justify these assump-
tions to participants will consume a significant portion of a workshop” [2]. Overloading
participants with large amounts of information and facts can make it difficult to engage
a diverse group of participants together [18]. People tend to be most affected by tailored
information, as was demonstrated by Abrahamse et al. [31], while group decision-making
is involved with a more general and abstract type of information. It is therefore a challenge
to make a good consideration of which information is provided to whom, in what form,
and in which phase of the project. What adds to the complexity issue is that information
provision alone is not sufficient to change attitudes and behaviours, as physical, social,
cultural, and institutional contexts shape and constrain people’s choices and options [8].
The way people perceive and process the information may be very well affected by those
contexts. Information provision is also passive, whereas acceptance is anchored in inter-
active, deliberative communication with the public [8,32]. At the same time, information
provision is also a necessary condition for starting dialogue [32].

2.1.4. Group Thinking and Group Interactions

When discussing energy with various stakeholder groups, ideas are shared which have
mutual influence on participants. Although this can have major benefits, such as building
new stakeholder networks and collective learning, there are also downfalls that need to be
considered and adequately dealt with in workshop design, such as cognitive biases and
heuristics, ‘group thinking’ effects, or dominance of one or a few individuals, stakeholder
fatigue, hidden assumptions, the risk of simplifications, challenges in uncertainty analysis,
ambiguities in model interpretations, etc. [1].

There are enough indications reported in the literature against the critique that people
are just acting from self-interest and would not be able to think and act from a collective
point of view. If the group process is facilitated in a way that creates an opportunity to
discuss different views and motivations, deliberative dialogue can start to take place. The
concept of deliberative dialogue refers to the idea that dialogue aims to bring together
different views and create mutual understanding and ownership, thereby shifting the
focus from the individual to the collective when it comes to taking action, and start seeing
themselves as actors [18]. Talking helps people see the connection between self-interest and
that of the group, leading to cooperative behaviour [16].
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2.2. Process Design

Figure 1 provides an overview of the process design, which consists of 5 steps:
(1) exploration, (2) community scouting, (3) scenario development, (4) dialogue, and
(5) decision-making. During the process, multiple tools are used, based on the work in [14],
in which a techno-economic model is presented that takes stakeholder differences into
account, and [15], in which a methodology is presented to create a social profile of a
neighbourhood. The integration between social and techno-economic aspects of energy
planning is central to the approach. Therefore, the process design includes a social line
where social data were gathered using three different tools, and a technical line, where a
techno-economic model was used to generate the required data on energy measures. The
key aspect of the design is the integration line, where social data are translated to the mod-
elling process: the social profile shapes boundary conditions for the (financial and practical)
feasibility of measures, the technical preferences provide a first selection of possible scenar-
ios, and the workshops allow a further refinement of the preferred scenario(s). In this way,
social characteristics are shaping the technical solution and are funnelling the preferred
solution further during the process. The model is applied in each of the 5 identified steps,
from model runs with generic data in step 1 to one or a few detailed scenarios in step 5.
Each phase was evaluated with the researchers and local stakeholders in an evaluation
session around three evaluation themes: technical solutions, community participation,
and information sharing. In the process of collective, transdisciplinary learning, these
evaluation sessions, which form the scientific line, were essential. The tools are described
in more detail in the following sections.
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Figure 1. Process design overview.

2.2.1. Stakeholder Analysis

Prior to contacting stakeholders in the neighbourhood, a stakeholder analysis can
provide data to help one determine who should be involved in the process and reveal
any concerns in the relationships among people that should be considered as the process
moves forward. The relevant stakeholders were initially identified based on desk research
and interviews with key stakeholders, and further expanded during the following phases
(survey research and workshops) where more information came to light.

2.2.2. Social Fingerprint

To be able to design solutions that fit the neighbourhood, a good understanding
of the social characteristics is necessary. Bouw et al. [15] have developed a survey to
map relevant social factors and construct a social profile that helps identify the weak and
strong points of a neighbourhood. These insights can be translated to a practical approach,
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as shown in a case study based on this method [33], and help identify some important
boundary conditions for technology choices. The survey consisted of 40 questions, which
measured 25 factors covering community factors, individual factors related to sustainability,
demographic factors, socio-historic factors, and participation factors. More information on
the theoretical framework can be found in [15].

The survey was distributed on paper by door-to-door visits. Each house was visited
at least once in the period of May–June 2022. Each respondent was asked to fill in the
survey in hardcopy and agreed to a pick-up time. If respondents were not able to fill
in the survey before one of the pick-up times or were not at home during one of those
times, the respondents were offered to take the survey online. Much effort was put
into creating a sufficiently large and representative group of respondents because this
group was also invited to take part in the following questionnaire and workshops. The
data were checked for coverage errors, sampling errors, and nonresponse errors. The
neighbourhood was divided into clusters to ensure an equal distribution of respondents
over the different streets and housing types. The data were subsequently compared with
statistical data of the neighbourhood, including age, education, and household composition.
Measurement errors have been overcome as much as possible by extensive testing and
previous experiences with the survey, as described in [15].

The gathered responses were analysed using SPSS, version 27, and the social profile
showing 23 factors was visualised using R studio. To perform the visualisation, the items of
this so-called ‘social fingerprint’ profile were expressed with a value on a 10-point scale by
assigning them a weighting. For both ordinal and nominal variables, the mean was taken
and then scaled with a weighting factor to create a 10-point scale to make them comparable.
The process of creating a social fingerprint is described in more detail in [33].

2.2.3. ICQ

Information-choice Questionnaires (ICQs) were originally developed to provide re-
spondents with the necessary information to reach informed opinions about complex
topics [34]. ICQs have been applied in the field of energy in recent years on the topics of
Carbon Capture and Storage (CCS) [35–37] and renewable energy in Kenya [38]. Previous
research on ICQs has shown that opinions change after information was provided, con-
firming the use of providing information prior to asking one’s opinion on a topic which
they have little knowledge about. Concerning the transition from gas heating to sustain-
able alternatives, knowledge deficits play a role as well as many people are not aware of
all the characteristics and consequences of heating alternatives, such as heat pumps and
district heating.

The ICQ was also chosen as a method to incorporate additional non-financial aspects
of technologies as the developed techno-economic model primarily focuses on costs and
CO2 emissions. As Li et al. show, costs alone do not have a decisive effect on homeowners’
choices [39]. It helps create insight into the sensitivities that are relevant in homeowners’
decision-making. ICQs and other quantitative methods such as Public Value Evaluation
(PVE) provide information on impacts of policy options, and therefore have a stronger link
to policy development and decisions than economic evaluation methods [17].

