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A B S T R A C T

A lack of social acceptance obstructs the diffusion of wind energy and jeopardises the fight against global
warming and climate change. Academic literature has identified the leading causes of social acceptance, but
falls short in providing workable methodologies to consider this in the planning and decision-making process.
This paper attends to this issue by providing a novel holistic conceptualisation of community acceptance as an
interplay between project impacts, the procedural process, and local context. This conceptualisation can help
project developers, decision-makers and researchers to better understand the different dimensions of acceptance
and identify potential blind spots in their current methods and approaches. Based on this conceptualisation,
we construct and apply a planning tool based on geographical information systems and multi-criteria decision
analysis. Using this method on a national scale, we estimate wind energy potential in the Netherlands from a
social acceptance point of view. We find that a third of the theoretically available land can be exploited, and
that roughly 26.5GW worth of wind energy can be installed. The case demonstrates that the approach can
effectively raise acceptance by reducing impacts, facilitating participation, and improving transparency in the
siting process.
1. Introduction

Wind energy enjoys public support as an alternative energy source
[1–3] but often lacks social acceptance on the local scale [4–8]. While
more prominent in densely-populated areas [9,10], this acceptance
deficit can be observed around the globe [11,12]. As a consequence,
capacity growth figures of wind energy are inadequate to achieve
a global, 2050 net-zero scenario [13], jeopardising the fight against
global warming and climate change.

There exists a large body of literature on wind energy accep-
tance [14] and the concerns that inspire local opposition have been
well-investigated [15–18]. Commonly, these include landscape im-
pacts, environmental concerns, socio-economic factors, and the proce-
dural process [17,19]. Yet, these scientific insights have not changed
the methods of planners, developers and other stakeholders [4], ar-
guably holding back successful adoption of the technology. For them,
the primary focus remains on costs [20,21], behaviour often rein-
forced by existing subsidy schemes. What certainly contributes to
this theory/practice-divide is the difficulty to operationalise scientific
insights on social acceptance. Research often remains theoretical and
ambiguous, making it hard for project developers and decision-makers
to integrate findings into their practices. As Zaunbrecher points out:
‘‘many factors that influence social acceptance ... are already known.
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However, a conceptual framework ... that integrates these factors as
well as the method of assessing them is still missing’’ [20], p. 312.
As empirical case studies (such as those from the WinWind project
[22,23]) have revealed best practices, the next step is to operationalise
them in a workable process for project developers and decision-makers.

The present study attends to this objective in two ways. First, we
present a holistic framework on community acceptance that builds
on existing social acceptance studies. The novelty of this framework
resides in its capacity to show the interplay between wind project
impacts, the procedural process and local context. It provides a useful
perspective for project developers and decision-makers that can help
them identify the strengths and blind-spots in their methods. Second,
we explore the potential of Multi Criteria Decision Analysis (MCDA) as
a practical approach to yielding community acceptance by (1) limiting
the wind projects’ impacts and (2) facilitating (local) stakeholder partic-
ipation. Through modelling, concepts and processes are made explicit
and accordingly make the issue tangible and debatable. Because of
its transparency, the approach becomes inherently useful for partici-
patory processes [24]. Using a Geographical Information System (GIS)
together with the Analytic Hierarchy Process (AHP), we operationalise
social acceptance as design criterion for wind turbine site selection.
To illustrate the potential of our approach, we examined all potential
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wind sites in the Netherlands, using expert inputs to deduct a social
acceptability metric. The case study’s results demonstrate the feasibil-
ity of spatial planning and reveal the differences between the space
theoretically available and the area meeting minimum social impact
requirements. We conclude by evaluating the strengths and weaknesses
of the approach, using our framework as guiding principle.

We conclude by revisiting our theoretical framework with the pro-
posed methodology, and assess the latter’s potential and limitations for
attaining social acceptance.

2. Theory

Based on the literature on social acceptance, we first provide a
clear definition of the concept. Next we take a closer look at social
acceptance and specifically community acceptance. We will use these
findings to develop a framework whose utility we test against a
use-case for participatory spatial planning, presented in Section 4.

2.1. Unpacking social acceptance

Even though local opposition to wind energy projects has become an
increasingly relevant issue for the technology’s diffusion in the energy
system, it is by no means a new topic in the social science’s field [25].
When the technology saw its first commercial implementation, the
term ’social acceptance,’ in the more general view of renewable energy
technologies, was already on researchers’ radars given its perceived
impact on the projects’ rates of success [18,26,27]. Initially investi-
gated by Carlman [28] in the 1990’s, the topic has been unpacked
since [18,29]. However, despite its academic acknowledgement and
wide-spread use in policy literature [18], a consensus on what exactly is
social acceptance often remains unresolved [30]. As Dermont et al. [31]
rightfully point out, these various interpretations of acceptance make
seemingly analogous findings in empirical literature on what consti-
tutes acceptance paradoxically incomparable. Borrowing from Upham
et al. [32] and the dictionary example by Batel et al. [29], we define
social acceptance in this study as:

The positive response to, or tolerance of a technical or socio-
technical transition project by members of a given social unit.

for which ‘tolerance’ is interpreted according to the definition provided
by the Stanford Encyclopedia of Philosophy [33]: ‘‘the conditional
acceptance of or non-interference with beliefs, actions or practices that
one considers to be wrong but still ’tolerable,’ such that they should
not be prohibited or constrained’’. As such, satisfaction of all stake-
holders with the given transition is no prerequisite. But, where these
stakeholders perceive the process as ’fair,’ tolerance, and consequently
acceptance can still emerge [4].

