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Abstract: For the planning of the energy transition, decision-makers need to be aware of the public
attitudes towards renewable energy technologies (RETs) and the impacts of such energy facilities
from a population’s perspective. To facilitate the comparison of RET attitudes, a uniform survey
design was used for four case studies (onshore wind, offshore wind, waste-to-energy, and biomass
power) situated in the region of Flanders, Belgium. The survey analysis showed differences between
the energy facilities with regard to the perceived impact on population health (combustion facilities
were perceived more negatively) and landscape impact (wind energy facilities were perceived more
negatively). All groups recognized the contribution of the RET facility to the economic development
of the region. The effect of such local experiences on the overall evaluation of energy technologies
was investigated using ordinal regression models. Personal experiences were found to be more
meaningful predictors than socio-economic population characteristics or the proximity to the energy
facility. In all investigated energy neighborhoods, the personal relationship of the participants to
the landscape was a significant predictor of technology attitude. This points to the importance of
investigating place attachment rather than pure visibility to understand the acceptability of land use
for energy provision.

Keywords: renewable energy technology; public attitude; technology acceptance; experienced
impacts; social sustainability; energy transition

1. Introduction

The issue of climate change dominates the discussion about the future development
of the energy sector. While maintaining the same level and quality of energy supply, the
mix of primary energy sources for the provision of energy has to undergo rapid changes
to support the transition to a low-carbon economy as proposed by the European Green
Deal [1]. With the transition to low-carbon energy sources, the type of technologies to
generate energy and—most tangible for the population—the locations of energy generation
will undergo structural changes. Decentralized energy generation and the connected
infrastructure give rise to potential conflicts due to changing land use [2,3] and associated
emissions [4]. At the same time, it presents a development opportunity for the regional
economy and contributes to long-term job creation [5,6].

The acceptance of the local population is a considerable condition for the realization
of energy projects and thereby for meeting energy policy goals. Energy transition scenarios
with a high degree of non-acceptance of new technologies by the population can signif-
icantly halt the reaching of carbon-neutral energy systems and increase energy import
dependencies [7]. Resistance from the population repeatedly led to considerable delays and
the need to re-plan projects [8–10]. To judge the sustainability of the energy transition, the
effects (both negative and positive) on the local community need to be assessed and treated
as valid concerns, just as the environmental impacts or economic feasibility of projects [11].
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For this reason, this paper investigates attitudes and experienced impacts in different
energy neighborhoods—that are communities located close to an energy generation plant.
The aim is to provide a comparison of experienced impacts for the neighboring population
of several renewable energy projects. As the methods for the assessment of impacts and
experiences vary from study to study, the comparison of different projects is challenging,
even more so for a comparison of projects of different technologies.

Previous research provides a range of different predictors for public attitudes. It is im-
portant to differentiate between the attitude towards a technology which can be determined
by e.g., the general environmental attitude [12,13], social norms of the community [14],
or personal norms [15], and the attitude towards a specific project. A positive attitude
towards the technology does not automatically translate to a positive opinion of a specific
energy project [16–18]. On the contrary, although support for the energy transition is
strong, the range of possible conflict areas for energy projects is diverse and depends on
the attributes of the project, e.g., visual impacts were found to be highly relevant for wind
energy projects [19–21] but might not be relevant for other technologies. The issue of aes-
thetics and visual impacts is also present in the discussion regarding solar farms [14,22] and
hydropower plants [23]. Still, a comparison of visual impacts of renewable energy technolo-
gies (RETs) is challenging due to the differences in fundamental design and plant size, e.g.,
for micro-hydropower, the impact as well as potential benefits for the local population are
perceived rather differently than for large dam projects [24]. Devine-Wright [25] stressed
the importance of the personal connection to a location and advocated to investigate place
attachment, which results in an emotional response to changing landscapes, rather than
observable physical landscape changes. For the case of biomass energy, the literature
shows that opposition can be based on public mistrust [26] which is also sometimes an
issue for wind energy [27]. Another study pointed at the olfactory impact as determinant
of acceptance of biomass power plants [4]. Moreover, public opposition against renewable
energy can be based on the concern about possible negative impacts on the immediate
environment and wildlife [28]. A common misconception is that opposition is based on the
proximity of energy plants, although modern research repeatedly refutes that [29,30]. On
the contrary, studies showed that familiarization with concrete projects leads to a higher
degree of support for projects of the same type [31,32].

On the other hand, the public is also aware of the positive contributions of energy
projects to the economy and local employment [33,34]. For example, a study found for
the case of Belgium that the transition to a green economy creates additional employment
opportunities for young people entering the job market [6].

Negative attitudes towards energy projects are often misclassified as not in my back-
yard (NIMBY) behavior when projects are opposed by the local population presumably
due to selfishness [29]. The use of the NIMBY term to explain attitudes is problematic, but
it is still a prevalent strategy to frame public opposition as an unjustified reaction [35]. Re-
searchers argue for the abandonment of such misleading language altogether and instead
focus on the mechanisms behind low community acceptance, land use disputes, and public
participation strategies for siting decisions [29,36].

As the range of conflict areas varies, the assessment methods for different projects
are also quite heterogeneous. For example, the landscape impact and the population’s
perception regarding the new land use is commonly discussed, especially for wind energy,
but there is no consensus on how such impacts should be assessed and how the perception
of the public regarding the caused disamenity can be quantified. Assessment frameworks
to quantify the land use impact include Hedonic pricing [37], the use of photo simulations
to simulate aesthetic impacts [38], or GIS simulations [39] providing quite different results.

As a uniform assessment method for the impact on the life quality and landscape is
missing, this study aims at introducing a standardized survey design in order to provide
comparable results for different energy projects.

The literature provides snapshots of energy technology attitudes and societal impact
on the basis of selected case studies. There are only a few examples of studies that focus
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on comparing attitudes of different energy technologies. Truelove [40] investigated public
perception of energy technologies and highlighted the role of emotional reactions towards
coal, natural gas, nuclear, and wind energy in a US-based consumer survey. She found
wind energy to be the most favored energy technology. Firestone and Kirk [41] pointed out
that technology acceptance is better explained by comparing different project alternatives
than by focusing on the opposition against a specific project. They found that the majority
of respondents in a US-based study preferred living close to a wind park rather than a
centralized plant using other energy sources such as nuclear, coal, natural gas, or solar.
As RETs play a crucial part in the energy transition, such comparison studies should be
extended to cover different types of RETs more prominently than conventional energy
technologies. Ribeiro et al. [42] found for the case of RETs in Portugal that solar and wind
energy were less subject to negative attitudes than other investigated RETs. They included
the population’s perception of economic, environmental, and social impacts as predictors
for the attitude but did not include landscape perceptions, which reportedly plays an
important role in whether technology projects are accepted or not [4]. Although the above-
mentioned studies [40–42] all offer comparisons between different energy technologies, they
use fundamentally different survey designs and models explaining technology acceptance
and attitudes.