Therefore, an ICQ was developed to measure technology preferences focused on three
heating alternatives (all-electric heat pumps, hybrid heat pumps, and district heating). The
technologies were not defined beforehand but were selected based on the results of step
2 (the social profile), see further information in Section 3.2.2. In contrast to some of the
previous research, the ICQ in this context was not applied as a conclusive list of solutions to
deduct a final choice, but rather as a selection of varying types of solutions to make a further
selection of acceptable choices, after which additional tools (scenario workshops) were used
to provide deeper information and decision-making. Various aspects of the technologies
were included, such as costs, CO2 emissions, physical implications, and nuisance. A list of
statements included in the ICQ is provided in Appendix A. This information was compiled
by energy experts from a selection of knowledge institutions and translated for lay people
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by the researchers. Respondents were asked to evaluate each aspect of the technology and
indicate a preference for one technology. All respondents to the social fingerprint survey
that left an e-mail address and indicated to be interested in follow-up research received an
invitation to participate in the ICQ. The ICQ was communicated as a preparation for the
following workshop.

2.2.4. Techno-Economic Model

Data on the various techno-economic scenarios were generated with a model that was
able to show results split in stakeholder groups and system components. The methodology
was chosen for its ability to show consequences of choices for individual homeowners
as well as the wider system and support discussion on how costs are distributed over
different system components between various technology alternatives, for instance higher
capital costs versus higher operational costs due to a high energy bill or grid costs. The
methodology is described in detail by Bouw et al. [14].

The model was applied in each step of the process, while increasingly narrowing
down possible scenarios using the collected social data. In the first step, the model was
run with general data to get an idea of the feasibility of different technology options. In
the second step, local data were gathered and used to make the model more specific to the
neighbourhood. The housing types were mapped as well as potential heat sources. Social
boundary conditions were considered by potentially including or excluding technology
options based on the level of collectivism and investment costs. In the third step, technical
preferences, as identified in the ICQ, were added to further exclude unpreferred scenarios
and/or focusing more on preferred scenarios. In steps 4 and 5, a selection of scenarios
that were thought to be most fitting to the neighbourhood were presented and discussed
in workshops.

2.2.5. Workshops

After collecting information on social boundary conditions and on technical prefer-
ences of people, workshops were organised to present a selection of potential scenarios to
the people. The main goal of the workshops was to go into more detail on the possibilities
and implications of technology choices to gain an understanding of the motivations behind
preferences and potentially reach a consensus on a preferred solution. The group process is
essential not only to make clear which solution is preferred by the inhabitants and what
sensitivities need to be considered, but also to build ground for a collective project. In the
Dutch policy context, the neighbourhood-by-neighbourhood approach is central in heat
planning and therefore it is necessary to facilitate joint decision-making.

All respondents to the social fingerprint survey that left an e-mail address and in-
dicated to be interested in follow-up research received an invitation to participate in a
workshop. Additionally, the workshop was announced through the neighbourhood’s social
media. The workshops took place in two rounds, where in the first round the focus was
on presenting and discussing potential scenarios and in the second round the focus was
on reaching consensus and decision-making. Different working methods were used in
both workshops. In the first workshop, researchers presented possible scenarios, after
which participants could respond in a group discussion. The second workshop had a more
creative character, where participants could brainstorm about potential solutions. Both
workshops physically took place in the community centre of the neighbourhood and were
moderated by the researchers.
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3. Results and Discussion
3.1. Short Case Description

The developed process design was applied in a case study of the combined neighbour-
hoods ‘De Hunze’ and ‘Van Starkenborgh’ in the city of Groningen (The Netherlands). De
Hunze mainly consists of terraced and semi-detached houses that were built around 1990,
whereas houses in Van Starkenborgh are somewhat newer and date from the period of
2002–2004 (see Figure 2). The houses have a good insulation level, varying in energy labels
(the Dutch energy label system assigns a label to each house according to the thermal energy
performance, from label G (very poor performance) to label A+ (very good performance)).
Labels A to C and are all connected to the natural gas network. The sociodemographic
characteristics of the neighbourhoods are summarised in Table 1.

Figure 2. Map of the neighbourhoods De Hunze and Van Starkenborgh divided into clusters of similar
housing types. The photographs (author’s own collection) are illustrating the different housing types.

Distinctive for these neighbourhoods is the high income and education level, and
the high share of private ownership. The neighbourhoods are located on the edge of
the earthquake region of Groningen, where induced seismicity from gas extraction has
caused (minor) damages to the houses. Many households have received or will receive
governmental subsidies as compensation for the damages and/or value depreciation as
well as a general subsidy for home improvements. This formed the motivation for a group
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of inhabitants, the ‘Energy Team’, to unite and support neighbours to use the money to
invest in the sustainability of their own homes. In addition, the municipality has appointed
this neighbourhood as an all-electric neighbourhood based on an initial policy study [40].
Therefore, the Energy Team finds it important to be well-informed about possibilities to
become more sustainable to have a voice in the decision-making.

Table 1. Statistical social data.

Factor Explanation De Hunze Van Starkenborgh Source

Income average personal income
(×1000 euros) 36.3 45.8 [41]

Education %higher education * 52.8% 58.0% [42]

Homeownership %owner occupied 96.0% 98.0% [43]

Ethnic background %Dutch 85.1% 83.8% [43]

Household composition average size 2.3 2.9 [43]

Gas use gas use in m3/year 1320 1250 [41]

Electricity use electricity use in kWh/year 2760 3640 [41]

* Higher education includes university and college education.

3.2. Case Study Results

The process design described in Section 2.2 was applied to the neighbourhoods De
Hunze and Van Starkenborgh. The following sections will discuss the findings for each
process step. First, the results are presented, after which the findings are discussed using
the three evaluation themes (technical solutions, community participation, and information
sharing). Finally, the ‘linkage’, the translation of the social data to the techno-economic
scenario development, is explained.

3.2.1. Step 1: Exploration

Results: Only a limited number of stakeholders were involved at the start of the
research as there is not a real project yet and the local energy initiative had only recently
started. Therefore, we mapped the stakeholders currently involved and mapped their
interests and power relations in a series of interviews. The main stakeholders are the Energy
Team (the local energy initiative consisting of residents from the neighbourhood), the
municipality, community association, and Grunneger Power, the city’s energy cooperative.
The social survey (Section 2.2.2) did not reveal any other major local stakeholders, such
as (semi) political organisations. We also asked which other stakeholders were likely or
necessary to be involved in the future process. The stakeholders expect that technology
specialists, communication consultants, grid operators, and the municipality would need
to be involved in future steps.

Table 2 summarizes the results from the interviews. All identified stakeholders have
interest in the project and also acknowledge that and have influence in the project to
some extent. The municipality has the largest power over the project, as the measures are
anchored in policies. In obligatory heat plans, municipalities have assigned technological
solutions for each neighbourhood in the municipality as a preliminary and indicative choice.
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Table 2. Summary results of stakeholder analysis showing the interests and influence on/by the
project to the organisation. Indicating the effects on a 5-point scale from –, indicating a very small
effect, via 0, indicating a neutral effect, to ++, indicating a very large effect.