Wüstenhagen et al. [18] describe social acceptance by discerning a
socio-political, a market and a community dimension (see Fig. 1). Socio-
political acceptance is the most general dimension and comprises the
acceptance of technologies and policies by the public, regulators, key
stakeholders and policy makers, and resonates through public support
of the technology [18,34,35]. Conversely, market acceptance embodies
the acceptance by those that engage with the technology’s manufac-
turing and use, e.g., investors, energy suppliers, energy consumers
and project developers [27,34]. Lastly, community acceptance is the
most specific dimension of social acceptance [34]. Community accep-
tance covers the gravity and extent to which people and businesses
are affected (in their local community context) by the technology’s
implementation and use. It concerns itself with issues of procedural and
distributional justice; how opinions are considered, benefits shared and
how policy-making is conducted [27,34,35].

The high general socio-political acceptance and the economic vi-
ability of the technology [36], suggest that community acceptance is
the most relevant dimension for understanding local opposition against
wind energy projects today [10,22]. By identifying the drivers that
influence the level of community acceptance, impediments to it can be
more practically anticipated and prevented by design.
2

Fig. 1. Social acceptance conceptualisation.
Source: Adapted from Wüstenhagen
et al. [18].

2.2. Community acceptance: a conceptual framework

There is a broad literature on empirical research investigating the
determinants of community acceptance, see e.g. [8,21,22,37,38]. From
key findings in this research, we conceptualise community acceptance
as the consequence of an interplay between an (adverse) impact, pro-
cess and context dimension. To acquire social acceptance, no dimen-
sion can be neglected as disregard of endeavours in either dimension
tempers the effect from those made anywhere else.

First, the impact dimension constitutes everything concerned with
the turbine’s physical presence in its environment. Second, the con-
text dimension entails the social characteristics of the environment
wherein the turbine is placed. Lastly, the process dimension acts as
intermediary between the former dimensions; it is the process through
which the project impacts are managed and perceived by the local com-
munity. In each dimension (discussed further below), some additional
differentiation between community acceptance indicators can be made.

Impact dimension. We identified four steps in dealing with the ad-
verse impacts of wind projects: prevention, mitigation, compensation
(through community benefits), and tolerance. First, factors that can
be leveraged to prevent impacts include visual disturbance, landscape
mismatch, wildlife disturbance, high construction costs1, noise nui-
sance and physical danger due to ice throw. Second, impact mitigation
measures reduce a project’s intrusiveness in its environment by either
making changes to the project or to its surroundings. This includes
(re-)painting the turbines in landscape colours, creating a turbine pat-
tern that follows a river bed rather than placing them in a straight line,
etc. Third, the compensation of impacts with community benefits does
not affect the project per se, but can be leveraged to make the net
impact of the entire development more acceptable. Examples include
investment in local infrastructure & public facilities, the option of
local ownership, tax benefits and financial compensation (specifically,
see van Wijk et al. [41]). Finally, impacts that were or could not be
prevented, mitigated or compensated would have to be tolerated by the
local community. This could happen when community members that
do not support the project still accept it due to its necessity for fighting
climate change, or for reasons of (future) energy security.

Note that while presently, many efforts by developers and munici-
palities focus on tolerance through community participation and impact
compensation through financial participation [22], the prevention of
impacts is the most effective way to acquire acceptance; compensated
impacts do not need to be tolerated, mitigated impacts do not need to
be compensated and prevented impacts do not need to be mitigated.
More specifically, as many of the wind project’s adverse impacts are

1 This indicator is also (and perhaps more) part of Wüstenhagen et al.’s [18]
market acceptance dimension. However, in the framework’s context it refers
specifically to how the local community perceives the project’s costs (and
benefits) [27,34,39,40].
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Fig. 2. Community acceptance framework in the context of social acceptance.
geographically determined, spatial planning is considered one of, if not
the most effective strategy to prevent impacts and raise community
acceptance [4,9].

Process dimension. The process dimension suggests that effective at-
tempts in the procedural process increase the perceived justice and
generate trust among local stakeholders [22]. Examples include the
involvement of local communities in project site selection, general
participation, engagement of local authorities, process transparency
and the quality of communication.

Local context dimension. The local context maintains all the relevant
characteristics that affect how the local community, through the devel-
opment process, responds to the (mis-)management of project impacts.
In this context, place attachment and place identity play an important
role [42–44], as do people’s conceptions about wind energy and climate
change [45–47]. While the relevance of the dimension is clear, it is
difficult to capture in specific mechanisms or indicators. For example,
an above-median education level can be a strong community resource
to mobilise opposition, but also support [6,48]. In a similar sense,
community cohesion and social networks can have either a positive or
negative impact on a project’s chance of success.

To conclude, community acceptance is the most important aspect
of social acceptance holding back the implementation of wind en-
ergy projects. Community acceptance is influenced by the (perceived)
project impacts, the procedural process, and the context wherein the
socio-technical transition takes place. Focusing on the first dimension,
project developers benefit from impact prevention to escape the need
for compensation & mitigation measures, or the need of excess toler-
ance of the local community. The importance of the decision process
as intermediary between the handling of impacts and the consideration
of the local context is emphasised in the literature [4,30,49], and the
notion that the acceptance dimensions should not be considered in
isolation was recently emphasised by Vuichard et al. [50]. We now
demonstrate how transparency in the process dimension and prevention
of impacts in the impacts dimension can actualise acceptance-by-design
through spatial planning.

3. Case: the Netherlands

The Netherlands is a country of about 17.7 million inhabitants [51]
located in the North-Western part of Europe, neighbouring Belgium on
the South and Germany on the East as well as the North Sea along its
North-Western shoreline. With a surface area of 41,526km2, it is the
most densely populated country in the European Union (2022).

