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a b s t r a c t

Preferences for developing 3600 MW offshore wind farms in Denmark are estimated based on data from
a choice experiment. The variation in willingness to pay for the location of offshore wind power
development at 8, 12, 18, or 50 km from shore is analysed as a function of gender, age, education, income,
wind turbine viewshed, and beach visits. With a willingness to pay space mixlogit model, we find that
willingness to pay varies significantly as a function of the age, income level, viewshed to offshore wind
farms, and beach visit frequency of the respondents.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Offshore wind power is forecasted to have the highest contri-
bution to renewable energy development. A minimum of
240e450 GW offshore wind is thus required to keep the tempera-
ture increase below 1.5 �C [1,2]. Consequently, an increasing
number of people will be exposed to offshore wind turbines and
their visual impacts [3e7]. Past studies have demonstrated that
visual impacts lead to external costs of offshore wind farms [8e13].
The external costs have consequences for the total costs of the
green energy transition and efficient energy planning. Reducing the
external visual costs by locating the offshore wind farms far from
shore becomes evenmore relevant with the expected development
in floating wind farms [8,14,15]. Consequently, scholars have been
motivated to carry out economic valuation studies to obtain esti-
mates of the value of reducing the visual costs of offshore wind
power.
@cleancluster.dk (M. Skotte).

r Ltd. This is an open access articl
In most study countries, offshore wind farms have not yet been
built or are operating in waters far from housing markets. Conse-
quently, mainly Stated Preference (SP) [16e18] studies are the
dominant method to elicit hypothetical Willingness To Pay (WTP)
for locating offshore wind farms further from the shore [5,19]. One
exception is Jensen et al. [20], who use the Revealed Preference (RP)
method hedonic pricing method to estimate the impact of offshore
wind farms on house prices. The study finds no effects. The reviews
by Ladenburg and Lutzeyer [5] and Wen et al. [19] conclude that
people, on average, have a positive WTP for locating offshore wind
farms at large distances from shore. However, how the WTP varies
over socio-demographic groups is not well established. Potential
WTP differences across subgroups are essential in an economic and
policy assessment of present and potential future visual costs at the
population level. If WTP and the related visual costs of offshore
wind power increase significantly with income (income effects),
the visual costs of offshore will differ substantially between coun-
tries with different GDP and income distributions or within a
country as the GDP rises [21,22]. Another case is the reported higher
WTP for reducing the visual impacts among older respondents
discussed by Ladenburg and Lutzeyer [5]. If the age relation is a
e under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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SP Stated preferences
WTP Willingness to pay
SQ Status quo
CE Choice experiments
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cohort effect [23e25], then future WTP for reducing the visual
impacts from offshore wind farms will decline. In that case,
offshore wind power planners locate too much wind power ca-
pacity far shore, adding additional billions in costs and slowing
down the speed of the green transition. A third relevant policy
factor is the potential relation between recreational use of the
coastal area andWTP for locating offshore wind farms further from
the coast. The economic activities related to coastal recreation
quickly sum up to several thousand $/ha/year, equal to many bil-
lions $ on a global scale [26]. If coastal recreational activities
correlate with demand for locating offshore wind farms far from
shore, the policy implications are significant. A final policy measure
of relevance is the relation between offshore wind power exposure
and WTP for locating offshore wind farms further offshore. If
viewshed to offshore wind farms correlates with the WTP for
locating offshore wind farms far from the shore, this can have
significant dynamic policy implications.

Using SP and estimated WTPs for locating offshore wind farms
at seven specific sites in Denmark, the present paper tests and find
substantial WTP heterogeneity for placing offshore wind farms at
different distances from the shore across age, income, viewsheds to
offshore wind farms, and beach visit frequencies. Some of the re-
sults support past research, while other findings spur a new debate.