This paper offers a comparison between different technology types by using a uniform
survey design in a number of case study surveys. Four cases are compared: onshore
wind, offshore wind, waste-to-energy, and biomass power. The investigated cases are
representative of renewable energy technologies according to the terminology used by EU
organizations (for energy from waste incineration under the condition that industrial and
municipal waste of biological origin is used) [43]. However, the renewability of energy
inputs in the case studies, in particular the renewability of biomass and waste fuels, was
not verified in this study.

The case studies were all located in the region of Flanders, Belgium. A uniform
questionnaire was used to survey the population in different energy neighborhoods in
order to facilitate the comparison of positive and negative impacts and experiences for
different types of energy projects. The study thereby goes beyond the typical investigation
of a specific energy technology and addresses the gap regarding the comparability of
experienced impacts of RETs. As distance and line of sight play a role in the perception of
impacts, samples were further subdivided to control for the influence of proximity to the
investigated energy facilities.

Furthermore, it was investigated how these experiences actually impact the expressed
general attitude towards the neighboring technology, using ordered logistic regression
analysis. The aim was to investigate the influence of different potential determinants of
the general attitude towards the neighboring energy technology, namely socio-economic
characteristics, environmental attitude, knowledge about the electricity sector, proximity
to and experienced impact of the surveyed energy plant. A better understanding of the
formation of technology attitudes and the significance of personal experiences are decisive
for the sustainable design of energy transition pathways without compromising the quality
of life for the local population in the energy neighborhoods.

2. Materials and Methods

This paper presents the results of population surveys conducted in four different en-
ergy neighborhoods—which are residential areas close to energy-generation facilities—for
the case of the Flanders region in Belgium. The energy and climate action plan 2021–2030
of the Flemish government defines the planned contributions of the Flemish energy sector
to reaching the national goal of a 35% reduction in greenhouse gas emissions by 2030 [44].
Moreover, the nuclear phase-out planned for 2025 will leave a gap in the electricity genera-
tion capacity of Belgium. An increase in renewable energy capacities is required to ensure
the domestic supply of low-carbon electricity. In order to contribute insights for the drafting
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and implementation of energy transition policies for the Flemish region, it is important to
investigate the varying perceptions of the population regarding different RETs.

To provide this comparison of population perceptions in Flanders, four energy neigh-
borhoods were investigated. The case studies included two wind energy neighborhoods,
one located close to an onshore wind park, and one located at the coast close to an offshore
wind park (n = 200 for each case). Moreover, samples were collected in the neighborhoods
of a waste-to-energy facility (n = 161) and of a power plant using biomass fuel (n = 210). The
four case study surveys were conducted during the time span of August 2019 to October
2020, with data collection of each specific survey taking 6 to 16 weeks. Each of the case
study groups was asked for the assessment of the specific situation regarding the neigh-
boring energy technology and the related attitudes: for example, the onshore wind group
stated the experienced impact only for the case of wind energy in their neighborhood.

In order to control for differences in perceptions due to proximity and according to
the magnitude of exposure to energy facilities, data were collected in two sub-samples for
each case study group. One sub-sample group consisted of people living in close proximity
to the energy facility, while the other group included participants still living in the energy
neighborhoods but at greater distance. The characteristics of Group Close Proximity and
Group Neighborhood are described in Table 1.

Table 1. Sample characteristics for the four case study groups.

Dataset Collection Date Location Close Proximity
Sample

Neighborhood
Sample Survey Method

Onshore wind January–April 2020 Eeklo
In line of sight of

wind park
n = 109

Same area without line
of sight
n = 91

Face-to-face interviews at
survey locations and
distribution of online
questionnaires for which
responses were filtered to retain
only responses from the
municipalities Eeklo,
Maldegem, and Kaprijke

Offshore wind August–September
2019 Oostende

At the coast in line of
sight of wind parks

n = 100

Same area without line
of sight
n = 100

Face-to-face interviews at
survey locations

Waste-to-energy June–July 2020 Oostende
Within of 2.5 km

radius of power plant
n = 73

Neighboring
municipalities within

radius of 10 km
n = 88

Face-to-face interviews in the
area in close proximity to the
plant and online questionnaires
for the neighborhood sample
for which responses were
filtered to retain only responses
from the municipalities within a
10 km radius

Biomass September–October
2020

Rodenhuize/
Herdersbrug

Within 6 km radius
of power plant

n = 105

Neighboring
municipality without

power plant 30 to
40 km distance

n = 105

Distribution of letters in targets
areas with invitation to
participation in online
questionnaire

For both wind energy cases, the Close Proximity group was moreover characterized
through the visibility of wind turbines from the participants property. This distinction was
not possible for the waste-to-energy and biomass plant as the facilities were not isolated
structures and not visible over large distances. For these, the sample was collected in the
closest residential areas to the facility. The difference between Group Close Proximity and
Group Neighborhood is thereby the level of exposure to the investigated power plant.
This includes exposure to visible impacts in the wind energy groups and exposure to the
proximity-related impacts, such as emissions, for all groups.

Due to the COVID-19 pandemic and the corresponding governmental regulation to ob-
serve social distancing, the survey method changed from primarily face-to-face interviews
to the use of online questionnaires which could be distributed both by letter invitation and
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social media groups. Table 1 provides a summary of the sample characteristics for the four
case study groups.

The energy case studies were chosen to represent the technologies with high signifi-
cance for the Flemish energy transition. The technologies are summarized as renewable
energy technologies as this is also the label used in Flemish policy documents [44], al-
though in the communication of policy goals, the definition of true renewability of fuels
is lacking. Therefore, in the population surveys, it was abstained from classifying the
investigated technologies as “renewable” in order to avoid unsubstantiated associations
about the renewability of energy provision.

Wind energy, both onshore and offshore, is a key element for the Flemish energy
transition [44]. Moreover, the technology is often met with public opposition, which
requires specific attention and potentially delays the implementation process. Therefore,
surveys were conducted both for onshore and offshore wind cases to provide a comparison
of how the different location of application is perceived by the population. The offshore
wind case study was conducted at the coast of the Belgian Part of the North Sea, where
within a 30 km distance, wind turbines can be seen from the shore, clear weather provided.
The location chosen for the onshore wind case study was the community living in the
vicinity of one of the first Flemish wind parks. The location stands out through the existence
of public participation schemes which accompanied the different expansion stages of the
local find parks. The sample thereby included a large share of participants who were
part of an energy cooperative, i.e., being co-owners or investors of the wind parks at the
investigated location. As in reality only a small share (10%) of households at the survey
location are part of an energy cooperative, the sample was corrected using post-stratification
weights in order to avoid the concentration of an overly environmental-positive attitude.