In terms of land use, the Netherlands is intensely cultivated (54%
agricultural land), has large water reserves (19%), and roughly equal
3

shares of natural land and built environment (15% and 13% respec-
tively). With a national high of 322 metres above sea level and a
national low of 7 metres below, the Netherlands mainly consists of
coastal lowland and reclaimed land (polders) with a few hills in the
middle and South-East [52]. The even landscape and close proximity
to the North Sea yield very favourable conditions for wind energy
generation [53–55].

Nevertheless, when it comes to attaining renewable energy targets,
the country ranks amongst the lowest of the International Energy
Agency (IEA) member states [56]. The chief reason for this impeded
implementation is caused by local opposition during the planning stage
of local projects [57], despite the prevailing support for renewables
amongst the population [58]. A recent national assessment underlines
how this issue remains an important and prevalent obstacle for the
Dutch energy transition today [59].

Ambitions in the Regional Energy Strategies (RES) concentrate
largely on solar energy [60], presumably as a consequence of op-
position to wind [61]. However, this development will only further
exacerbate the present grid congestion issue [62]; while a 2:1 capacity
ratio of wind-to-solar is desirable [63], the balance is already favouring
solar in the existing energy mix (1:1.7) [64]. Hence, exploring the use
of a practical acceptance-by-design approach is particularly imperative
in the Dutch national context.

4. Methodology

This section describes how we use the factors that influence the
impact of wind energy projects, and thereby community acceptance, for
spatial planning. To this end, we divide the Netherlands into 25 × 25 m
squares and use GIS data and stakeholder-based input to evaluate the
suitability of each location. While using GIS for optimal site selection
is not an uncommon method [65,66], we further refine the approach
by individually considering social concerns (shadow flicker, sound
nuisance and visual impact) and using more sophisticated calculation
functions. Also, we move beyond social constraints (i.e. a location
is either suitable or unsuitable, see e.g. [67]) and consider the site
suitability characteristics as criteria instead (i.e. a site has a measure
of suitability).

The methodology entails three consecutive steps (see Fig. 3) [68].
For every impact criterion, we first map the suitability of every location
using suitability scores. Second, we use stakeholder inputs (in this case
expert inputs) to evaluate the relative importance of each of the criteria
using the AHP. Finally, the suitability scores are integrated into a single
map, and all prohibited sites (too close to power lines for example) are
excluded. This yields the final suitability map. Below, each of the steps
is described in more detail.
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Fig. 3. Schematic overview of the methodology.

4.1. Step 1: criteria

A review of the literature on the spatial planning of wind energy
yielded eight criteria covering economic (road & power line distance),
social (shadow flicker, visual impact and sound nuisance), ecological
(land use and protected natural land) and technical (wind power)
decision aspects. Below we present the site-specific suitability score
calculations for each of the criteria. Where necessary, calculations are
based on a Vestas V150 reference turbine, akin to prior spatial studies
conducted for the Netherlands [69]. The turbine has a hub height of
166m, a rotor diameter of 150m and rated power of 5.6MW. The sound
power is bound at 104.9dB(A) (though noise reduction solutions are
available) and the model has a cut-in and out wind speed of 3 and
25m/s respectively [70]. Spatial datasets used for the calculations are
enclosed in Table 1, a full description of the sets and their use is
provided in Appendix A.

Road & power line proximity. To limit construction & maintenance
costs, a close proximity to the existing road network is desirable [71–
75]. Similarly, staying near transmission lines helps to reduce trans-
mission network costs and power losses [74–79]. In addition to the
economic feasibility component of community acceptance [40], this cri-
terion also contributes to the market acceptance dimension in Wüsten-
hagen et al.’s [18] original classification. Hence raising social accep-
tance in multiple ways.

For the suitability calculation, areas further from roads or power
lines are assigned a lower suitability score. To perform this calculation,
we first generate a map where each location is given a value equal to
the distance from the nearest road or power line. We then use linear
reclassification to convert these distance values into a dimensionless
suitability score between zero and one. Practically this entails dividing
each location’s distance value by the highest value found on the map
and subtracting the residual from one. For roads and (high-voltage)
power lines, the highest distance value corresponds to 5,701 m and
4

Table 1
Data sets used to perform spatial analysis.

Data set Link

Municipal borders 2019 link
Dutch provinces link
National road archive link
Waterway section archive link
National energy atlas link
High-voltage lines link
Topography Basic Registration (TOPNL) link
Water framework directive link
CBS population centres 2011 link
National archive primary flood defences link
Low fly zones & airport space link
Addresses Database link
Global Wind Atlas link
Protected areas - Provinces link
Digital Cadastral Map link
CBS land use archive link

41,192 m respectively.2 The suitability maps for the road and power
line proximity criteria are shown in Figs. 10(d) and 10(b) respectively.

Shadow flicker. The periodic interruption of sunlight due to turbine
blade rotation can be a notable cause of distress [9,80,81]. In the
Netherlands, strict rules are set for this specific criterion. According to
the RVO [82], turbines need to be turned off when shadow flicker has
occurred for more than 20 min during at least 17 days a year (or about
6 h annually [82]).

Areas where there is a risk of meeting this threshold are assigned
the lowest suitability score (0) whereas other areas were given a value
of one. To identify the shape and size of these ’risky locations,’ we used
the Wind Turbine Shadow Calculator3 developed by the Danish Wind In-
dustry Organisation, considering a worst-case scenario. A recent study
by Haac et al. [83] performing a more detailed analysis shows that such
a worst-case scenario is likely an overestimation of the actual effect.
The suitability map for shadow flicker is shown in Fig. 10(c).