Main Interest
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Energy Team Wants to support people in the neighbourhood in making steps towards
energy sustainability. ++ + ++

Municipality Wants to implement heat transition policy, with heat pumps as the primary
choice, in the neighbourhood before 2030. + ++ 0

Community association Wants to increase liveability in the neighbourhood, also by supporting
sustainable initiatives. + 0 -

Grunneger Power Wants to support the Energy Team in organising themselves with a firm
position in the neighbourhood and towards external stakeholders. + 0 0

Linkage: For this neighbourhood, all-electric is included in those plans as the preferred
choice, based on techno-economic analysis [40]. The municipality mentioned in the inter-
view that a hybrid solution would also be acceptable. Efforts by the municipality mainly
lie on realizing district heating in designated areas of the city, while in other areas the
initiative lies with the residents. Active support from the municipality in the short term is
limited due to time constraints and financial restrictions. The other local organisations, the
Energy Team, community association, and Grunneger Power, do not have clear technology
preferences but mainly want to support the neighbourhood in taking sustainable energy
measures, in which sharing knowledge and experience is the main priority. Considering
this context, all-electric needs to be evaluated and compared with other technological
alternatives, that have vastly different consequences in terms of costs and practical impli-
cations, to determine to what extent this solution is acceptable for residents. Six discrete
decarbonisation pathways based on diverse heating technologies have previously been
identified by Bouw et al. [14], and could be applied as guiding principles for this evaluation.
The technology linkage, where a distinction can be made between preferred and possible
scenarios or pathways, is graphically presented in Figure 3.

�����
STAKEHOLDER ANALYSIS

STEP 1: EXPLORATION

PROCESS:
Focus on all-electric versus 
other heating alternatives

Check pre-existing plans and ideas:
 plans and ideas bottom-up    
 plans ideas top-down
 other plans and ideas

TECHNOLOGICAL PREFERENCE

�������

Map possible routes:
 all-electric
 hybrid
 MT heat
 LT heat
 efficiency
 solar thermal

������
PREFERRED ROUTES:
 all-electric
 hybrid
 MT heat
 LT heat
 efficiency
 solar thermal

Figure 3. Input–output diagram of process step 1, showing the translation of social data to technology
choices (integration line).
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3.2.2. Step 2: Community Scouting

Results: The survey yielded 310 respondents from a population of 1300 households, of
which 260 responses were hard-copy and 50 were online. The sample was representative
on a 95% confidence interval and margin of error of 5%. The demographic characteristics
were compared with statistical data for the neighbourhood to check for representativeness
(see Appendix A Table A2). The sample was largely representative, with some more
respondents indicating to be higher educated than what the database reference shows. A
total of 24 variables were mapped, based on which a social profile was constructed (see
Appendix B). The social profile is visualised in Figure 4. The social profile provides insight
into the weak and strong points of the neighbourhood (see Figure 5). We compared the
results with five other neighbourhoods in which we collected data, to be able to better
interpret the results.
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Figure 4. Social fingerprint of De Hunze/Van Starkenborgh with 5 other neighbourhoods.
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Figure 5. Social fingerprint of De Hunze/Van Starkenborgh showing the weak (black arrows) and
strong (coloured arrows) points of the neighbourhood.

We found high scores on all individual factors, including high levels of knowledge
and control, also in comparison to other cases, as can be seen in Figure 4. Most of the
community factors showed relatively high scores as well, indicating a good social cohesion,
which is an important prerequisite for a collective project. One respondent described the
neighbourhood as ‘a close and entrepreneurial neighbourhood’. We identified weaknesses
in institutional trust, with a relatively large group having no trust in the municipality,
and a high number of reported problems. The problems that were mentioned covered
some issues that occur in many other neighbourhoods, such as speeding, dog poo, lack of
greenkeeping, and waste. One specific issue was the repair of the nearby defective bridge,
and in the specific way the municipality was handling this. The survey results showed
moderate scores on memberships in associations and the number of celebrated successes as
a community, which indicates a moderate level of organisational capabilities in the neigh-
bourhood (see also [33]). Participation was also evaluated positively, with relatively high
scores for willingness to participate and high scores for personal involvement. Familiarity
with the local initiative (Energy Team) is still low, which is understandable considering that
they only recently started out.

The neighbourhood is characterised by a high education and income level, which is
translated to high levels of knowledge, behavioural control, and personal involvement
(which are correlated). People both have the motivation as well as the knowledge and
means to get informed about and finally adopt renewable energy measures. The survey
results show that many people have already done so as well. At the same time, people are
also interested to act together. The foundations of collective action, trust in neighbours, and
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social networks are not only present, but respondents are also suggesting acting together.
One of the respondents, for instance, proposes that: “not every household should figure
everything out by themselves, but do that together in a smart way”.

Evaluation: The evaluation session provided insight into three main topics, which can
be summarised as follows:

• Technologies: High values for attitude towards sustainable energy, knowledge of
the energy system, and personal involvement with the topic of sustainability are all
positive indications that people are willing to adopt low-carbon technologies. People
think the climate is important and feel motivated to contribute to a more sustainable
energy system. Many people (89%) have already taken measures (stage of change) as
well, mostly solar photovoltaic panels and efficient glazing.

• Information: For a group of people, it is important that the plans are concrete and
information is provided on potential measures. A group of people has a lack of
knowledge on the topic and there is a risk of them dropping out of the further process.

• Participation: Levels of intended participation are lagging somewhat behind on atti-
tudes, with a significant share (29%) not willing to participate, although the overall
score is relatively high. Answers to open questions gave more insight into the motiva-
tions of people concerning the willingness to participate. Conditions for participating
include a limited financial investment, a limited time commitment, and the possibility
of joining collective initiatives. The group of people that were willing to participate
consists of a significantly higher share of families with children than single-person
households and a higher share of people living in Van Starkenborgh than in De Hunze.
At the same time, this group is considerably restricted by available time, one of the
largest challenges in this community. As one respondent described it: “there is too little
time and effort to really put our shoulders to the wheel”. Additionally, lower-income
groups are less willing to participate, and therefore form another group that requires
specific attention in the participation process.

Linkage: Although the survey did not reveal detailed technology preferences, some
boundary conditions could be deducted. This translation process is shown in Figure 6.
Firstly, the results provide insight in how fitting individual and collective solutions could
be. Based on the open answers, we have identified a careful interest in collective solutions,
which can be a collective system such as a district heating network or the collective purchase
of equipment. This is supported by a relatively high social cohesion, which would enable
a collective approach. However, the organisational power in the neighbourhood seems
to be rather low, and many people indicated that they have little time. Finding enough
volunteers to carry out more intense community energy projects, for instance setting up
a district heating network, may therefore be a challenge. At the same time, an individual
solution would be supported by high personal involvement, knowledge, and behavioural
control. Secondly, mapping the measures that have already been implemented can help to
further identify logical follow-up steps. The variable ‘stages of change’ showed that many
people have already taken renewable energy measures, such as solar panels or improved
insulation. Few people have replaced their gas-fired boiler, while the well-insulated houses
in the neighbourhood would be suitable for replacement by heat pumps. Therefore, it
would be logical to primarily focus on heating technologies. Combinations with insulation,
solar panels, and other measures are not excluded, but the selected technology options are
highly simplified for the purpose of community consultation in this phase of the process.
Hence, the focus of further investigating technical preferences will be on three heating
alternatives: all-electric heat pumps, hybrid heat pumps, and district heating. Additionally,
we found that, although income is high in this neighbourhood, a number of people want to
participate under the condition that no large investments are needed and/or subsidies are
provided. Affordability will therefore be one of the conditions.
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Figure 6. Input–output diagram of process step 2, showing the translation of social data to technology
choices (integration line).