The Flemish Energy and Climate plan moreover foresees the expansion of district
heating systems using renewable heat sources. More than half of the heat from renewable
sources should be provided by bio-energy sources (solid biomass, biogas, and waste
incineration). While municipal waste generation is predicted to reduce until 2030 due to
waste reduction measures, waste incineration will still play an important role both for
energy provision as well as for waste management. The waste-to-energy case study took
place at the location of a plant with the capacity to incinerate 180,000 tons of waste per
year, which is, compared to other waste-to-energy plants in the Flemish region, a large
installation. Moderate growth is also needed in the biomass sector, but currently no new
facilities are planned. However existing plants will stay part of the energy landscape. The
biomass plant used for the case study is a former coal power plant that was adapted in
2011 for the use of wood pellets with a total capacity of 180 MW. As it is situated in an
industrial area, the target area for the sample in close proximity was expanded to the next
residential areas. The neighborhood sample was taken in the next municipality where there
is no power plant present.

In order to compensate for the drawbacks of the used nonprobability sampling method,
post-stratification weights were used on the samples to adjust the demographics of the
respective group to the actual characteristics of the population in Flanders. Adjustments
were made to gender, age, and education distribution. Moreover, the aim was to achieve a
50:50 share between the Close Proximity and the Neighborhood group in all samples. Only
for the onshore wind case, an additional weight was applied to correct for the high number
of energy cooperative members in the sample and thereby avoid a concentration of overly
positive attitudes due to the personal engagement with the wind energy topic. To find the
post-stratification weights, an iterative proportional fitting algorithm, the rake-function
implemented by Lumley [45] in the R survey v4 package was used.

The four case study groups were analyzed using R version 3.6.3 [46]. As affective
experiences play a major role in the formation of attitudes [47,48], the survey design
focused on the assessment of different experiences in the energy neighborhoods. The used
questionnaire was structured in five main question blocks covering (1) the willingness
to adapt one’s lifestyle in the course of the energy transition, (2) knowledge about the
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electricity mix, (3) personal evaluation of the energy technology’s impact on life quality
and on the economy in the energy neighborhood, (4) personal evaluation of the energy
technology’s impact on landscape quality in the energy neighborhood, and (5) general
attitude towards the neighboring RET used the energy neighborhood. It is important to
point out that the technology-specific impact and characteristics (points 3, 4, and 5) were
answered by each group only for the technology in their neighborhood: for example, the
onshore wind group stated the experienced impact only for the case of wind energy in
their neighborhood. The points 1 and 2 were not technology-specific.

The general attitude towards the neighboring energy technology was measured on
an ordinal scale from 1 (disadvantageous technology) to 5 (advantageous technology).
This attitude variable was analyzed for each case study in detail using ordinal regression
models. The objective for the regression models was to identify the influence of personal
experience for the different RETs in contrast with other population characteristics.

To reduce the number of determining variables and avoid overlaps, questionnaire
items were summarized to subcategory factors. The factors were estimated using the
regression method according to Thurstone [49], with weighting factors based on covariance
and factor loadings of the variables which were to be aggregated. Table 2 provides an
overview of which questionnaire items were aggregated into the respective factor scores.

Table 2. Overview of questionnaire items and respective factor variables.

Questionnaire Items Categories Independent Variables in Regression Model

General descriptions

Socio-economic characteristics Gender, age, education level, neighborhood characteristics, home ownership

Proximity to surveyed power plant Proximity to surveyed power plant

Willingness to adapt to energy transition

Willing to change lifestyle for green energy future
Willingness to adapt

Willing to pay more for green energy

Knowledge about the electricity mix

Evaluation of current electricity mix by share of energy carrier Knowledge about electricity production in Belgium

Personal evaluation of the impact on life quality and economy

Contribution to local economy
Development of local economy

Local job creation

House prices Development of house prices

Population health and safety Population health and safety

Disturbance due to noise

Impact on living environmentDisturbance due to smell

Disturbance due to increased traffic

Personal evaluation of landscape impact

Reduces the feeling of attachment to the landscape

Impact on landscape attachmentDoes symbolize a future-oriented development

Is part of the landscape identity of the region

Adds to the unique character of landscape

Impact on landscape aestheticsAdds an artificial quality to the landscape

Causes that untouched nature is lost

Provides possibilities for recreational activities

Impact on recreational value of landscapePrevents free time activities in the vicinity

Impacts ability to relax

The descriptive results for the determining variables are presented in Sections 3.1–3.4
and provide an overview of how impacts vary between the different RETs. The general
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attitude towards the different energy types was analyzed using ordinal regression models
and presented in Section 3.5. For this, a proportional odds logistic regression model [50]
was used. The underlying assumption of this model is that logit coefficients β are the same
(i.e., parallel lines) across the levels of the ordinal dependent variable. If this assumption
does not hold, alternative models need to be considered [51]. In the analysis at hand, the
proportional odds assumption was tested according to the procedure of Brant [52] using
Wald tests for evaluating the differences of βs across different levels of the dependent
variable. The test provided an overall estimation for the complete model and separately
for each of the independent variables. An alternative to the proportional odds model is a
partial proportional odds model where the assumption is relaxed for a subset of variables.
This is done also for the presented case studies where the Brant test showed that a fully
proportional model was not suitable.

3. Results and Discussion

The result section presents the participant’s willingness to adapt, knowledge, and
personal evaluations of impacts using descriptive statistics (Sections 3.1–3.4). The last
sub-section (Section 3.5) includes the description of the general attitude towards the neigh-
boring energy technology and the ordinal regression models that are used to determine
explanatory factors of the general attitude towards the different RETs.

3.1. Willingness to Adapt One’s Lifestyle and Attitude towards Renewable Energy

The four samples were analyzed regarding the self-assessed attitude towards renew-
able energy. Based on the approach used by Bertsch et al. [4], participants were asked
about their willingness to change their own lifestyle and their willingness to pay (more) to
achieve an environmentally friendly society.

First, the willingness to adapt due to the energy transition is displayed in Figure 1.
The majority of participants in all groups agreed or strongly agreed that they are willing
to change their lifestyle in order to support the energy transition. On the other hand, the
willingness to pay more for energy was lower in all groups with only 24% (case waste-to-
energy) to 38% (case offshore wind) stating to be willing to pay more. In comparison, the
two wind energy groups displayed higher willingness to change and to pay than the other
two groups.
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Kruskal-Wallis H tests showed that there is a significant difference for the willingness
to change (χ2(3) = 25.043, p < 0.001) and willingness to pay (χ2(3) = 13.142, p = 0.004)
between the four groups. The underlying reasons for these location-specific differences
would require further research beyond the scope of the existing surveys.

As the samples were adjusted to be comparable in terms of socio-economic charac-
teristics, the differences in attitude towards renewable energy cannot be attributed to the
different composition of the groups. However, a possible reason for the different levels of
willingness to adapt could be found in the environment of the sample groups. While the
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survey for the wind energy groups took place in a more urban environment, the waste-to-
energy group was located in a more suburban environment, and the biomass plant was
located close to a rural community. The urgency of climate change mitigation could be
experienced differently in different residential environments. Moreover, the financial status
and capabilities of the sample population were not assessed in this study. This additional
information might have offered an indication if participants realistically have the possibility
to adapt their lifestyle for the energy transition, as willingness to pay more is determined
by household income [53,54].