Sound nuisance. Noise produced by wind turbines can have a negative
impact on the well-being of people living nearby [84] and some studies
suggest that turbine noise may be an indirect cause for adverse health
effects [85–87]. Though the latter claim is not universally supported
(e.g. by [88]), it is a concern that ought to be recognised in the decision
process [9,81,89,90].

We use a logarithmic noise propagation function to estimate the
sound impact based on the distance from residences. Actual sound
impacts are hard to predict as their magnitude depends on a variety of
factors, such as wind speed, wind direction, distance from the observer,
number of turbines and background noise [91,92]. Moreover, a purely
technical view on the issue is unlikely to cover all its aspects, as a recent
and elaborate study by Dallenbach and Wüstenhagen [93] has shown.
Most studies consider a linear distance-based function, which, as Peri
and Tal [94] point out is an insufficient proxy for the actual impact. In
our case, we use the geometric dispersion of energy to estimate the
sound pressure relative to the distance from a point source (inverse
square law), and a logarithmic scale to convert the sound pressure level
to one of a perceivable Decibel scale (dB) [95–97]. Taking the Dutch
threshold value of 47 dB [69] as suitability bound (any sound levels
lower are considered to be equally suitable), and taking the inverse of
our composite equation (further is better), we find the impact/distance-
function, shown in Fig. 4. The ensuing suitability map is shown in
Fig. 10(f).

2 To find the maximum value, large water bodies and small remote islands
were excluded.

3 The calculation tool can be found at the organisation’s website:
Windpower.org.

https://hub.arcgis.com/datasets/esrinl-content::gemeentegrenzen-2019/
https://www.geoportaaloverijssel.nl/metadata/dataset/2acaa3cf-d133-4a94-b031-baa334e6fbed
https://www.pdok.nl/introductie/-/article/nationaal-wegen-bestand-nwb-
https://nationaalgeoregister.nl/geonetwork/srv/dut/catalog.search#/metadata/701d4eb8-8aae-4708-bba5-3edf6987676d
https://nationaalgeoregister.nl/geonetwork/srv/dut/catalog.search#/metadata/90f5eab6-9cea-4869-a031-2a228fb82fea
https://data.overheid.nl/en/dataset/96e71799-e570-46f2-8df7-2539d515755d
https://www.pdok.nl/geo-services/-/article/basisregistratie-topografie-brt-topnl
https://data.overheid.nl/dataset/189e6a03-ed0a-4842-906d-f208539acd5e
https://nationaalgeoregister.nl/geonetwork/srv/dut/catalog.search#/metadata/2f125bdb-5886-4ff1-86da-329858cd0f91
https://nationaalgeoregister.nl/geonetwork/srv/dut/catalog.search#/metadata/fa4cc54e-26b3-4f25-b643-59458622901c
https://arcg.is/Su1DT
https://www.pdok.nl/introductie/-/article/gebouwen-inspire-geharmoniseerd-
https://globalwindatlas.info/
https://www.pdok.nl/geo-services/-/article/beschermde-gebieden-provincies
https://api.pdok.nl/kadaster/kadastralekaart/download/v4_0/ui/
https://www.pdok.nl/introductie/-/article/cbs-bestand-bodemgebruik
http://ele.aut.ac.ir/~wind/en/tour/env/shadow/shadowc.htm
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Fig. 4. Noise propagation function for the reference turbine.

Fig. 5. Visual impact function for the reference turbine.

Visual impact. Visual impact is often considered the most significant
indicator of social acceptance [27,98–100]. However, like sound, the
visual impact is often considered to behave linearly with respect to the
observer distance, again a clear oversimplification of reality [101].

We combine visual field theory for impact magnitude (how visually
intrusive the turbines are) and a linear-logit model4 by Shang and
Bishop [103] for impact probability (how likely it is that the turbine
will be observed) to approximate an impact/distance-relation for the
wind turbine’s visual presence. Visual field theory suggests that the
relative share a turbine occupies in an observer’s visual field decreases
squarely with the distance from the object. This is consistent with
empirical observations by Bishop [104] and Sullivan et al. [105], who
observe a 1∕𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒2-like relationship in their data. The inverse, ag-
gregate impact/distance-relation is illustrated in Fig. 5, the subsequent
suitability map is presented in Fig. 10(h).

Wind power. Wind speed is by many considered the chief technical
indicator for the performance of wind energy projects [106–109], and
consequently a relevant indicator for community (through a project’s
economic feasibility) and market acceptance. Though the wind speed is
most commonly used for spatial analysis, others deploy the wind power
density to generate their suitability maps [110–112]. As the turbine
power output (P) is given through [112]:

𝑃 = 1
2
𝐶𝑝𝜌𝐴𝑟𝑜𝑡𝑜𝑟𝑤 (1)

where the maximum power coefficient (𝐶𝑝) and rotor surface area
(𝐴𝑟𝑜𝑡𝑜𝑟) are constant turbine properties, the wind speed (𝑤) and air
density (𝜌) are the only variables left. Consequently, capturing these
two variables in a single indicator (i.e. wind power density, 𝑤 × 𝜌)

4 ‘‘A logit model, is used to model dichotomous outcome variables. In the
logit model the log odds of the outcome is modelled as a linear combination
of the predictor variables’’ [102].
5

yields the best proxy for our suitability calculation. We subtract the
lowest measured average wind power density from each location’s
value, and then divide the result by the now-highest wind power
density to compute the suitability indicator for the turbine’s technical
performance (linear, min–max reclassification). Fig. 10(e) shows the
corresponding suitability map for the wind power density.

Land use. Land use reflects the present natural character and ecological
value of a designated area [113]. Using the land use data set by the
Dutch Bureau of Statistics (CBS), we discern three land use classes,
namely water bodies (19.03%), natural land (14.51%) and agricul-
tural terrain (53.54%). Naturally, the built environment (12.92%) is
excluded from the analysis.