2. Material and methods

2.1. Review

The first study to estimate the WTP for locating offshore wind
farms further from the shore is Ladenburg and Dubgaard [27,29].
Using the SP method Choice Experiments (CE), the studies explore
preference heterogeneity as a function of age, income, education,
coastal recreation, and viewshed to offshore wind farms. Older
respondents (older than 29 years), respondents from higher-
income households, frequent recreational users of the coastal
area, and respondents with an offshore wind farm in the viewshed
have higher WTPs for locating the offshore wind farms at larger
distances than 8 km. Krueger et al. [34], Ladenburg et al. [35],
Landry et al. [33], and Kim et al. [30] use CE to estimate WTP for
locating wind farms at different distances from the shore in the US,
Denmark, in the US, and Korea, respectively. The studies find sig-
nificant WTPs for reducing the visual impacts from offshore wind
farms but do not test for WTP heterogeneity across socio-economic
groups. Westerberg et al. [32,36] estimate preferences for offshore
wind farm locations at different distances in a recreational choice
framework using a latent class logit model and conditional logit
model. Through a latent class membership function and factor
analysis, the studies find that older respondents and respondents
who have completed at least two years of secondary education have
stronger preferences for locating offshore wind far from shore.
Lutzeyer et al. [31] analyse the impact of a varying number of
offshore wind turbines visible from shore on the rental decision of
vacation property along the beach in North Carolina. The prefer-
ences and WTP analyses apply a latent class model. There are three
2

classes in the model “All View”, “Some View”, and “Never View”.
The first group includes most of the respondents who always
choose an alternativewith some view to an offshorewind farm. The
second group contains respondents who at least once have selected
an alternative with some view to an offshore wind farm. The dif-
ference between the two latent groups is that respondents in the
first group more frequently choose an alternative with a view to
offshore wind farms. The third group includes respondents who
never choose an alternative with a view to offshore wind farms or
respondents who sometimes (but never always) choose an alter-
native with a view. The “Some View” group has a higher proportion
of female respondents, and the “Never View” group has a higher
proportion of high-income respondents. Ladenburg et al. [28] es-
timate offshore and onshorewind power development preferences.
The offshore attributes are the geographical location of the offshore
wind farm and the distance from the shore. The study reports
higherWTPs for locating the offshorewind farms at 50 km from the
shore among higher-income households. The study also finds WTP
for locating offshore wind farms at 12, 18, or 50 km to increase with
the age of the respondents.

Other studies apply a contingent behaviour/contingent travel
cost methodology. In the studies, respondents state their likelihood
of visiting a beach with and without offshore wind farms at
different distances from the shore. However, compared to
Refs. [31e33], the costs of going to the beach do not vary. A WTP
measure is therefore not estimable. Lilley et al. [37] estimate rec-
reational beach visits as a function of an offshore wind farm loca-
tion 10 km from the shore. The study finds that high-income
households and older respondents have negative preferences for
an offshore wind farm 10 km from the shore. However, the former
correlation estimate is only significant on a 90% confidence level.
Voltaire et al. [38] test if intended beach visits are conditional on an
offshorewind farm situated near the beach. The offshore wind farm
attributes were the distance to the shore and the density of tur-
bines. They estimate a trip visit model including both thewind farm
attributes and socio-demographics of the respondents. Still, they do
not test if specific socio-demographic groups react more or less to
near/far distances or high/low turbine densities. Teisl and co-
authors [39] compare stated responses to 2 D pictures of an
offshorewind farmvs a virtual reality tool to present thewind farm.
They find that VR gives more negative reactions but also better
evaluation of the impacts from offshore wind turbines. They do not
test if the responses are conditional on the socio-demographics of
the respondents. Parson et al. [40] also estimate the changes in
beach choices based on a contingent behaviour study. In the study,
the offshore wind farms are located at the beach at different dis-
tances from the shore (2.5e25 miles). The study finds that the re-
spondents react negatively to offshore wind farms close to shore.
The study does not test if preferences for wind farms at different
distances differ between socio-demographic groups.

Finally, using the hedonic house price method, Jensen et al. [20]
test if offshore wind farms influence house prices but find no sig-
nificant evidence.