3.2.3. Step 3: Scenario Development

Results: The ICQ yielded 53 respondents that completed at least the evaluation of the
first technology. The remainder of the respondents was removed from the dataset. The
sample consisted of more men (47.2%) than women (34.0%) (18.9% did not want to say
or did not answer the question), whereas average age and education were comparable
to the first survey. The age group of 20–40 years was underrepresented in the sample.
Based on the results from the social fingerprint, we included three technological options
in the ICQ: all-electric heat pump, hybrid heat pump, and district heating. The data were
provided by the techno-economic model as described in Section 2.2.3. Each technology
was first individually evaluated (see Figures 7–9 ). For the all-electric heat pump, CO2
emission savings (the emission savings reported in the ICQ were based on the current
electricity mix, and respondents were informed that the emissions would go further down
in the future as a result of an increase in renewable production) and the possibility of
cooling and energy savings were most often considered as advantages, whereas investment
costs were perceived as the most negative aspect of the technology. Most aspects of the
hybrid heat pump were scored positively with the fact that no low-temperature distribution
system needs to be installed as the main advantage. Strong negatives did not occur for
this technology (with only the outer unit and sound being scored negatively on average).
The district heating system showed higher positive and negative scores, with the highest
positive scores for the sustainable source (although many variations of a district heating
network are possible, the variant presented in the ICQ used aqua thermal heat from the
nearby canal), no switch to low-temperature heating and CO2-emission savings, and the
highest negative scores for payback time, switching energy supplier, and construction
nuisance of the network.
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All−electric heat pump
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Figure 7. Scores for the all-electric heat pump for each aspect of the technology, showing the median,
1st and 3rd quartiles, and 5th and 95th percentiles. A1 = outer unit, A2 = storage, A3 = low-temperature
heating, A4 = investment costs, A5 = savings, A6 = payback time, A7 = CO2, A8 = noise, A9 = cooling,
A10 = installation.

Hybrid heat pump
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Figure 8. Scores for the hybrid heat pump for each aspect of the technology, showing the median, 1st
and 3rd quartiles, and 5th and 95th percentiles. H1 = outer unit, H2 = low-temperature heating, H3 = gas
use, H4 = investment costs, H5 = savings, H6 = payback time, H7 = CO2, H8 = noise, H9 = installation.
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District heating
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Figure 9. Scores for district heating for each aspect of the technology, showing the median, 1st and 3rd
quartiles, and 5th and 95th percentiles. D1 = home substation, D2 = low-temperature heating, D3 = source,
D4 = connection costs, D5 = subsidies, D6 = tariff regulation, D7 = payback time, D8 = CO2, D9 = switching
supplier, D10 = installation, D11 = construction network.

After scoring the technologies individually, respondents were asked to express a
preference for either one of the technologies. Most people chose the hybrid heat pump
(35.8%), and the least people chose the all-electric heat pump, although the average grade
was similar to that of district heating after individually scoring the technologies (see Table 3).
A significant share of the respondents (17.0%) did not have a preference. Various reasons for
not having a preference were given, which can be divided in two main groups: a group that
had a preference for another technology (hydrogen boiler, induction boiler, split airco, etc.)
and a group that did not see any of those options working, where one respondent answered:
“We would like to get rid of gas, so hybrid is not really a solution then. I think the cost of
all-electric is just too high. We don’t have that much money. District heating leaves you
with high monthly costs”. Financial motivations (investment costs, payback time, energy
bill) were decisive motivations for most people, whereas non-financial motivations (CO2
emissions, use of natural gas, noise pollution) played a decisive role for respondents that
preferred an all-electric heat pump or district heating. When asking which motivations
were most important in expressing a preference, the most mentioned motivations were
investment costs, payback time, use of natural gas, CO2 emissions, and adjustment to
low-temperature heating.
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Table 3. Overall evaluation of ICQ per technology.

Mean Grade Preferred Option Unacceptable Option
(More than 1 Option Possible)

All-electric heat pump 5.49 13.2% 22.6%

Hybrid heat pump 6.63 35.8% 18.9%

District heating 5.39 22.6% 32.1%

None of the options - 17.0% 34.0%

Missing - 11.3% 11.3%

Concerning unacceptable options, most objections were against district heating. The
main motivations are the energy bill, investment costs, and construction nuisance. For
all-electric, this concerns investment costs, and for hybrid heat pumps the use of natural
gas. However, the majority did not indicate any of the technologies to be unacceptable.

Evaluation: The evaluation session provided insight into three main topics, which can
be summarised as follows:

• Technologies: The district heating option shows the most dividedness in preference
among respondents. There are strong positives and strong negatives and both pro-
ponents and opponents to the technology. In a discussion, more insight into the
motivations, and to what extent hurdles can be removed, can be created. Also note-
worthy is the fact that the all-electric heat pump is the least favourite alternative, while
at the same time this is the proposed solution in the municipal policy.

• Information: The presented information played a key role in identifying technology
preferences. At the end of the ICQ, some questions were included to evaluate the
information. All variables were presented on a 7-point scale, with 1 point representing
the most negative and 7 representing the most positive score. The results showed
above average scores for all variables (see Table 4). The amount of information was
sufficient for making a decision, the clarity of the information was considered sufficient,
the information was not entirely novel for the majority of the respondents, and the
information was also considered complete.

• Participation: More men than women tended to take part in the technical survey.
A point of attention is to sufficiently attract and involve women in the decision-
making process. Another point of attention is the group of respondents that could not
express a preference as none of the alternatives were considered feasible or desirable.
Attention should be paid to how to involve this group and select measures and meet
the conditions under which they can participate. The same applies to the younger age
group (20–40 years), which is underrepresented in the sample.

Table 4. Evaluation of information in the ICQ.

Sufficient Information
to Make a Choice

Clarity of
the Information

Novelty of
the Information

Completeness of
the Information

Mean 5.13 5.37 4.39 4.85

Standard deviation 1.47 1.24 1.54 1.35

Linkage: There was no clear reason to eliminate any option from the process, so all
three options were further discussed in dialogue. Respondents indicated a need for more
information on solar PV and insulation. The selected scenarios should therefore include
the option for combining the technologies with solar PV and insulation. Since the most
important motivations have a financial nature, the discussion should focus on the financial
aspects when comparing the technology options (see Figure 10).
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3.2.4. Step 4: Dialogue

Results: The results of the ICQ showed that respondents were most sensitive to finan-
cial motivations. Therefore, the first workshop started with a more in-depth presentation
of costs of the three technology alternatives (all-electric heat pump, hybrid heat pump,
and district heating), using graphs and data produced by the techno-economic model (see
Section 2.2.3). Specific attention was paid to the effects of energy price levels and the uncer-
tainties and trends in price development. Previous analyses with the model demonstrated
the effects of large variations in energy prices (see [14]). Variations in different housing
types were also shown, as well as the cost structure of the three technologies, whether or
not they were combined with insulation (energy label C to label B) and solar PV (12 panels).
The presented graphs are shown in Appendix C.