Suitability scores for different land use classes were assigned based
on stakeholder input, according to the following procedure: First, stake-
holders are asked to indicate how important they think each land
use class is with respect to the others using the AHP (explained in
step 2), yielding a weight (between one and zero) for each type of
area. Next, the values are subtracted from one to give the highest-
rated land use class the lowest suitability score. Third, the suitability
scores are divided by the highest score in the series. This ensures that
the most suitable (lowest-rated) land use class is given a suitability
score of one, while the relative importance between the alternatives is
maintained. Lastly, all areas in the study area are given the suitability
score corresponding to the land use class they belong to. Based on
expert input, the result of this procedure is shown in the suitability
map from Fig. 10(a).

Protected natural area. In addition to the land use classes, certain areas
are also subject to natural protection laws. Each natural category has
its own specific ecological characteristics and value, hence making it
relevant for mutual comparison and weighting. For the Netherlands,
we identify the following categories:

- Natura 2000 parks & Nature Protection Act (Dutch: Natuurbescher-
mingswet) (NBW)-zones: inhabited by endangered plant and ani-
mal species [114,115].

- Silence areas: only sounds naturally inherent to the location are
permitted here [116].

- Dutch Nature Network (Dutch: Natuurnetwerk Nederland) (NNN)-
zones: small segmented nature reserves [117].

- National landscapes comprising the 21 large Dutch natural parks
[118].

- Geoheritage sites: landscapes illustrative of their natural formation
process [119].

Weight calculation of the different protected areas follows a similar
approach to that of the land use types and uses weighting inputs from
the same group of experts. However, unlike the previous criterion, pro-
tection classes are not mutually exclusive and one site can be subject to
multiple protection laws. This area overlap is handled in a reinforcing
manner, meaning that when a location has multiple protection classi-
fications, the weights are multiplied, yielding a proportionally lower
suitability score. The ensuing suitability map is shown in Fig. 10(g).

4.2. Step 2: The relative importance of the criteria

The relative importance of the different criteria is estimated using
MCDA, facilitating a systematic assessment of the economic, social,
technical and ecological dimensions. What makes MCDA particularly
useful here is its ability for stakeholder involvement [120–123]. Stake-
holder involvement, as our framework has shown, can positively con-
tribute to the process-dimension of community acceptance. Indeed,
GIS-based MCDA are considered the most suitable [124,125] and most
commonly applied [126] solutions to multi-criterion spatial planning
problems, outperforming customary cost–benefit analyses in terms of
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Fig. 6. Conceptual example of a decision hierarchy.
transparency [123]. In this study, we use Qgis5 to perform the spatial
analysis and the AHP as MCDA approach.

As MCDA method, the AHP is commonly applied in spatial contexts
[127,128]. It was originally developed and introduced by Saaty [129]
in the 1980’s [130,131] and has been used in a variety of contexts
since [132]. In its simplest form, the procedure involves three steps or
phases: (1) forming the decision hierarchy from the relevant criteria,
(2) obtaining the relative importance of each of the criteria, and (3)
computing the criterion’s weights [81,133–136]. These steps are further
clarified below.

1. Forming the decision hierarchy. The first step is to formalise the
impact of the criteria on the objective by positioning them in a decision
hierarchy. The objective (site suitability) is placed at the top, and the
criteria and alternatives (all 25 × 25 m areas) on the second and third
rank respectively [130]. Each criterion will have to be compared to the
others, so when more than seven,6 criteria are considered, they must
first be clustered into groups or ‘branches’ according to similarities
in their nature (e.g. economic, ecological, social or technical), see the
conceptual example in Fig. 6.

2. Conducting pairwise comparisons. Once the decision hierarchy is
established, the importance of every criterion is approximated by inputs
from a stakeholder group. To do so, each stakeholder is asked to
estimate how much more important one criterion is over another using
Saaty’s nine-point scale [138]. When the importance of one criterion
(𝐶𝑖) over another (𝐶𝑗) is denoted as 𝑐𝑖𝑗 , a decision matrix (𝐴) for 𝑛
criteria is given through 𝐴 = [𝑐𝑖𝑗 ]∀𝑖, 𝑗 = 1, 2..., 𝑛 [130,138].

𝐴 =

⎡

⎢

⎢

⎢

⎢

⎣

𝑐11 𝑐12 ⋯ 𝑐1𝑛
𝑐21 𝑐22 ⋯ 𝑐2𝑛
⋮ ⋮ ⋱
𝑐𝑛1 𝑐𝑛2 𝑐𝑛𝑛

⎤

⎥

⎥

⎥

⎥

⎦

(2)

Fundamentally, the importance of a criterion with respect to itself
(𝑐𝑖𝑖) is always equal to one, and, following the reciprocal judgement, 𝑐𝑖𝑗
is always equal to 1∕𝑐𝑗𝑖 [129]. Thus, considering a (part of a) decision

5 a free and open-source GIS
6 Indeed, following the 1960’s theory by Miller [137] experts can only

handle seven (± two) facts at a time, a number beyond which the information
becomes incomprehensible.
6

hierarchy with 𝑛 criteria, a total of 𝑛(𝑛−1)∕2 comparisons are required
to compute the decision matrix. For this study, inputs from 9 experts in
the field of spatial renewable energy planning were used to calculate
the criterion weights. More details on the experts and their involvement
can be found in Appendix B.

3. Calculating the weights & decision consistency. To calculate the criteria
weights, the relative importance of each criterion is extracted from
the priority vector of the decision matrix. For a consistent matrix, the
priority vector 𝑤 is equal to the principal eigenvector (see Saaty [139]
for proofs), and can be calculated using the eigenvalue method.