2.2. The survey

The present paper uses CE [41e44] to estimate the WTPs for the
location of offshore wind farms at different distances from the
shore. We choose CE relative to the economic valuation method
Contingent Valuation Method (CVM) [45e47]. The primary moti-
vation of choice was to take advantage of that respondents in CE
simultaneously evaluate multiple scenarios, including different
attributes with different levels [41,42]. CVM typically only includes
one or perhaps two scenarios [16]. An alternative method could
have been the house price method as done lately by Jensen et al.



3 In the original survey, the visualizations were larger to give the respondents a
better feeling of the visual impacts. Each choice set thus covered an area on the
computer screen equivalent to an entire A4 page.

4 The CT and budget reminder given were formulated as “Please pay attention to
that the annual cost is the amount your household will have to pay if the chosen
alternative was to be implemented. Previous willingness to pay studies have demon-
strated that people seem to overrate how much they are willing to pay. Therefore,
consider thoroughly how the annual extra costs will affect your budget, so that you are
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[20]. When the study was conducted, relatively few houses were
located close to the existing offshore wind farms. Due to their
pristine location, such properties are often not sold on a regular
market.1 This makes the registered house price data less useful.

The survey data is from 2006. The discussion part of the paper
addresses the age of the data. The desired sample size was limited
to 350 respondents due to budget constraints. A web panel survey
company invited and emailed 619 respondents a questionnaire. Of
these, 355 completed the questionnaire. Removing protest answers
(see the end of this section for a description of the protest defini-
tion), the effective sample size is 272 respondents. The effective
response rate is 43.9%.

The first part of the survey focused on the respondents’ attitudes
and perceptions towards wind power. The respondents were then
introduced to the CE scenario and told to assume that wind tur-
bines would generate one-third of the electricity in Denmark in
2030. The CE scenario included the development of 720 offshore
wind turbines, each having a height of 100 m with a wingspan of
120 m (5 MW turbine, 3600 MW in total). The scenario envisioned
the construction of seven offshore wind farms at different sites. The
offshore wind farms would not be in nature-protected areas, and
the wind farm sites would have a minimum impact onwildlife. The
respondents were not informed about any potential differences in
the impacts on wildlife between the seven locations. The scenario
description and preamble are in Appendix Text 1.

A map showing the seven areas for offshore development gave
the respondents an overview of the planned development. In the
map, black or shaded areas represented existing offshore wind
farms. Newwind farms were planned in the shaded areas, while no
new offshore wind farms were planned in the black areas. In the
map, grey areas represented new areas with presently no exiting
offshore wind turbines. The map is in Fig. 1.

All respondents were given six choice sets. Each choice set
consisted of a status quo (SQ) alternative and two alternative wind
farm locations. In the SQ alternative, the offshorewind farmswould
be located 8 km from the shore with no additional tax (see below).
The wind farms were located 12, 18, or 50 km from the coast in the
two other alternatives and were associated with a tax increase.

These distances represent reductions in the visual impacts
compared to 8 km. A wind farm located at 50 km would not be
visible from the coast. The payment vehicle was an annual fixed tax
added to the household electricity bill. Input from a focus group
interview strongly influenced the choice of payment vehicle. The
focus group participant thus stressed that they found it difficult to
remember their annual electricity consumption. The yearly tax
increase had the following levels; 13.33, 53.33, 93.33, and 186.67 V

per household per year.2 The study by Ladenburg and Dubgaard
[27] was a strong inspiration for the tax levels. Both thewind power
development scenario (3600 MW) and the distance from the coast
(8, 12, 18, or 50 km) in that study were identical to the levels in the
present study. The cost levels in Ladenburg and Dubgaard [27] were
in the interval of 0e175 V/household/year.