STEP 3: SCENARIO SELECTION

 outer unit heat pump
 space use equipment
 LT heating
 use of natural gas
 sustainable sources
 investment costs
 energy bill savings

ASPECTS PER TECHNOLOGY

�������

 all-electric   
 hybrid
 district heating

PREFERENCES

 all-electric   
 hybrid
 district heating
 none

UNACCEPTABLE TECHNOLOGIES

 payback time
 CO2 emissions
 noise pollution
 cooling 
 switching supplier
 installation work

PROCESS:
Focus on costs and

motivations behind costs

������
MAIN ROUTES:
 all-electric
 hybrid
 district heating
VARIATIONS:
efficiency + solar PV
     

?

?

�����
ICQ

     

Figure 10. Input–output diagram of process step 3, showing the translation of social data to technol-
ogy choices (integration line).

Based on the outcomes of the ICQ, 5 themes were defined for further discussion:
(1) controversy around district heating, (2) all-electric being the least chosen alternative,
(3) the use of natural gas, (4) motives for not having a preference, and (5) perceived
financial feasibility. These themes were discussed in the workshop by means of a group
discussion with 30 participants, that also participated in the preceding questionnaires.
The group discussion was introduced as an open discussion with the aim of collecting
thoughts and viewpoints on the different technologies rather than already making decisions.
Table 5 summarizes the points addressed during the group discussion. Some themes
were introduced with an online (Mentimeter) questionnaire, to obtain a more quantitative
overview of the participants’ viewpoints.

The aim of this meeting was not to reach consensus yet, but to identify the main
thoughts. This brings a variety of thoughts and viewpoints to light. Different, and some-
times incompatible, motivations will always be a result of such a discussion, and no
consensus can be reached on that level. At the same time, the discussion explored whether
opportunities were created to reach a consensus, and whether people may shift prefer-
ence from one technology option to another when main hurdles could be addressed. For
all-electric heat pumps, the interest among the vast majority shifts when the main hurdle,
upfront investment costs, could be addressed by lowering the amount with subsidies, as
shown in Figure 11. For district heating, some of the hurdles are much harder to address
and to close the gap between motives, such as people wanting control versus people that
want to be unburdened from implementing individual solutions. The attitude was also
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more divided among the participants, with a slight majority of the participants being
predominantly negative towards district heating, as can be seen in Figure 12.

Table 5. Summary of identified motivations and viewpoints mentioned during the group discussion.

Discussion Theme Type of Argument Summary Argument

District heating Switching + costs “I see people around me that are connected to such a network,
that pay a whole lot and have no possibility to switch”

Sustainability “I think this is a sympathetic option because I think it’s a
sustainable option. Sustainability plays the largest role for me”

Flexibility
“If you go for a mid-temperature system now, you cannot switch
to low-temperature one in 10 years, so on the long run I think this
is an inflexible system”

Hassle
“I think it’s such a hassle to figure all of this out, with a district
heating system you avoid that, the municipality will take care of
everything for you’

Control “I want to be able to make decisions by myself, and not be
controlled by the municipality or anyone else”

All-electric Space implications “I wouldn’t know where the heat pump could fit in my house”

Cost implications “I have a large house; I think I should insulate a lot and that I will
be hounded into costs”

Tailored advice “What you need is a tailored advice. Someone that looks into
your house and says which steps to take and in which order”

Subsidies
“I received 30,000 euro in earthquake subsidies; I invested in
insulation, solar PV, and will be in a heat pump. I want to make
my own decisions and not emit any more CO2”

Natural gas (prices) Waiting to act “There are so many uncertainties, you cannot make any decision
now”

“Even if you do make a choice, nothing can be installed right
now”

Having no preference Too much information “I thought it was a lot of information and I think I should first
learn about it more”

Practical implications “I’m not sure whether any of those systems combines well with
hot-air-heating”

Robustness “System should be robust and sufficiently adaptable for new
developments”

“I think none of these alternatives are future-proof, they are all in
their infancy and we may need to make new choices in 10 years’
time”

Financial feasibility Uncertainty of technical
development

“I voted 2000 euros. This is an investment that you can make for
some years. If it has to change after that it wouldn’t be such a
problem”

Comfort
“I think it’s important to be in a well-heated house and that you
can be sure of that, in comparison to other goods in life that you’d
also like to have”
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Figure 11. Voting behaviour on the investment costs of the all-electric heat pump. For the second
question, participants could indicate which investment they considered acceptable, which resulted in
numbers between 2000 and 18,000 euros, with most participants indicating 5000 euros.
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Are you mostly positive or mostly negative about district 
heating?

negative

Figure 12. Voting behaviour on attitude towards the district heating system.

The evaluation with participants showed that most participants thought the workshop
was informative and interesting, though some found it confusing or not tangible enough.
The participants supported the findings of the evening at least partly (20/20) and did not
change their technology preference compared to the ICQ (16/19). None of the respondents
had faith in a solution that everyone could agree to (see Figure 13).
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Figure 13. Voting behaviour on reaching consensus.

Evaluation: The evaluation session provided insight into three main topics, which can
be summarised as follows:

• Technologies: Considering the level of controversy around the district heating network,
and limited possibilities to address hurdles, it would take significant effort to reach a
group consensus. The attitudes towards the solution were divided, and many different
viewpoints and concerns were mentioned that cannot easily be united. In addition, few
people were confident that there will be a solution that everyone agrees to, indicating
low trust in a collective solution. Therefore, to take the process forward, a logical focus
would be on the remaining two alternatives: all-electric and hybrid heat pumps. These
are both individual solutions that do not exclude one another. Several motivations,
including the one that people desire individual advice, point in the direction of an
individual solution.

• Information: Even though people were most sensitive to financial arguments, choices
seemed in fact less rational and other motivations play a decisive role. The provided
information did not always prove to be leading in the formation of an opinion, and
other aspects that make one form an opinion were rather decisive. For instance, one of
the participants mentioned that they were negative towards the district heating option
because around them people that were connected to a district heating system were
paying a lot, whereas in the presentation district heating had the lowest costs in 2025
out of all scenarios. The formation of educated opinions is clearly more complex and
information provision alone is not sufficient. However, some of these perceptions can
be influenced by providing further information and discussion. This underlines the
importance of providing transparent, trustworthy information and to reflect upon the
information. In addition, uncertainty about energy price development, availability
of technologies, and laws and regulations make the decision-making process at this
moment especially complicated. This particularly applies to district heating. Lastly,
the group discussion also revealed the need for individual advice, showing that partic-
ipants would like specific advice for their individual home. Although we presented
data, on installation costs for instance, specifically for different types of houses, it is
not an actual offer and the need for tailor-made information requires attention in the
decision-making process.

• Participation: Whereas the discussion mainly brought individual views and boundary
conditions to light, we observed that participation, in which the ownership shifts from
the individual to the group, was not effectively taking place in this phase yet. It can be
concluded that an open discussion and collection of different viewpoints is a relevant
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step in the process, and that the next step should focus on activation of participation. It
is valuable, if not essential, to collect different views before decisions are being made to
prevent the emergence of resistance. This can only take place in an open atmosphere,
where participants feel free to express their views, even if they do not agree with one
another, without the immediate pressure of decision-making. When people feel heard
and understand each other’s motives, opposing views can be minimised [18].