By comparing the decision matrix’s Consistency Index (CI) with the
average CI of a sizable sample of similar eigenvalue problems, it can
be judged whether a series of comparisons is’sufficiently consistent.’
Finding the Consistency Ratio (CR) entails dividing the matrix’s CI by
the Random Consistency Index (RI), which is a function of the number
of criteria considered [129]. According to Saaty [130], the decision
matrix is consistent enough when its CR is smaller than 0.1.

After the decision matrices for all branches have been computed, the
weight of each individual criterion can be calculated by multiplying its
weight with the weight of its branch.

The weights estimated by the different experts were averaged and
used to construct a composite suitability map. In this composite suit-
ability map, the score (𝑠) of each location is found by multiplying, for
each criterion (𝑖 = 1...𝑛), its weight (0 ≤ 𝑤 ≤ 1) with the score in the
corresponding criterion’s map (0 ≤ 𝑘 ≤ 1):

𝑠 =
𝑛
∑

𝑖=1
𝑤𝑖𝑘𝑖 (3)

To then acquire the final suitability map, prohibited locations should
be excluded. This final step is described below.

4.3. Step 3: Constraints

To acquire the final suitability map, prohibited locations, enclosed
in a constraint map, need to be excluded from the previous result.
This constraint map holds a binary value for each location, where a
location is either prohibited (a value of zero), or permissible (a value of
one). Constraints are often excluded due to safety or social reasons, or
simply because the site has already been reserved for another use. The
constraints here are considered unequivocal, even though constraints
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Table 2
Study constraints.

Constraint Buffer distance (m) Source

Roads 1∕2𝑑𝑟𝑜𝑡𝑜𝑟 [141]
Power lines 1∕2𝑑𝑟𝑜𝑡𝑜𝑟 + ℎ𝑚𝑎𝑠𝑡 [141]
Railways 1∕2𝑑𝑟𝑜𝑡𝑜𝑟 + 11 [142]
Waterways 50 [142]
Primary weirs 50 [140]
Low-fly-zones 1∕2𝑑𝑟𝑜𝑡𝑜𝑟 [141]
Airport airspace 1∕2𝑑𝑟𝑜𝑡𝑜𝑟 [141]
Scattered houses 300 [69]
Urban centres 500 [69]
Existing turbines 4𝑑𝑟𝑜𝑡𝑜𝑟 from blade tip [69]
Large water bodies – [69]
Built area – –

Table 3
Prohibited area statistics for constraints.

Constraint Constrained (%)

Roads 11.11
Power grid 4.21
Railways 1.52
Water & waterways 20.54
Primary weir dikes 0.82
Restricted airspace 10.81
Disseminated settlements 59.84
Urban centers 24.23
Existing turbines 4.1
Built area 11.36

Combined 83.79

Table 4
Expert panel criterion weights (average).

Criterion 𝑤 Sub-criterion 𝑤 𝑤𝑖

Economic 0.241 Power line proximity 0.817 0.197
Road proximity 0.183 0.044

Social 0.281 Visual impact 0.310 0.087
Shadow flicker 0.206 0.058
Noise 0.484 0.136

Technical 0.166 Wind power density 1.000 0.166
Ecological 0.312 Protected land 0.740 0.231

Land use 0.260 0.081

may be lifted or abated based on further situation-specific impact
or risk analysis [140]. An overview of the constraints considered in
this study (following the Dutch Programme of the Regional Energy
Strategies [69]) is presented in Table 2. Where applicable, a buffer
zone is created in addition to the initial area, and both are assigned
a zero-value.

To compute the final suitability map, the aggregate suitability score
for every location (equation (3)) is multiplied with it’s constraint score,
yielding the final suitability equation (4) [124,143,144]:

𝑠 =
𝑛
∑

𝑖=1
𝑤𝑖𝑘𝑖

𝑟
∏

𝑞=1
𝑏𝑞 (4)

5. Results

The reclassified criterion maps for all eight criteria of the siting
analysis are shown in Fig. 10(a) through 10(h) in Appendix C, where
dark areas indicate a low adverse impact or high suitability for the
corresponding criterion. The aggregate constraint map can be found in
Fig. 10(i), where grey areas indicate prohibited locations. The contribu-
tion of every constraint (considered individually) to the total excluded
area (84% of the national landscape) is presented in Table 3.

The average weights computed from the expert panel inputs are
shown in Table 4. Experts ranked the ecological criteria most relevant
(0.312), followed by those of social (0.281), economic (0.241) and
technical (0.166) concern.
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Fig. 7. Histogram of site suitability scores coinciding with existing wind turbines.

Aggregating the criterion maps using their corresponding weights
and subtracting the prohibited areas using the constraint map, the final
suitability map is shown on the left in Fig. 8 (for a high-resolution
gradient map, see Fig. 11 in Appendix D).

In order to identify sufficiently suitable sites, we established a
threshold value by looking at the scores of already existing turbine
sites (see histogram in Fig. 7). These turbines appear to be placed at
locations with an average suitability score of 0.67, 0.06 higher than the
average of all unrestricted locations. Deploying this average suitability
score as a minimum requirement, we find that there are still many
unused areas left to explore. To illustrate their spatial distribution, a
map with sufficiently suitable sites is presented on the right-side of
Fig. 8. The most suitable locations reside primarily in the northern part
of the country.

Populating the sufficiently suitable locations with 5.6MW reference
turbines, a rough estimate of the total wind energy potential in the
Netherlands can be projected. This yielded a total potential wind
energy capacity of 26.5GW. Together with existing onshore turbines
(accounting for 3.3GW of installed capacity), the total potential for on-
shore wind energy in the Netherlands, considering a social acceptance
threshold, is 29.8GW.