With three hypothetical distances and four prices, a total of 12
(3 £ 4) alternatives were constructed (full factorial design).
Following Kuhfeld [49], the design ensured aminimum overlap and
minimum correlation in attributes within each choice set. The full
factorial design provides an equal representation of each attribute
level [50]. The applied design assumed utility parameters to be
zero, which was a relatively standard design assumption at the
time. Clearly, since 2006 when the study was carried out, methods
1 Such properties are often inherited or sold with a discount to family members.
2 In the survey, the payment levels were presented in Danish Kroner (DKK). The

equivalent levels are 100, 400, 700 and 1,400 DKK/household/year.
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to create more efficient CE designs have been developed, such as
Ferrini and Scarpa [51] or Vermeulen et al. [52]. As the example
choice set in Fig. 2 illustrates, the applied visualisations were
generic [53].3

The nature of the data is hypothetical. To reduce the risk of
hypothetical bias [54] and inspired by Whitehead and Cherry [55],
both a budget reminder and a short version of a Cheap Talk (CT)4

was part of the preamble describing the hypothetical market. Re-
spondents who always chose the SQ alternative were given a
follow-up question to gauge a deeper understanding of preferences
governing the series of choices of the SQ alternative (i.e. no pref-
erences for reducing the visual disamenities). Respondents
answering that their primary reason was that they preferred the
wind turbines to be located at larger distances from the shore but
did not want to pay a higher electricity bill were classified as “opt-
out protesters5”. Similarly, were those respondents stating that
they could not relate to paying a higher electricity bill. These re-
spondents’ primary reasons for choosing the SQ alternative was
thus due to the setup of the survey and not their genuine
preferences.

Respondents who always “opted-in” (always chooses one of the
two policy alternatives) might also have (biased) incentives that do
not comply with utility maximation and expected market behav-
iour. Such incentives will drive up a biased WTP for locating
offshore wind farms at larger distances. These respondents were
given follow-up questions. The respondents, who answered that
they always chose one of the two policy scenarios because they did
not know what to choose6 or did not seriously consider the cost
attribute but would like to influence politicians’ decisions, were
classified as “opt-in protesters7”. We exclude the 17 opt-out pro-
testers and the 66 opt-in protesters from the analysis to reduce
biases. See Meyerhoff and Liebe [56] for a general presentation of
protest bidding. We elaborate on the impact of exclusion of protest
respondents in the robustness analysis section 4.3

2.3. Econometric model

The choices, preferences, and WTPs for locating offshore wind
farms at 12, 18 or 50 km from the shore are estimated using
McFadden's Random Utility Model RUM [57]. The utility U indi-
vidual n receives from offshore location choice situation t from
offshorewind farm alternative i is a function of the observable non-
economic attributes x (different distances from shore) and an
economic attribute p. In our case, p is the annual electricity lump
sum tax at the household level. This can be formulated as:

Unit ¼ � anpnit þ qn
0xnit þ εnit [1]

Where the scalar an and the vector qn vary randomly over in-
dividuals. εnit is assumed to be Gumbel distributed. The variance is
individual-specific, Var(εnitÞ ¼ m2nðp2 =6Þ, where mn is the individual
completely certain that you actually are willing to pay the annual costs associated with
the alternative that you choose”.

5 Another term for these respondents is zero protest bidders.
6 These respondents are excluded following the sense, that if I do not know what

too choose, I would normally stick with the SQ-alternative.
7 Another term for these respondents is infinitive protest bidders.



Fig. 1. Study area map of Denmark shown to respondents with the preamble preceding the CE. Black areas represent existing offshore wind power sites. Shaded areas represent
areas proposed for projects, where an existing wind farm is already present. Grey areas represent proposed projects with no existing offshore wind farm sites totalling 3600 MW
potential power capacity.
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scale parameter. To normalise the variance to p2=6, equation [1] is
divided with the scale parameter, without changing the behav-
ioural properties of the model:

Unit ¼ � an=mn pnit þ qn
0
=mnxnit þ εnit=mn [2]

This model is also known as the preference space model [58]
and is rewritten to:

Unit ¼ � gn pnit þ dn
0xnit þ εnit [3]

Where gn ¼ an=mn, dn ¼ qn=mn and the new error term εnit is i.d.d.
extreme value with the constant variance of p2=6.