Linkage: Based on the provided argumentation, an individual (heat pump) solution
seems to have the most potential, whereas consensus on a collective (district heating)
system would be rather difficult. Apart from argumentation and suggestions for a collective
solution, we also checked to what extent hurdles could be removed, which was challenging
for district heating, whereas some financial hurdles related to heat pumps could potentially
be lowered (see also Figure 14). Since there were no indications for a need to further refine
the scenarios, we conclude that the next step should focus on how to move forward rather
than providing even more information.

�����
WORKSHOP 1

STEP 4: DIALOGUE

Indicators for a collective solution:
    trust in a mutually agreed solution
    argumentation for a collective solution is 
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Figure 14. Input–output diagram of process step 4, showing the translation of social data to technol-
ogy choices (integration line).

3.2.5. Step 5: Decision-Making

Results: The aim of the second workshop was to make more concrete steps towards
a solution. Based on the outcome of the first workshop, the individual path, focused on
all-electric heat pumps and hybrid heat pumps, was further explored. The workshop
had 18 participants. Most of the participants participated in the first workshop, but the
workshop also attracted some new faces. Participants were split into three groups that each
discussed three themes: getting clarity on costs, individual house advice, and potential for
collective action. The themes were chosen based on the suggestions of participants after the
first workshop. Each theme was discussed by three questions: (1) What is needed? (2) How
to organise it? (3) Who should do it? The workshop had a brainstorming nature, where as
many ideas as possible were collected. The ideas were all written down on a poster, after
which the participants scored the ideas by coloured stickers, so that insights were gained
in which ideas were supported by the group the most. The results of the discussion are
summarised in Table 6.

Evaluation: The evaluation session provided insight into three main topics, which can
be summarised as follows:

• Technologies: Although decision-making was the aim of this last process step, no
further technology choices have been made. One of the participants indicated the
atmosphere well by saying: “The questions suggest you’re already going to do it. I’m
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far from being there yet”. After step 4 (workshop 1), a decision was made between a
collective or an individual solution. Participants also indicated that they needed more
specific information to make final choices. Therefore, the focus was on identifying
further information needs and action by the community.

• Information: Not all participants had participated in the ICQ and/or first workshop.
The difference between the two groups was noticeable: participants who did not
participate in previous steps mentioned information needs that were previously ad-
dressed, such as payback times, investment costs, and energy cost savings of energy
technologies. Participants who had received information earlier were better able to
define follow-up steps by refining the need for information and tailoring that infor-
mation to what is needed for the implementation of the technologies rather than to
the decision-making process of whether to take measures or not. This underlines the
need to provide information on aspects of technologies that are most important to
participants and repeat key information throughout the different process steps.

• Participation: The participants did not form a broad representation of the neighbour-
hood, as was also noticed by some of the participants. Young people (under 40) were
mostly missing in the participant group, as well as women. Also noticeable from the
conversations was that many people were already active in this topic, as participants
frequently referred to previous experiences, including reaching out to installation
companies, consultants, or the municipality to gain information or technology offers.
Hence, although initially a broad and representative group was reached and involved
in the first survey, a quite specific group was left at the end of the process. It can be
concluded that more specific action is required to involve all social groups. This could
also be a follow-up step. Participants suggested, for instance, that they could use
ambassadors to involve more neighbours in the project.

• Concerning the willingness of participants to be involved in the future process, par-
ticipants were cautious, but mostly willing to contribute. Some participants found it
difficult to commit to further engagement as they felt that more clarity on the political
framework, specifically the availability of natural gas after 2030 and the capacity of
the electricity grid, was needed, a barrier also identified in [44]. The community is rich
in social capital, with many highly educated experts, e.g., in the field of technology.
Some conditions for active involvement as mentioned by the participants were that
their contribution should take little time, should be concrete, and that the political and
regulatory boundary conditions should be sufficiently clear.
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Table 6. Summary of results of workshop 2, centred around three themes.

What Is Needed? How to Organise It? Who Should Do It?

Getting clarity on costs

Costs of cooling
Costs of hot air heating
Market price development
of gas
Total costs, including
additional
implementation costs
Payback of investments
Additional home value
Subsidies
Insight in grid capacity

Group buying
Pooling demand
Requesting and
sharing quotes
Sharing knowledge and
experiences
Mapping a selection
of houses

Municipality: as client for
hiring specialists, as process
director, clarity on policies
Community: sharing
knowledge and experience
Own responsibility
Grid operator: insight in
future use of the grid
Energy Team:
pooling information
Grunneger Power: providing
information on solutions
Technical specialists

Individual house advice

Solutions for flat roofs
Solutions for warm air heating
Options for LT heating
Quality of existing insulation
Space use of heat pumps
Potential of energy storage
Costs of advice

Inventory of people that
are interested
Selection of companies
by the community or
municipality
Pooling and sharing advice
Online sharing platform
Ambassador per street

Municipality: clarity on policy
and legal framework
Community:
sharing information
Own responsibility: choice
and implementation
Installers
Energy Team

Potential for collective action

Creating sense of urgency/
ambassadors
Group buying of equipment
Group buying of
individual home advice
(Online) sharing platform
Energy coach
Discussing position of
heat pump with neighbours
Community battery
Clarity on vision/policy

Involving neighbours to get a
broad community
representation
Getting in touch with
neighbours
Sharing good examples
Workshop per street
Open house
Sharing information and
experiences (online
platform, newspaper)

Municipality: advice
on participation
Local paper, website,
social media
Energy Team
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Linkage: The workshop revealed some specific aspects of the houses that are relevant
in relation to the proposed technologies (see Figure 15). There are, for instance, many
houses with flat roofs in the neighbourhood, where there may be (too) little space for
a heat pump, according to participants. Part of the houses is equipped with warm air
heating for heat distribution, which does not involve radiators. Those residents ran into
issues implementing the low-temperature heating required for heat pumps because this
is no standard system. This information could help refine the scenarios for this specific
neighbourhood, allowing further customisation. This discussion also pointed out that
participants wanted insight into electricity grid capacity and the need and potential for
storage, an aspect that we paid limited attention to in the information provision, and which
appeared to be a relevant KPI.

STEP 5: DECISION-MAKING

 getting clarity on costs
    individual house advice
 collective action

THEMES DISCUSSED

�������

PROCESS:
Concrete follow-up steps

������
REFINEMENT SCENARIOS:
  hot air heating
  flat roofs - space use
  electricity grid & 
       storage

     

�����
WORKSHOP 1

Figure 15. Input–output diagram of process step 5, showing the translation of social data to technol-
ogy choices (integration line).