3.2. Knowledge of the Population about the Electricity Generation Mix

The knowledge of the population regarding relevant energy carriers in the Belgian
electricity mix was evaluated by asking participants to estimate the share of energy carriers
in the total electricity mix in predefined percentage ranges. Participants had to assign these
percentages to five energy sources (wind, solar, fossil, nuclear, and imports) that currently
represent the main shares in the Belgian electricity mix. If the participants assigned the
share of the energy carrier to the correct range category, this was counted with 1 point.
Incorrect answers were recorded with 0 points. Using this system, a knowledge score per
participant was calculated, ranging from 0 to the maximum of 5 points. Figure 2 provides
an overview of how participants in the different groups scored on this scale.
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The majority in each group scored below 2 points, which is a low to medium score. The
offshore wind group showed generally a lower knowledge score (1.6) than the other groups.
The four groups showed significantly different distribution of knowledge scores (Kruskal-
Wallis H test: χ2(3) = 13.39, p = 0.004). The analysis highlighted that men displayed on
average a higher knowledge level than women in all groups. Using Spearman’s rank
correlation, the relationship between the knowledge score and the formal education level
was analyzed, but no significant correlation was found (onshore wind: r(198) = −0.06,
p = 0.421; offshore wind: r(198) = 0.13, p = 0.07; waste-to-energy: r(159) = −0.04. p = 0.614;
biomass: r(208) = 0.07, p = 0.285). The difference in knowledge levels between the offshore
wind and the other groups cannot be attributed to socio-economic differences of the
survey groups, as the samples were all equally stratified to match the distribution of
socio-economic groups in the Flemish population.

3.3. Personal Evaluation of Impacts on Life Quality and Local Economy

Each group represents an independent case study of the respective technology. Thereby,
each group evaluated the experienced impact of the neighboring energy technology on
their surroundings and well-being. Participants were asked to evaluate different dimen-
sions of well-being, i.e., economic and job development, development of house prices, as
well as health impacts. Moreover, the disturbance levels of noise, smell, and traffic in the
neighborhood were measured.

Figure 3 shows that the impact of energy technologies on the economic development
and job creation was evaluated positively. While 43% of the onshore wind group evaluated
the contribution of the nearby wind park to the local economy as positive or very positive,
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only 28% saw a positive impact on local job creation. This is quite different from the other
groups in which a majority stated that there is a positive effect on local jobs. The most
positive response was observed in the waste-to-energy group. Studies showed that the
employment effect proved to be a strong argument for the local population to support or
accept renewable energy development [55,56], even though other local impacts such as
health or landscape were often weighted higher [4].
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While the valuation of economic development and jobs was positive in the waste-to-
energy group, it was the only group where the evaluation of house prices leaned more
towards an observed increase. Different studies covered the negative impact of wind
energy development on house prices [57,58], but evidence for other renewable energy
types is missing.

For the evaluation of health impact, a divide between the groups was observed. The
wind energy group evaluated the impact on health as positive, while the other groups
(located in the neighborhoods of waste-to-energy and biomass plants) saw a negative
impact of these combustion technologies. As a certain amount of emissions is associated
with these combustion technologies, the result is not surprising. The mean values of 2.7
for waste-to-energy and 2.8 for biomass energy present only a small deviation from a
neutral evaluation and in both cases the majority of participants assigned the power plants
a neutral impact on health and safety of the neighborhood.

The comparison further shows that biomass power was experienced to have a negative
effect on the residential area by causing disturbing noise, smell, and increased traffic; see
Figure 4. More than half of the participants in the biomass group rated the disturbance
due to smell and due to increased traffic as negative or very negative. Moreover, 40%
report annoyance due to noise. That is more than in the onshore wind group, where such
problems could also be expected. Although the activities of the biomass and waste-to-
energy plants are rather similar, the impact of the biomass plant was negatively evaluated
by a significantly higher share of participants.
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In the case of waste-to-energy and biomass plants, the impacts were experienced
differently depending on the level of exposure to the power plants, which was analyzed
by the comparison of the two sample groups located at different distance to the plant. For
the waste-to-energy case, the health impact was experienced more negatively in the group
living close to the power plant than the one further away. This shows that the population
living close to the energy facility is more likely to see the facility as source of health risks.
Such a relationship between proximity and higher perceived risks is confirmed in the
literature for a number of technologies [32,59], including for waste-to-energy facilities [60].
Moreover, the annoyance due to smell and due to increased traffic was actually perceived
as less negative in the group living in Close Proximity than in the Neighborhood group.
This would need further investigation along the traffic routes of waste trucks. There is
the possibility that the results point at the general notion that waste collection trucks are
to a certain degree disturbing. Finally, job creation was experienced more positively in
the Close Proximity group, pointing at the possibility that people more familiar with the
operation of the plant, due to proximity, experience the day-to-day operation of the plant
as labor-intensive.

Similar differences were observed for the biomass power plant: health impacts and
annoyance due to smell were experienced more negatively in the group living in close
proximity. Job creation, on the other hand, was experienced more positively by peo-
ple living further away from the plant. The detailed frequency tables can be found in
Tables A1 and A2 in Appendix A.

The different perceptions of health and disturbance levels between the sub-groups
for the waste-to-energy and the biomass plants can be attributed to observable emissions
due to fuel storage, handling, and combustion. Although certain project attributes are
experienced more severely in close proximity of the power plant, a similar trend could
not be observed for the evaluation of the general attitude towards the technology; see
Section 3.5.

3.4. Personal Evaluation of Landscape Impacts

Figure 5 shows the population’s evaluation of different aspects of landscape impact.
Each group evaluated the impact of the respective neighboring energy technology on
the landscape of their own neighborhood. Landscape aspects were measured based on
the concept of Cultural Ecosystem Services. According to the classification framework
of ecosystem services CICES, landscape can offer the population the cultural services of
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recreation, aesthetics experiences and the feeling of personal attachment [61]. Participants
were asked for the impact of the energy facility on these cultural aspects of the landscape.
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was used.

In general, the participants in all groups reported no strong impacts of the energy
plants on their ability to relax or spend their free time in the area. This can be seen when
examining the presented mean values but also when analyzing the results in detail. Mostly
only a single-digit percentage of participants reported a negative impact on free time and
relaxation—the biomass group with 22% being an exception. While the power plants did
not present a barrier for recreation, only few participants in any of the groups reported a
positive impact of the plants by contributing to more recreational possibilities in the region.
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The largest negative impact was reported in the category of aesthetic value. About 40% of
participants in the onshore wind, biomass, and energy-to-waste groups experienced that
the energy plant both adds artificiality to the landscape and disturbs the feeling of being in
untouched nature. In the case of the offshore wind group, these categories were evaluated
as considerably less intrusive, which is not surprising as there is a large distance between
the wind parks and the shore. The majority of the offshore wind group even stated that
the wind parks are part of the identity of the region, where all other groups saw negative
impacts on the regional identity because of the energy plants. Already a previous study
confirmed that wind parks at the Belgian coast are well accepted by the local population
and tourists [62]. The current study provides the additional insight that energy generation
at the site is even considered a part of the regional identity.