In the assessment of the external costs of offshore wind power,
we are interested in the ratios between the non-economic attribute
Untj ¼ �gnTAXntj þ ðWTPngnÞD18ntj þ ðWTPngnÞD50ntj þðWTPngnÞASC23ntj
þ ðWTPngnÞD18ntj *Xn þ ðWTPngnÞD50ntj *Xn þðWTPngnÞASC23ntj *Xn þ εntj

[6]
preference estimates and the economic attribute estimates e i.e.
the WTP: WTPn ¼ dn=gn ¼ qn=an: Inserting this into [3] gives

Unit ¼ � gn pnit þ ðWTPngnÞ0xnit þ εnit [4]

Eqn 4 is known as utility in WTP space [59]. Three dummy
variables represent the non-economic attributes in the model. The
variables control for locating the offshore wind farms at different
distances beyond 8 km from the shore. The first variable is an
alternative specific constant coding for alternatives 2 and 3
(ASC23). The other two variables control for locating the wind
farms at 18 km or 50 km from the shore-represented by two
dummy variables D18 and D50. The alternative specific constant
4

now represents the utility/WTP for locating the wind farms at
12 km from the shore, and D18 and D50 represent the utilities/
WTPs for locating the wind farms at 18 km or 50 km relative to
12 km from the shore. The economic attribute is the lumpsum tax
(TAX). This changes [4] into:

Untj ¼ � gnTAXntj þ ðWTPngnÞD18ntj þ ðWTPngnÞD50ntj
þ ðWTPngnÞASC23ntj þ εntj [5]

Eqn 5 is the main effect model. For this paper's purpose, the
model allows WTPD18, WTPD50 and WTPASC23 to vary as a function
of gender, age, education, income, wind turbine viewshed and
beach visits, represented by the vector Xn. Equation [5] now be-
comes
The WTP space model is estimated using maximum simulated
likelihood [58,60,61] with the mixlogitwtp command in STATA
[62]. 2500 halton simulations are used. All three distances (ASC23,
D18, and D50) variables have an individual unobserved randomly
normal distributed utility. The lumpsum tax variable has a
lognormal distribution. The random variables are not allowed to
correlate in the model. From the model in equation [6], three dis-
tanceWTP estimates are obtained for each socio-economic variable
Xn. A WTP for locating the offshore wind farms at 12 km
ððWTPngnÞASC23ntj *XnÞ, at 18 km relative to 12 km
ððWTPngnÞD18ntj *XnÞ and at 50 km relative to 12 km þ
ððWTPngnÞD50ntj *XnÞ.



Fig. 2. Example of choice set.

Table 1
Sample demographics and variable descriptions.

Variable Mean S.D. Coding Abbreviation in models

Female 0.51 0.50 ¼ 1 if female, else ¼ 0 FEM
Age 45.15 16.83 Continuous AGE
Vocational, shorter, medium or longer secondary

Education
0.74 0.16 ¼ 1 if Vocational, short, medium or long term education,

else ¼ 0
EDU_VSML

Household Income >299,999 & <900,000 DKKa/year 0.63 0.48 ¼ 1 if 299,999>Household income<900,000 DKK/year, else¼ 0 HI300_899
Household Income >899,999 DKK/year 0.047 0.21 ¼ 1 if Household income>899,999 DKK/year, else ¼ 0 HI900
Household Income Missing 0.092 0.29 ¼ 1 if Household income missing, else ¼ 0 HI_M
View to Onshore Wind Turbine 0.22 0.42 ¼ 1 if view to onshore wind turbines, else ¼ 0 VIEW_ONWT
View to Offshore Wind Turbine 0.044 0.21 ¼ 1 if view to offshore wind turbines, else ¼ 0 VIEW_OFWT
Visits to the Beach per week all year 0.80 0.84 Continuous V_BEACH
Certainty in choice 3.82 1.18 Continuous Not directly included in the

analysis

Notes: The annual average exchange rates between DKK and V and $US are 745.60 and 566.14 [96].