3.3. Process Evaluation

The first experiences with the application of the process design on a real case revealed
some additional links and interactions between the various tools. The second workshop,
for instance, gave a lot of insight on stakeholders as well. The overall process was also
more iterative than originally drawn. Most importantly, the outputs of each step were
more directly linked to one another than through the technical line alone, also providing
procedural input for the next step. The last step had less of a decision-making character and
was more related to determining follow-up actions. Creating a ‘roadmap’ would be a better
definition. The case study also gave insights into the stakeholders that could be involved
in future steps and which elements were more important than others. Less important,
for instance, was a model run after each step, while the model had the largest use in the
preparation for step 3 (ICQ) and step 4 (workshop 1). With these insights, a more detailed
process diagram could be drawn, as shown in Figure 16.
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Figure 16. Process diagram showing the interactions between elements and associated (poten-
tial) stakeholders.

4. Conclusions and Policy Recommendations

This paper has introduced a participatory, socio-technical approach to decision-making
in the context of neighbourhood-scale heat planning. The main principle was to design
a process, consisting of different complementary steps, that connects social data gained
through multiple participation methods with techno-economic modelling. Both the so-
cial process and the techno-economic modelling are interlinked and provide feedback
to one another, thereby forming an integrated planning instrument. Further criteria to
such an approach were set based on existing literature, focused on some of the issues of
participatory decision-making, including energy education, complexity of information,
representativeness of stakeholders, and group interactions.

The case study in which the method was tested successfully demonstrated that joint
application of different tools enables many viewpoints, motivations, and conditions to
be made explicit and translated to technology preferences. A combination of tools has
proven to be relevant since the decision-making is evolving rather implicitly, and the
different steps of the process involving the use of specific tools are needed to deliver the
required robustness for decision-making. Utilizing only one tool does not deliver the
required robustness for decision-making and both qualitative and quantitative methods
are necessary to both provide detailed insight into motivations and representativeness of
the findings that are needed to support any form of decision-making.

In line with Mccoy, who said that “common ground should not be confused with
absolute consensus” [18], we found that reaching a consensus may not be the primary goal
of such a process. Nevertheless, the creation of common starting points based on which the
community members can take further action, individually or collectively, is a fruitful and
realistic outcome. This outcome is supported by other studies, e.g., the authors of [45], who
found that preferences varied widely and instead of one ‘acceptable’ option, a range of
preferences could be derived. In this case, there were more indications that an individual



Sustainability 2023, 15, 1937 27 of 36

solution (all-electric heat pump or hybrid heat pump) was preferred, whereas the support
for a collective solution (district heating) was ambiguous.

The data provided by the techno-economic model played a crucial role in the process.
Presentation and discussion of techno-economic information was needed to bring partici-
pants to a shared level of knowledge, enabling them to engage in meaningful conversation.
Facilitating an open discussion based on transparent, accessible expert knowledge, where
everyone could feel free to share their point of view, helped create mutual understanding
and avoid conflict. Even in case of an individual path, the techno-economic data provided
during the process (ICQ, workshops) are essential to bring participants to an equal level of
knowledge and provide a starting point for obtaining further information by themselves.
The process of group participation, and in particular creating ownership, could in the
following processes be further strengthened by the tone or emphasis set by the discussion
leader focused on collectiveness, for instance by emphasizing the neighbourhood as an
actor, or by having people respond to one another.

A challenge of involving citizens in heat planning is that the group decision-making
process is intertwined with the personal decision-making process. While it is important to
fully involve citizens from the beginning and not when all the decisions are made [32], it is
challenging for them to think at an abstract level while many things are still uncertain. In
decision-making related to policy and planning, the policy options are sketched in big lines
and information about them is rather general. Although we presented data for specific
housing types and adjusted the scenarios to the technology preferences expressed earlier,
the need for tailored information remained. Providing information at this level of detail is
not desirable nor feasible in the energy planning phase. As Callahan [16] indicates, people
tend to be motivated from a personal rather than a public perspective. In the case study,
this was reflected by the fact that people expressed their need for individual home advice.
At the same time, this brings important boundary conditions and preferences to light.

To assist in the planning process, the policy context and aim of the process cannot be
stressed enough, both to point participants toward the common goals but also because
participants indicated repeatedly that they need clarity on the governmental policy and
legislation to be able to make decisions. The opinions participants express will be framed
by the brief that people are given, as also shown by Thomas et al. [45].

Our method contributes to increasing effectiveness, by critically looking at weaknesses
in approaches and aiming at effectively delivering the input needed for decision-making,
not least by directly linking the social process with techno-economic development. Con-
clusions have also become more traceable and transparent, based on measured data and a
combination of qualitative and quantitative methods, compared to the ad hoc individual
conversations (e.g., kitchen table conversations) or one-directional communication (e.g.,
information meetings) often applied by practitioners. The method of social fingerprinting
in particular provides a rational way of capturing social dynamics that are necessary to
create effective processes. In the Dutch practice of heat planning, which is also evaluated
nationally, municipalities struggle with time-consuming customisation due to heterogeneity
in end-users and buildings, while maintaining sufficient progress in the process [46,47].
Many different methods have been experimented with, also within one project, without
their effectiveness being tested. Participation will always be time-consuming, but there is
potential to increase time effectiveness by applying (variations to) the tools proposed in
this paper and adequately linking social data to technology choices.

Based on the first experiences with the new method, the following recommendations
can be given to further develop the method in practice:

• Increasing participation: In our case study, we identified certain social groups that
tend to be underrepresented in the participation process. Hence, it remains an issue
to reach majority of people. In the social profile, we saw an underrepresentation of
lower educated residents. In the ICQ, we saw an underrepresentation of women and
young people, and in the workshops the younger age groups were merely missing.
A recommendation for application in practice is to not only identify groups who
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miss out, but also perform interventions in specific social networks to increase the
participation grade. Examples of the challenges and opportunities of specific groups
can be found in [48].

• Multiple stakeholders: The focus of the case study has been on residents, although a
broader network of stakeholders was included in the form of a stakeholder analysis.
Depending on the specific context of a project, the process could also involve more
stakeholders, such as municipalities, grid operators, advisory bodies, etc. Including
multiple stakeholders may ease the path towards anchoring participatory decision-
making in policy-making and implementation [16].

• Considering the customer journey: Although the focus is and should be on collective
decision-making in relation to planning, the individual decision-making process, often
indicated as the ‘customer journey’, could be more incorporated in the planning
process. One example would be to include a more thorough analysis and calculation
of specific houses in a parallel process, which could also be discussion content for an
additional workshop.

• Expand the financial aspect: Financial motivations appeared to be the most important
motivations for majority of the participants in the case study. This is in line with more
general findings, where specifically return on investment appears to be one of the
most influential factors for participation in community energy projects [49]. Therefore,
it is recommended that more attention is paid to financing options, such as green loans
and building-related finance (in building-related finance, the loan is not linked to the
owner of the house, but to the house itself; in case of moving, the loan is transferred
to the next owner) that could both take away the hurdle of upfront investment costs
that need to be paid back and meet the need for carefree solutions. Additional KPIs
such as home value increase may be considered in this context as well to fully inform
end-users of financial benefits of renewable investments.

• Gaining experience in different contexts: One limitation of the study is that this is a sin-
gle case study, which was also a positive and quite homogeneous neighbourhood with
mainly highly educated owner-occupiers. The experiment should be repeated in other
contexts to identify and solve potential issues, for instance involving a representative
group through all the steps of the process.
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Appendix A. ICQ Measures

Table A1. Information on various technology aspects included in the ICQ (summary). The highlighted
rows indicate the three technologies included in the ICQ as discussed in Section 3.2.3.