With regard to the personal connection to landscape, the waste-to-energy and the
biomass groups saw a stronger impact on the landscape than the wind groups. Moreover,
only 13% (onshore) and 3% (offshore) of the wind groups stated that the respective power
plants reduce the population’s attachment to the landscape. This is a surprising low per-
centage as research suggests that landscape attachment is the basis for frequent opposition
to wind energy [63]. On the other hand, the contribution of energy landscapes to a greater
societal purpose, such as carbon-neutrality, can be considered as an additional environ-
mental service and contribute to acceptance of land use changes by the population [64]. In
the case of the other groups, the negative impact on the feeling of attachment was more
pronounced, although still rather low with 21% (biomass) and 25% (waste-to-energy) of
participants seeing a negative impact.

As the surveyed RETs were located in distinctly different landscapes and also pre-
sented different types of visual intrusion, the differences between the evaluations were not
surprising. The literature extensively covers that the evaluation of landscapes depends
on personal evaluations of attachment, aesthetics, and intended functions [3,65]. Such
differences are also confirmed by Ioannidis and Koutsoyiannis [66], who stated that the
severity of experienced landscape impact strongly depends on already existing landscape
characteristics. Moreover, the value of the individual landscape for the population needs
to be considered, rather than aesthetic characteristics such as visibility [67].

Whether the participants lived in line of sights of the wind parks (Close Proximity
group) did not influence the overall evaluation of landscape impacts in both the onshore
and offshore groups. However, the distance to the plant proved to have a significant
effect on the evaluation of the waste-to-energy technology. Participants living close to
the waste-to-energy plant reported a more negative impact on their feeling of attachment
to landscape than people living further away. Interestingly, the recreational value of the
landscape was found to be not negatively impacted. People living further away even
evaluated the impact on recreational activities more negatively than people living close.
This points to the possibility that the population in the direct vicinity becomes accustomed
to the power plant and can still relax in their energy neighborhood. The majority of the
participants, both close and further away, reported the impact to be rather low. The detailed
frequency tables can be found in the Appendix A (Table A3).

3.5. Explaining the Attitude towards Renewable Energy Technologies

Finally, the general attitude towards the surveyed RETs is described, and influencing
variables are identified using ordinal regression models. Each group was asked for the
attitude towards the RET which was located in their neighborhood. The participant’s gen-
eral attitude towards the neighboring technology was measured based on the participant’s
evaluation of the technology on a 5-point scale from disadvantageous to advantageous.
This measure allowed participants to incorporate existing knowledge and the personal per-
ception of technology characteristics. Accordingly, assigning advantages was interpreted
as positive attitude and disadvantages as negative attitude.

The observed attitude levels in the different groups were quite positive. As can be seen
in Figure 6, the majority in the wind energy groups evaluated the technology favorably,
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with 65% in the onshore group having a positive attitude (more advantages) and even 81%
in the offshore group. The attitude—although still overall neutral or positive—was less
distinct in the waste-to-energy and the biomass case.
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To explain the people’s attitudes for energy technologies, Bertsch et al. [68] used
ordinal regression models. Ribeiro [42] used logistic ordinal regression to show the im-
pacts of socio-economic, cultural, demographic, and location aspects on acceptance and
NIMBYism. For near-shore wind parks, Johansen [69] found that second homeowners
have a more negative attitude than permanent residents using a hierarchical regression
model. In order to analyze the presented case studies, ordered logistic regression models
were used to provide information on the potential determinants of the attitude towards the
neighboring energy technology. All models included the same collection of independent
variables describing socio-economic characteristics, environmental attitude, knowledge
about the electricity sector, and proximity to and experienced impact of the surveyed
energy plant. The effect of these variables on the dependent variable, i.e., attitude towards
the neighboring technology, was investigated.

Proportional odds models as proposed by McCullagh [50] were fitted for each of the
case studies. In the case of the onshore wind group, it was found that the proportional odds
assumption did not hold for all the presented variables, which implies that the presented
coefficients might be unreliable. To counter that, a partial proportional odds model was
fitted with the proportional odds assumption relaxed for some variables. Table 3 shows the
resulting regression model for each of the surveyed groups. The Nagelkerke Pseudo R2

values provided in the table specify the percentage of variance explained in the models.
The values found for the models indicate that between 30 and 48% of variance can be
explained depending on the different models. For the onshore wind case study, a partial
proportional odds model was fitted where the proportional odds assumption was relaxed
for the variables of education level and experienced impact on landscape attachment.
The regression coefficients of these variables varied depending on the level of the ordinal
dependent variable, although due to clarity, Table 3 only shows one coefficient. The full
model description is included in Table A4 in the Appendix A.
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Table 3. Ordinal regression models to predict the general attitude towards the neighboring technology.

Group Onshore
Wind (n = 200)

Group Offshore
Wind (n = 200)

Group
Waste-to-Energy

(n = 161)

Group Biomass
(n = 210)

Partial proportional
odds model

Proportional odds
model

Proportional odds
model

Proportional odds
model

Pseudo R2 (Nagelkerke) 0.482 0.305 0.427 0.352

Estimate Sig. Estimate Sig. Estimate Sig. Estimate Sig.

Socio-economic characteristics
Gender (reference: female) −0.338 0.242 −0.028 0.935 0.101 0.791 −0.348 0.222
Age 0.007 0.347 0.012 0.200 −0.023 0.141 −0.027 0.002
Education (reference: education at tertiary level)
Lower secondary education or lower 2.131 * 0.026 0.882 0.087 0.652 0.336 0.700 0.099
Higher secondary education 1.017 * 0.077 0.242 0.513 0.057 0.894 0.399 0.199
Neighborhood characteristics (reference: urban)
Semi-urban −0.565 0.177 −1.284 0.234 −1.457 0.046 1.580 0.014
Suburban −0.149 0.721 0.438 0.398 −1.208 0.062 1.223 0.067
Rural −0.450 0.275 −3.372 0.001 1.841 0.003
Home ownership structure (reference: owning home) −0.246 0.528 −0.034 0.939 −0.777 0.168 1.256 0.007
Proximity (reference: power plant in close
proximity) 0.263 0.286 −0.054 0.881 −0.277 0.641 0.210 0.464