J. Ladenburg and M. Skotte Energy 241 (2022) 122900
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3. Results

3.1. The sample and spatial representability

Statistics can be drawn from 1,034 postal areas in Denmark. The
sample only contains responses from 174 postal areas, i.e., 16.8% of
all postal areas. Table 1 presents the samplemeans of the individual
characteristics and the definition of the used variables in the sub-
sequent WTP analysis. It has not been possible to obtain national
statistics on the postal area level. Therefore, the individual char-
acteristics are compared to national statistics, covering all 1,034
postal areas. The sample is representative regarding gender. The
average age in the sample is 45 years. Based on the national sta-
tistics and conditional on the age group in the sample (between 16
and 86 years), the average population age is 47 years [63]. It has
only been possible to obtain age-conditional numbers from 2008,
so there might be a small error in the comparative statistics. We use
statistical data on the highest educational attainment among peo-
ple between 20 and 69 years. The share of respondents with a
master's degree, bachelor's degree, a shorter secondary or voca-
tional education is close to the sample average [64]. Respondents
with a master's degree, bachelor's degree, a shorter, secondary, or
vocational education constitute 74% of the sample. This population
share is only 71%. The average household income level in the
sample is app. 464,000 DKK.8 The population average is app.
416,000 DKK [65], a difference of approximately 10%. So, the sample
might not be entirely representative in terms of age, education, and
income. As we will see in the result section, the over- and under-
representation of higher-income households and older re-
spondents, respectively, inflates/deflates the WTPs.

The average number of beach visits per week (winter and
summer) is 0.8. In Ladenburg [66], 32% and 10% visit the beach
more than once per week during the summer and winter, respec-
tively. The statistics are thus not directly comparable. However, the
summer visits seem to align with the number of visits in our study.
That said, the winter visits might be overrepresented in our study.
From their permanent or summer residence, 22% and 4.6% view an
onshore wind farm and an offshore wind farm, respectively. There
are no national data on these numbers. Ladenburg and Dubgaard
[27] and Ladenburg [67] report that 5% and 24% have a view to
offshore wind farms and onshore wind turbines, respectively.
Ladenburg et al. [28] report that 13.5% have a view to one or more
wind turbines. Both studies use Danish national survey data. It is
difficult to determine which numbers are correct. However, it
should be kept in mind that there might be an over-representation
of households with a wind turbine in their viewshed in the present
study. A final reported variable is the certainty in choice. The re-
spondents stated the certainty level in their choices after each of
the six choice sets in the questionnaire. The certainty levels were;
difficult (1), somewhat difficult (2), neither difficult nor easy (3),
somewhat easy (4) and easy (5). The average level of certainty in
choice is 3.8. As we will come back to in the discussion part of the
paper, the certainty in choice is in the high end, compared to other
studies.
9 A higher but insignificant WTP for locating the wind farms at 18 km relative to
3.2. Willingness to pay

Table 2 presents the estimated WTP-space results from a “Main
effect model” (only including the lumpsum tax and distance
8 The household income data is in intervals, making it difficult to account for the
respondents in the highest income category, which is 900,000 DKK or above. In the
average estimation, it is assumed that the average among the respondent with the
highest income is 1,050,000 DKK.
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variables) and a model with the socio-demographic variables,
“Interaction model”. There are two interaction model columns,
Interaction model I and II. The first column presents the estimated
WTP parameters. Recall that the D18 and D50 estimates represent
the WTP for locating the offshore wind farms at 18 and 50 km
relative to 12 km from the shore. In the Interactionmodel II column,
the WTPs for locating the offshore wind at 18 and 50 km are esti-
mated relative to locating the offshore wind farms at 8 km from the
shore. The WTP for locating the offshore wind farms at 18 km and
50 km relative to 8 km for socio-economic group X are
WTPASC_23_XþWTPD18_X and WTPASC_23_XþWTPD50_X.