6. Conclusion and discussion

Although public support for wind energy is high, opposition to
local projects is threatening renewable energy objectives globally. Local
opposition is the consequence of a lack of social, and especially com-
munity acceptance. In this study, we use insights from the empirical
literature on the determinants of community acceptance to develop
a framework. The framework (Fig. 2) provides a holistic conceptual
representation of community acceptance as the result of an interplay
between project impacts, process and context. It can serve as a bench-
mark for project developers and decision-makers to identify blind-spots
in their current methods and processes, and better understand (the lack
of) social acceptance.

We found that community acceptance emerges from the extent to
which the project impacts are prevented, mitigated, compensated and
tolerated (impact dimension), and the degree to which the local context
is taken into account (context dimension). Furthermore, we have found
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Fig. 8. Unconstrained locations with any suitability score (left) or with suitability scores higher than 0.67 only (right).
that trust and fairness are universal determinants in the project’s devel-
opment process, which as the third dimension intermediates between
the former two.

Taking the framework as guiding principle, we performed a MCDA
on possible wind turbine sites in the Netherlands. Using GIS software
and expert input, we demonstrate how each site can be rated on various
criteria (economic, social, environmental and technical) to identify
least-impact locations, and that depending on how important each
criterion is considered, the most suitable location (25 × 25 m) can
be found. In doing so, we demonstrate the feasibility and potential of
integrating an ‘acceptance by design’-mentality in the planning process
of wind energy projects.

For the Netherlands, experts assess the ecological criteria as most
relevant, and specifically value natural areas that are protected by
law. Excluding prohibited areas, around 6,734 km2 (16%) of the Dutch
8

national area remains available for facilitating onshore wind. Using
existing wind turbine locations as social acceptance suitability thresh-
old, we have found that 2,531 km2 (37% of the available area, 6% of
the national total) scores as good as, or better than the sites presently
used. Populating this residual area with 5.6MW reference turbines,
we concluded that the total potential for onshore wind energy in the
Netherlands amounts to 29.8GW. Though this exceeds all Dutch future
energy scenarios [145–148], its distribution amongst the provinces is
rather uneven, with excess turbines located in the North. This might
cause congestion issues and trigger discussions on the distribution
of costs and benefits as the lion’s share of demand comes from the
south [56].

Spatial planning using GIS and MCDA shows to offer a tangible,
transparent and traceable approach. Due to its potential for improving
transparency and trust, it could very well facilitate the now-limited
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Fig. 9. GIS and MCDA in the community acceptance framework.

stakeholder involvement and participation [149]. Using local pref-
erences (as opposed to expert input) on criterion selection and im-
portance weighting, regional sentiment can be captured through this
universal technique. Because the relationship between project impact
and site suitability is made explicit, site selection becomes transparent
and can be apprehensibly discussed. Our framework clearly illustrates
why this particular approach is so valuable for social acceptance;
apart from its potential to prevent turbine impacts, it also contributes
to improving trust in the process dimension7 (see Fig. 9). With the
emergency regulation proposed by the European Commission under
REPowerEU to speed up the permitting process of renewable energy
projects [151], methods like these that can effectively address the
societal bottleneck can be very helpful.

As said, our framework also helps decision-makers to understand
the limitations of their methods. Blind spots of the GIS-MCDA-approach
reside in its inability to consider the reduction of impacts through
design modifications and applying compensation schemes. Moreover,
for safeguarding justice and the proper consideration of local contexts,
supplementary methods will be required. These findings are in line with
spatial planning studies and research that recognises the importance
of procedural and contextual factors. While the proposed methodol-
ogy facilitates stakeholder involvement, improves transparency in the
planning process, and can consequently help raising trust, we should
emphasise that by itself, it cannot guarantee a favourable outcome.
Decision-makers must recognise that participatory planning can only
be part of a democratic decision making process, never a substitute to
enforce implementation.

Limitations in the modelling process should also be addressed
[152,153]. Firstly, while modelling real-world impacts from a social,
environmental, economic and technical point of view allows us to
consider multiple impacts simultaneously, it also demands a certain
degree of abstraction [24]. Though we identified an important bene-
fit of GIS-MCDA-modeling (making social acceptance explicit), some
aspects of the real world are lost [154]. Two recommendations would
therefor be to (1) develop creative ways to (more accurately) capture
perceivably intangible acceptance criteria such as place attachment
(e.g. [155]) and ecological value (e.g. [156]), and (2) to quantify
the importance of missing data. In our study, we have taken a first
step in considering social criteria individually and in a more precise
manner than through a simple distance-function. Criteria that could
not be considered in this study due to data unavailability included
land costs, grid congestion risk and landowner data. By including these
missing criteria in the MCDA (even though they cannot be used for the

7 The importance of which was recently emphasised by Prados et al. [43]
and Gölz et al. [150].
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modelling objective), their relative importance could have been used
to estimate the siting analysis’ (in)completeness. For example, if grid
congestion was given a weight of 0.1 (10%), this would mean that the
siting analysis only accounts for 90% of the relevant criteria, which
has valuable implications for how the results should be interpreted and
used.

Another disadvantage of GIS-based MCDA, is that it impairs the
consideration and heterogeneity of local contexts. Where concerns and
perspectives can be shared conveniently through narrative-based ap-
proaches, modelling involves a certain disciplinary ’lock-in’ that leaves
these areas unexplored. Pluralist ’bridging strategies’ and constructive
conflict between model-based and dialogue approaches should, to this
end, be further explored [153].