Willingness to adapt to energy transition −0.215 0.039 0.212 0.215 0.515 0.038 0.017 0.911
Knowledge about electricity production in Belgium 0.002 0.981 −0.137 0.324 0.237 0.167 0.097 0.398
Personal evaluation of the impact on life quality and economy
Development of local economy 0.328 0.003 −0.027 0.872 0.164 0.365 0.532 0.001
Development of house prices 0.451 0.017 −0.297 0.262 0.018 0.929 −0.065 0.715
Population health and safety 0.173 0.327 0.303 0.291 0.563 0.027 0.438 0.039
Impact on living environment 0.009 0.934 −0.264 0.163 0.210 0.329 −0.311 0.075
Personal evaluation of landscape impact
Impact on landscape attachment −1.154 * 0.000 −0.445 0.017 −0.518 0.012 −0.450 0.013
Impact on landscape aesthetics 0.162 0.185 −0.781 0.000 −0.322 0.174 −0.009 0.952
Impact on recreational value of landscape −0.263 0.113 0.131 0.479 −0.771 0.000 0.065 0.705

* Proportional odds assumption does not hold for these variables. Only one coefficient is presented here, but in the partial proportional
odds model, the marked coefficients are different for a series of binary logistic regressions. __ Underlined values are significant with
p < 0.05.

The level of education proved to be a strong predictor, but this result needs to be
interpreted with caution. The result that participants with lower education show a more
positive attitude can be observed when there is a rather negative attitude, but it is not stable
over all the levels of the dependent variable. Moreover, the difference between higher
secondary education and university education is not significant, meaning that the effect is
mainly true for a group with a maximum of a lower secondary education degree.

In the onshore wind group, a positive economic development and positive develop-
ment of house prices both predict a positive attitude towards wind technology. Considering
that in this group, 47% of the participants experienced the development of house prices as
negative (see Figure 4), this aspect can be damaging to the overall image of wind energy
and can be a cause for opposition. The same was true for compromising the feeling of
landscape attachment in the community. The model also showed that the willingness to
adapt to the energy transition was a significant negative predictor. This is counterintuitive
considering that the usually observed effect is that a strong willingness to adapt one’s
lifestyle goes along with a positive attitude towards the technology [70]. Further investiga-
tion showed that the negative coefficient is not due to the relationship with the dependent
variable but due to the relationship between predictors. A significant correlation (0.411,
p < 0.001) between the willingness to adapt and the experienced impact on landscape
attachment was found. This does not undermine the model but rather calls for a careful
interpretation of the willingness-to-adapt coefficient.

In the offshore wind model, people experiencing the aesthetic impact as strongly
negative had higher odds of having generally a negative attitude towards the technology.
This is not a surprising result, knowing that opposition against wind turbines is strongly
connected to visual impacts [19,71]. However, aesthetics did not prove significant in the
onshore wind group, although a majority of the participants in this group evaluated the
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aesthetic impacts to be negative, as can be expected from communities in the proximity of
the wind parks. In the end, these negative experiences were not relevant for the general
evaluation of the neighboring technology. Whether landscape impacts played a role in the
technology evaluation also depended on the circumstances the technology is placed in.
As Woods [65] pointed out, the population’s evaluation varies depending on how rural
landscape is understood, either as a place of spiritual activity or as a place of economic
activity. This understanding of the landscape’s function is also related to the personal
connection of the population with the landscape, which was expressed in the presented
models as the experienced impact on landscape attachment.

In both the waste-to-energy and the biomass group, the neighborhood characteristics
proved to have a strong effect, although in different directions. While in the waste-to-
energy case, participants living in non-urban environments had higher odds of showing
a negative attitude towards the technology, the effect was reversed in the biomass case.
Moreover, both models indicated the significant effect of the perceived health impact,
i.e., negative experiences with regard to the health effects were predictors for a generally
negative attitude towards the technology. This effect was observed for the two incineration
technologies, while it was not significant in the wind energy models, where few participants
experienced the technology as harmful to health or safety. Similar results were found by
Zheng et al. [72] or Achillas et al. [73] to describe the commonly high levels of opposition
against waste treatment and incineration plants. Although certain aspects of the energy
plant were evaluated more negatively by the population living in close proximity, the
distance was not a significant predictor for the technology attitude, i.e., the group living
close to the waste-to-energy plant did not have a more negative attitude towards waste-to-
energy plants in general. This can be supported by similar findings in the literature [73,74].

In the biomass case, additionally to the effect of neighborhood characteristics, the
odds of a positive attitude increased when participants experienced a positive effect on the
economy and local health as well as the feeling that their attachment to the locality was
not compromised.

The attitude towards the technology did not significantly differ between the popula-
tion sampled in close proximity with higher exposure to the power plant and the group
located in the general neighborhood. Differences were only observed regarding the expe-
rienced impacts. In the case of the waste-to-energy group and the biomass group, it was
observed that perceived impact on life quality and local economy significantly differed
between the population living close to the plant compared with a group which is located
further away; see Section 3.3. In the waste-to-energy group, the landscape impact was
evaluated as significantly more negative by participants living in close proximity, which
was not the case for the other RETs; see Section 3.4. The visibility of wind turbines from the
place of residence (Group Close Proximity) did not lead to a more negative evaluation of
the visual impact, in neither the onshore nor the offshore wind group. This finding is sup-
ported by Wolsink [67] who highlighted that the focus on visibility of infrastructure rather
than on the personally experienced visual impact is a general shortcoming of centralized
energy planning and entails low community acceptance of renewable energy infrastructure.
The visual impact depends on the landscape in which the project is placed [63], which
highlights the importance of not only assessing objective aesthetic criteria but also the
personal connection to locations.

The commonality between the four models is the perceived negative impact on land-
scape attachment. This variable comprises the personal feeling of attachment and unique-
ness of landscape identity. These are highly subjective factors which cannot be understood
and assessed without engaging with the affected community. To address local opposition, it
is thereby crucial to understand the attachment of the population to the altered landscape.

The concept of place attachment is commonly discussed in the literature with regard
to energy projects with the majority of studies on the visual impact of wind energy [63,75]
and energy infrastructure [2]. A similarly detailed investigation for other types of projects
and energy carriers is missing and could contribute to a broader discussion on the societal
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impact of energy landscapes. For the assessment of the landscape impact, the concept of
Cultural Ecosystem Service was used to provide standardization where in the past individ-
ual approaches of impact quantification were used. While there are efforts to consider such
cultural ecosystem service in energy planning [76,77], a quantification framework allowing
the comparison of several project types and sites is still missing. The approach used in this
paper can further contribute to the ecosystem services assessment of energy landscapes.

In the presented models, the experienced impacts play a more important role than the
socio-economic characteristics of the population. The inclusion of experienced impacts as
predictors in all models offered important explanations of how attitudes are formed. The
effect of proximity, on the other hand, was not significant for the formation of the attitude
and did not show in the overall regression model.