All-Electric Heat Pump
An outdoor unit is placed on your facade or plot. A1
A storage vessel is placed where your central heating boiler is located now. A2
To make your home suitable for an all-electric heat pump, low-temperature radiators or underfloor heating will be
installed.

A3

The investment for an all-electric heat pump is around 14,000 euros, including installation, low-temperature system,
and subsidy (total).

A4

Installing a heat pump leads to lower energy bills, on average you can save 75 euros per month for a similar home
to yours (price level May 2022).

A5

You can recoup the average price of a heat pump in about 15 years. This is roughly equal to the heat pump’s
lifespan of 15 years.

A6

An all-electric heat pump emits about 40% less CO2 than the central heating boiler. A7
Outside the house, the heat pump produces a soft humming noise of about 40 dB. This sounds as loud as a library, a
quiet living room, or classroom.

A8

With a heat pump combined with underfloor heating, you can also cool your home to a limited extent in summer
(the room takes a long(er) time to cool down and the temperature is not as low as with a standard air conditioner).

A9

Heat pump installation takes about two days, with most people experiencing little inconvenience. A10
Hybrid heat pump
An outdoor unit is installed on your facade or plot. H1
With a hybrid heat pump, there is no need for low-temperature heating because the boiler can provide
high-temperature heat when needed. You can keep your current radiators.

H2

With a hybrid heat pump, your gas consumption goes down by about 50%. So, you still use gas, but (much) less. H3

The investment for a hybrid heat pump is around 5000 euros, including installation and subsidy (total). H4

Installing a heat pump leads to lower energy bills, on average you can save 45 euros per month (price level May
2022).

H5

You can recoup the average price of a heat pump in about 10 years. This is less than the heat pump’s lifespan of 15
years. For the remaining period, your investment will make money.

H6

With a hybrid heat pump, around 20% less CO2 is emitted. H7
Outside the house, the heat pump produces a soft humming noise of 40 dB. This sounds as loud as a library, a quiet
living room, or classroom.

H8

The installation takes about two days; most people experience little inconvenience. H9
District heating
A home substation is installed in your meter box. You no longer have a boiler. D1
In case of a heat network, there is no need for low-temperature heating with suitable radiators or underfloor
heating. You can keep your current radiators.

D2

A heat network can make use of a local sustainable heat source, such as heat from the Van Starkenborgh canal. D3
In case of a heat network, you pay a one-off connection fee. This is often around 2000–4000 euros. D4
Sometimes subsidies are available for this connection contribution. Then there are no costs for you to connect to the
heat network.

D5

The maximum tariffs for heat are regulated by law so there is control over the maximum price and the tariffs are
transparent. The energy bill remains more or less the same under this legislation and is expected to remain stable in
the future.

D6

The one-off connection fee of a heat network is not or only very partially recovered through savings on energy bills. D7
Depending on the source, a heat network emits about 30% less CO2 than a central heating boiler. This percentage is
based on heat from the van Starkenborgh canal.

D8
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Table A1. Cont.

You purchase heat from a local heat supplier. As a result, you cannot simply switch energy suppliers for your heat.
For electricity, however, this is still possible.

D9

Installation at home takes three days; most people experience little inconvenience. D10
To construct the network, the street has to be opened up. This temporarily restricts access to the street and the
house. This may take several months. Sometimes (part of) the front garden also has to be broken up.

D11

Appendix B. Results of Survey on Social Factors

Table A2. Survey results of sociodemographic variables, compared to statistical data on national and
neighbourhood scales.

Factor Explanation National Average Neighbourhood Average Survey Data De
Hunze/Van Starkenborgh

Age Mean (continuous scale)/standard
deviation 42.2 [50] 53.88/13.92

Gender %female 50.3 [50] 46.0

Income %above average/median (3 categories) 16.5 [51] 1 55.3/3.00

Education %higher education/median (5 categories) 32.9 [52] 52.8/58.0% 72.2/5.00

Daily activities %paid job 56.6 [53] 2 50.3

%retired 17.6 [54] 24.5

%entrepreneurs 11.8 [53] 3 11.0/19.0% 9.2

Homeownership %owner-occupied 57.0 [55] 96.0/98.0% 98.0

Ethnic background %Dutch 75.8 [42] 85.1%/83.8% 95.4

Household composition %hh_1p 21.6% 14.0%

%hh_zk 36.6% 50.2%

%hh_mk 41.1% 35.8%

1 Category 30,000–40,000 EUR is considered as ‘around average’, above 40,000 EUR as ‘above average’, and below
30,000 EUR as ‘below average’. 2 Employees as share of the total population aged 15–75 years (working and
non-working). 3 Entrepreneurs as share of the total population aged 15–75 years (working and non-working).

Table A3. Survey results of social factors.

Key Concept Item (n = 129) Survey Data De
Hunze/Van Starkenborgh Scale

Individual

Environmental concern 1 Mean/SD 4.51/0.82 5-point Likert

Environmental concern 2 Mean/SD 4.58/0.87 5-point Likert

Environmental concern total Mean/SD 4.54/0.78 5-point Likert

Environmental knowledge 1 Mean/SD 4.58/1.89 -

Environmental knowledge 2 Mean/SD 16.03/12.07 -

Environmental knowledge 3 Mean/SD 3.59/0.85 5-point Likert

Subjective norm Mean/SD 2.41/0.71 5-point Likert

Locus of control Mean/SD 3.67/0.95 5-point Likert

Perceived behavioural control Mean/SD 3.68/0.82 5-point Likert

Responsibility—energy companies Mean/SD 3.58/1.15 5-point Likert

Responsibility—local institutions Mean/SD 3.26/1.18 5-point Likert

Responsibility—community Mean/SD 3.62/1.06 5-point Likert

Responsibility—own responsibility Mean/SD 4.12/0.97 5-point Likert

Responsibility—national government Mean/SD 4.33/0.90 5-point Likert

Responsibility—provincial government Mean/SD 4.16/0.94 5-point Likert

Responsibility—municipal government Mean/SD 4.30/0.85 5-point Likert

Stages of change Mode 4 (88.6%) -
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Table A3. Cont.

Key Concept Item (n = 129) Survey Data De Hunze/Van
Starkenborgh Scale

Community

Neighbourhood attachment 1 Mean/SD 17.52/10.74

Neighbourhood attachment 2 Mode 5 5-point Likert

Reciprocated exchange Mean/SD 2.83/0.78 5-point Likert

Social network Mode 6 6 categories

Mutual trust %yes 78.5 2 categories

Memberships in associations %member 22.9 2 categories

Socio-historic

Institutional trust %yes 60.0 2 categories

Successful activities %yes 58.7 2 categories

Previous problems %yes 78.2 -

Participation

Familiarity with the project Mode 1 4 categories

Willingness to participate Mode 1 3 categories

Personal involvement Mean/SD 3.68/0.82 5-point Likert

Appendix C. Techno-Economic Data Discussed in Workshop 1
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