Finally, the importance of the other acceptance components of both
community and social acceptance cannot be overstated. Though spatial
planning can be a valuable instrument for incorporating community
acceptance in wind energy projects, planning alone will not be enough.
Since no site in the study area attained a zero-impact score (suitability
score of 1), there will always be impacts to compensate, mitigate and
tolerate. A recent study suggests that the gap between the expected
(modelled) and actual (real-world) outcomes can be explained by these
other factors, particularly justice [93]. The quality of the development
process, and the consideration of the context wherein it takes place thus
become the now-important determinants influencing wind projects’
acceptance and success.
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Appendix A. Data-sets

See Table 5.

Table 5
Available data sets used to perform analysis.

Object Data set Source(s) Version Link

Borders municipalities Gemeentegrenzen 2019 Esri Nederland apr-20 link

Borders provinces Provinciegrenzen van Nederland Provincie Overijssel &
Kadaster

jan-19 link

Primary roads Nationaal Wegenbestand Rijkswaterstaat okt-19 link

Secondary roads Nationaal Wegenbestand Rijkswaterstaat okt-19 link

Other roads Nationaal Wegenbestand Rijkswaterstaat okt-19 link

Waterways NWB vaarwegen: Vaarwegvakken (RWS) Rijkswaterstaat aug-21 link

Existing turbines Nationale energieatlas RIVM, Rijkswaterstaat &
Windstats.nl

nov-20 link

Gridlines Bovengrondse hoogspanningslijnen met
indicatieve magneetveldzone

RIVM aug-21 link

Railways Dataset: Basisregistratie Topografie (BRT)
TOPNL

Kadaster jun-21 link

Surface water bodies Kaderrichtlijn Water Rijkswaterstaat aug-21 link

Urban centres CBS Bevolkingskernen 2011 CBS mei-14 link

Primary weir dikes Dataset Nationale Basisbestanden Primaire
Waterkeringen

Informatiehuis Water mrt-17 link

Low fly zones & airport space Rijksdienst voor Ondernemend Nederland ILT, LVNL, Defensie, RVB,
IenW & RWS

apr-21 link

Non-nature areas Basisregistratie Adressen & Gebouwen (BAG) Kadaster feb-21 link

Wind power density Global Wind Atlas Global Wind Atlas aug-21 link

Area protection status Beschermde gebieden - Provincies Kadaster n.d. link

Disseminated settlements Digitale Kadastrale Kaart Kadaster apr-18 link

Other built areas Basisregistratie Topografie (BRT) TOPNL Kadaster sep-21 link

Land use CBS Bestand Bodemgebruik CBS jan-19 link

Appendix B. Details stakeholder involvement

The experts (Table 6) were approached individually and asked to
indicate their perceived importance of each of the acceptance criteria
in an excel sheet. The sheet explained how the criteria weights were

calculated and also calculated the consistency of their decision matri-
ces. By giving immediate feedback on the experts’ inputs, they were
able to adjust their preferences dynamically—eliminating the need for
any long-term iterations.

Table 6
Expert panel for criterion weights (anonimised).

Function Organisation type

Renewable Energy Expert Renewable energy & climate policy advisory firm
Spatial Development and Energy Consultant Renewable energy & climate policy advisory firm
Renewable Energy Consultant Renewable energy & climate policy advisory firm
Policy Officer Energy Transition & Circular Economy Regional environmental association
Project Manager Renewable Energy and Agriculture Engineering consultancy
Senior Advisor Sustainable Energy and Spatial Planning Renewable energy & climate policy advisory firm
Manager Project Development Wind and Solar Renewable energy supplier
Project Engineer Wind Energy and High-Voltage Grid Construction engineering company
Project Engineer Wind and Solar Energy Construction engineering company
10

https://hub.arcgis.com/datasets/esrinl-content::gemeentegrenzen-2019/
https://www.geoportaaloverijssel.nl/metadata/dataset/2acaa3cf-d133-4a94-b031-baa334e6fbed
https://www.pdok.nl/introductie/-/article/nationaal-wegen-bestand-nwb-
https://www.pdok.nl/introductie/-/article/nationaal-wegen-bestand-nwb-
https://www.pdok.nl/introductie/-/article/nationaal-wegen-bestand-nwb-
https://nationaalgeoregister.nl/geonetwork/srv/dut/catalog.search#/metadata/701d4eb8-8aae-4708-bba5-3edf6987676d
https://nationaalgeoregister.nl/geonetwork/srv/dut/catalog.search#/metadata/90f5eab6-9cea-4869-a031-2a228fb82fea
https://data.overheid.nl/en/dataset/96e71799-e570-46f2-8df7-2539d515755d
https://www.pdok.nl/geo-services/-/article/basisregistratie-topografie-brt-topnl
https://data.overheid.nl/dataset/189e6a03-ed0a-4842-906d-f208539acd5e
https://nationaalgeoregister.nl/geonetwork/srv/dut/catalog.search#/metadata/2f125bdb-5886-4ff1-86da-329858cd0f91
https://nationaalgeoregister.nl/geonetwork/srv/dut/catalog.search#/metadata/fa4cc54e-26b3-4f25-b643-59458622901c
https://arcg.is/Su1DT
https://www.pdok.nl/introductie/-/article/gebouwen-inspire-geharmoniseerd-
https://globalwindatlas.info/
https://www.pdok.nl/geo-services/-/article/beschermde-gebieden-provincies
https://api.pdok.nl/kadaster/kadastralekaart/download/v4_0/ui/
https://www.pdok.nl/introductie/-/article/basisregistratie-topografie-brt-topnl
https://www.pdok.nl/introductie/-/article/cbs-bestand-bodemgebruik
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Appendix C. Criteria and constraint maps

Fig. 10. Reclassified evaluation criterion and total constraint maps for wind energy project siting in the Netherlands.
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Appendix D. High-res suitability map

Fig. 11. Final suitability map.
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