4. Conclusions

This research explores the public attitudes towards different RETs and how the popula-
tion experiences the impacts of such technologies in their neighborhoods. Studies focusing
on RET acceptance and attitudes mostly cover only one specific technology by using meth-
ods and scales adapted to each case. A direct comparison between these individual studies
is thereby not feasible. A uniform survey design for energy project assessment is needed in
order to establish a common basis for a comparison of RET types and energy landscapes. In
this paper, a standardized survey was used for the comparison of experienced impacts and
attitudes in four different energy neighborhoods of Flanders, Belgium. The case studies
cover power generation plants using onshore wind, offshore wind, waste-to-energy, and
biomass. In these four groups, first, the experienced impacts of the neighboring energy
projects, and second, the attitude towards the neighboring RET, were assessed. By focusing
on experienced impacts, the study aimed at the quantification of societal impacts due to
land use for energy generation. The samples were further subdivided into people living
close to the power plants and experiencing the impacts in close proximity to their home
and people living in a distance but still in the same or neighboring towns. Moreover, the
possible effect of personal experiences on the general attitude towards the neighboring
technology was analyzed.

Overall, the survey results highlight that all technologies were perceived to contribute
positively to economic development and job creation in the region. In the wind energy
neighborhoods, the population reported a positive contribution to the population’s health,
while the waste-to-energy and the biomass groups perceive a slightly negative health
impact due to the respective technologies. Here, a difference between people living in
close proximity to the plant and the ones living further away was identified. People living
in close proximity to the power plants experienced the health impact more negatively.
The proximity did also have an effect on the perception of other disturbances, such as
smell and increased traffic in the waste-to-energy and the biomass group. However,
other neighborhood influences cannot be ruled out for the waste-to-energy group as the
disturbance due to smell and traffic was reported to be more negative by participants living
at greater distance.

Visual impacts on the landscape were evaluated more negatively in the onshore and
offshore wind neighborhoods than for the other technologies. There was no difference in
experienced severity of landscape impact for the group that lived in the line of sight of the
wind park. As a range of methods and assessment framework are currently used to assess
the magnitude of landscape impacts, a comparison of energy landscapes on a common
scale is still rare. This study took the first step for a standardized landscape assessment.
Rather than focusing on visibility only, the study investigated the underlying services
provided by landscapes, i.e., aesthetics, landscape attachment, and reactional value.

This study thereby contributes to the comparability of energy neighborhoods, not only
with regard to landscape impacts but also for the evaluation of local life quality impacts.
The results can be used to deliberate about the development of energy neighborhoods and
the impacts of different policy pathways for the communities living in these neighborhoods.
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The predictors of the attitude towards the neighboring energy technology, specifically
the significance of personal experiences, were identified using ordinal logistic regression
methods. The models showed that the severity of experienced impacts plays a significant
role for people in forming a general attitude towards the technology. The negative expe-
riences with one particular project were incorporated into the general attitude towards
the technology. In particular, the impact on the personnel relationship to the landscape of
the energy neighborhood was a significant predictor in all of the models. This supports
the general notion put forward by Devine-Wright [78] and many others [69,75,79] that
opposition against new energy projects is indeed not based on a simple NIMBY reaction but
on the disturbance of personal connections to places. This poses a challenge for decision-
makers as the impact on landscape attachment is more difficult to predict than other, visible
landscape changes. Therefore, public involvement methods are key in anticipating and
predicting opposition that is based on internal processes and individual perceptions.

The results describe the situation in four specific Flemish energy neighborhoods.
Further research is needed to incorporate the attitudes and experiences in other energy
neighborhoods. Future studies could cover other RETs and other neighborhood character-
istics, such as urban vs. rural environments, agricultural landscapes, or nature reserves
but using a uniform questionnaire across a number of studies to allow a comparison. The
scale used in this research for the assessment of landscape quality is based on the notion
that land provides the population with cultural ecosystem services, and energy facilities
impact the provision of these services positively or negatively. The specifics of land use for
energy production are currently not well covered in ecosystem services research, and the
incorporation of public experiences should be further investigated.

Moreover, post-installation experiences and attitudes presented in this research are
not representative for pre-installation attitudes. A comparison of pre- and post-installation
differences can provide important insights on how the perception changes over time.
A more detailed categorization of the type of experience, i.e., level of interaction and time
period people live in the neighborhood, would further contribute to the explanation of
technology-specific attitudes.

The study shows the implications of RET exposure in so-called energy neighborhoods
on the population. It was determined that personal experiences, positive and negative,
affect the formation of post-construction attitudes towards different RETs. While the
expansion of RETs will accelerate, as they are key in the strategy towards a low-carbon
energy sector, the population is confronted with the implications of changing land use. The
planning of energy transition pathways needs to incorporate the impacts on the locally
affected population, including reduced quality of life as neighborhoods change due to
energy generation. The quantification of experienced impacts on life quality and landscape
is an important part to balance societal impacts against the requirements for achieving a
low-carbon energy sector. After all, the study shows that beside expected disamenities
that impact quality of life and landscape, there is also considerable support for RETs and
appreciation of the benefits for the energy neighborhoods.
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Appendix A

Table A1. Evaluation of experienced impact on local economy and health in the waste-to-energy and biomass
neighborhoods—differentiation between people living close (Group Close Proximity) and the ones living further away
(Group Neighborhood).

Very
Negative %

Negative
%

Neutral
%

Positive
%

Very
Positive % p-Value

Contribution to local economy

Waste-to-Energy Group Close Proximity 0.0 1.8 34.2 53.5 10.5
0.885Group Neighborhood 0.0 5.6 28.1 66.3 0.0

Biomass
Group Close Proximity 3.2 6.1 41.3 45.9 3.5

0.288Group Neighborhood 0.3 8.5 37.6 49.5 4.2
Local job creation

Waste-to-Energy Group Close Proximity 0.0 2.7 29.5 44.7 23.1
0.019 *Group Neighborhood 0.0 4.6 36.1 59.2 0.0

Biomass
Group Close Proximity 4.1 6.7 34.9 48.2 6.1

0.017 *Group Neighborhood 0.3 3.3 25.7 61.0 9.7
House prices (decreasing vs. increasing)

Waste-to-Energy Group Close Proximity 5.7 23.7 41.6 15.7 13.4
0.896Group Neighborhood 2.2 20.9 48.9 22.8 5.2

Biomass
Group Close Proximity 18.8 46.7 32.4 2.2 0.0

0.742Group Neighborhood 15.5 48.5 26.4 7.8 1.8
Population health and safety

Waste-to-Energy Group Close Proximity 9.4 31.6 45.2 11.8 2.1
0.004 *Group Neighborhood 0.4 22.3 56.2 21.1 0.0

Biomass
Group Close Proximity 11.5 22.7 56.3 6.1 3.5

0.028 *Group Neighborhood 0.7 25.2 58.1 13.7 2.2

* significant at p < 0.05.

Table A2. Evaluation of experienced level of disturbance in the waste-to-energy and biomass neighborhoods—differentiation
between people living close (Group Close Proximity) and the ones living further away (Group Neighborhood).

Very Negative
% Negative % Somewhat

Negative %
No Impact

% p-Value

Disturbance due to noise

Waste-to-Energy Group Close Proximity 3.2 3.4 29.9 63.5
0.055Group Neighborhood 0.0 11.1 37.8 51.2

Biomass
Group Close Proximity 15.5 25.3 42.5 16.7

0.447Group Neighborhood 7.8 31.3 38.7 22.2
Disturbance due to smell

Waste-to-Energy Group Close Proximity 6.2 11.6 41.3 41.0
0.033 *Group Neighborhood 0.0 26.4 48.6 25.0

Biomass
Group Close Proximity 32.3 32.7 29.0 6.0

0.007 *Group Neighborhood 13.4 39.8 30.8 16.0
Disturbance due to increased traffic

Waste-to-Energy Group Close Proximity 3.2 9.2 21.9 65.7
0.047 *Group Neighborhood 0.0 12.6 33.4 54.0

Biomass
Group Close Proximity 20.7 39.0 31.0 9.4

0.108Group Neighborhood 16.9 34.9 34.8 13.3

* significant at p < 0.05.
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Table A3. Evaluation of experienced impact on landscape quality in the waste-to-energy and biomass groups—differentiation
between people living close (Group Close Proximity) and the ones living further away (Group Neighborhood).

Energy Technology . . . Very
Negative %

Negative
%

Neutral
%

Positive
%

Very
Positive % p-Value

reduces the feeling of attachment to the landscape

Waste-to-Energy Group Close Proximity 1.8 15.3 44.0 32.6 6.2
0 *Group Neighborhood 20.4 18.2 50.3 11.1 0.0

Biomass
Group Close Proximity 7.8 24.6 47.6 17.4 2.6

0.84Group Neighborhood 10.3 18.3 50.6 17.6 3.2
does not symbolize a future-oriented development

Waste-to-Energy Group Close Proximity 0.0 4.7 71.4 17.8 6.1
0.004 *Group Neighborhood 7.4 14.4 58.3 16.9 3.0

Biomass
Group Close Proximity 1.0 23.2 38.3 22.9 14.7

0.115Group Neighborhood 2.4 29.6 38.6 24.3 5.1
changes the landscape identity of the region

Waste-to-Energy Group Close Proximity 0.0 3.3 45.6 43.5 7.5
0.145Group Neighborhood 2.0 4.7 59.5 26.0 7.9

Biomass
Group Close Proximity 0.0 12.4 38.6 34.0 14.9

0.116Group Neighborhood 0.9 18.8 36.2 31.4 12.7
does not add to the uniqueness of landscape

Waste-to-Energy Group Close Proximity 0.0 11.0 46.0 38.5 4.5
0.972Group Neighborhood 6.8 10.0 42.0 34.1 7.1

Biomass
Group Close Proximity 6.1 2.9 26.3 38.9 25.8

0.213Group Neighborhood 4.2 2.4 24.9 50.3 18.1
adds an artificial quality to the landscape

Waste-to-Energy Group Close Proximity 1.3 8.7 43.0 32.6 14.4
0.107Group Neighborhood 10.7 11.6 38.0 37.9 1.7

Biomass
Group Close Proximity 7.7 10.3 32.2 45.1 4.8

0.511Group Neighborhood 4.5 13.2 39.6 39.6 3.0
causes untouched nature to be lost

Waste-to-Energy Group Close Proximity 1.6 20.5 45.6 26.4 5.9
0.527Group Neighborhood 7.3 7.2 37.8 41.2 6.5

Biomass
Group Close Proximity 6.4 24.8 23.9 33.9 11.0

0.878Group Neighborhood 3.3 22.7 23.1 47.2 3.8
reduces the possibilities for recreational activities

Waste-to-Energy Group Close Proximity 0.0 1.6 21.2 60.4 16.7
0 *Group Neighborhood 7.3 6.4 58.8 21.6 5.9

Biomass
Group Close Proximity 0.9 12.2 40.4 31.3 15.2

0.011 *Group Neighborhood 1.8 12.9 54.3 27.7 3.4
prevents free time activities in the vicinity

Waste-to-Energy Group Close Proximity 31.6 45.5 18.3 4.5 0.0
0 *Group Neighborhood 13.7 38.9 39.2 4.7 3.5

Biomass
Group Close Proximity 6.2 37.6 30.3 18.5 7.4

0.392Group Neighborhood 8.5 37.2 35.4 16.2 2.7
impacts my ability to relax

Waste-to-Energy Group Close Proximity 24.9 55.7 14.0 2.2 3.2
0 *Group Neighborhood 8.5 38.3 45.5 7.7 0.0

Biomass
Group Close Proximity 3.7 30.0 39.7 25.1 1.5

0.789Group Neighborhood 10.1 25.3 47.5 16.8 0.3

* significant at p < 0.05.
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Table A4. Proportional odds model and partial proportional odds model for general attitude towards offshore wind energy.

Group Offshore Wind Proportional Odds Model Partial Proportional Odds Model

Coef. Sig. Proportional
Odds Test (Brant)

SD vs. D, N,
A, SA Coef.

SD, D vs. N,
A, SA Coef.

SD, D, N vs.
A, SA Coef.

SD, D, N, A
vs. SA Coef.

Socio-economic characteristics
Gender (reference: female) −0.474 0.184 0.935 −0.338
Age 0.009 0.387 0.998 0.007
Education (reference: education at tertiary level)
Lower secondary education or
lower −0.343 0.424 0.020 2.131 * 0.494 −1.267 * 0.041

Higher secondary education −0.331 0.369 0.607 1.017 −0.089 −0.350 −0.138
Neighborhood characteristics (reference: urban)
Semi-urban −0.666 0.164 0.656 −0.565
Suburban −0.083 0.858 0.162 −0.149
Rural −0.872 0.065 0.666 −0.450
Home ownership structure
(reference: owning home) −0.433 0.295 0.613 −0.246

Proximity (reference: power plant
in close proximity) 0.428 0.179 0.359 0.263

Willingness to adapt to energy
transition −0.31 0.060 0.590 −0.215 *

Knowledge about electricity
production in Belgium −0.047 0.699 0.463 0.002

Personal evaluation of the impact on life quality and economy
Development of local economy 0.393 * 0.044 0.844 0.328 *
Development of house prices 0.65 * 0.012 0.418 0.451 *
Population health and safety 0.463 * 0.042 0.820 0.173
Impact on living environment −0.009 0.957 0.701 0.009
Personal evaluation of landscape impact

Impact on landscape attachment −0.978
* 0.000 0.075 −1.154 * −0.808 * −0.704 * −0.502 *

Impact on landscape aesthetics 0.236 0.272 0.244 0.162
Impact on recreational value of
landscape

−0.419
* 0.046 0.925 −0.263

* significant at p < 0.05. SD . . . strongly disagree, A . . . agree, N . . . neutral, A . . . agree, SA . . . strongly agree.
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