3.3. Main effects

Before presenting the WTPs, we dwell on the overall choice
structure. Of the 272 respondents, 102 (37%) always choose the SQ
alternative. These respondents thus have WTP lower than 100 DKK
(lowest tax level) for locating the offshore wind farms at 12, 18, or
50 km from the shore. A high share of SQ choices affects the esti-
matedmain effect models meanWTPs. The average respondent has
a negative but insignificant WTP for locating the offshore at 12 km
relative to 8 km (�127.4 DKK). Compared to locating the wind
farms at 12 km, the respondents have significant WTPs for locating
the wind farms at 18 km (134.1 DKK) and 50 km (131.4 DKK). The
WTPs for locating the wind farms at 18 and 50 km from the shore
are not significantly different.9 These WTPs should be seen in the
light that 37% always choose the SQ-alternative. On average, the
respondents thus have weak WTPs for locating wind farms further
from the shore than 8 km10. The bottom part of Table 2 presents the
random WTP parameter estimates. All estimates of the three dis-
tance variables (ASC_23, D18 and D50) are significant and relatively
numerically large. The estimates denote substantial levels of WTP
heterogeneity in the sample. Accordingly, some respondents might
even have a positive WTP for locating the offshore wind farm close
to the shore.

3.4. Interaction effects

The sections below present the significant differences in WTP
between subgroups. The model finds no evidence of gender, edu-
cation and viewshed to onshore wind turbines influence WTP for
locating offshore wind farms at 12, 18 or 50 km from the shore.

3.4.1. Age
There is no significant relationship between age (linear variable)

and offshore wind farms' location at 12 km relative to 8 km.
However, comparable to having the wind farms at 12 km, the older
respondents have a significantly lower WTP of approximately 5.4
DKK/per year of age for locating the offshore wind farms at 18 km
(WTPD18_AGE). The joined WTP estimate is not significant. Relative
to having thewind farms at 8 km from the shore, age does not seem
to be a driver of WTP for locating the wind farms at 12 km or 18 km
from the shore. The WTPs for locating the wind farms at 50 km
relative to 8 km and 18 km are significantly higher among older
respondents. TheWTP increases with 7.0 DKK and 7.7 DKK per year
of age, respectively.

Our results do not denote a uniformly positive association
50 km from the shore is also found in Ladenburg et al. [28].
10 In a model excluding the 102 respondents who always choose the SQ alter-
native, the WTP for locating the offshore wind farms at 12, 18 or 50 km from the
shore is 379 DKK, 547 DKK and 515 DKK, respectively. The model is in Appendix
Table 1. A linear probability model of the propensity to always choose the SQ
alternative is in Appendix Table 2.



Table 2
WTP space main and interaction models.

Main effect model Interaction model Interaction model

WTP WTP I WTP II

Estimated means
ASC23 �127.41

[89.59]
�320.15
[228.08]

D18 134.10*
[53.72]

410.48*
[169.06]

D50 131.44***
[37.51]

�46.02
[129.23]

Tax �5.13***
[0.21]

�5.07***
[0.19]

D18_FEMa �139.74
[83.72]

�100.38
[121.05]

D50_FEMa �70.85
[62.31]

�31.49
[118.30]

ASC23_FEMa 39.36
[125.51]

D18_AGE �5.39*
[2.58]

�0.70
[3.12]

D50_AGE 2.26
[1.88]

6.95*
[3.24]

ASC23_AGE 4.69
[3.31]

D18_EDU_VSMLb 121.47
[97.36]

�176.24
[184.11]

D50_EDU_VSMLb �22.16
[75.22]

�319.87
[196.68]

ASC23_EDU_VSMLb �297.71
[206.01]

D18_HI900c 442.72**
[163.85]

983.04***
[220.31]

D50_HI900c 265.22
[141.64]

805.55***
[225.68]

ASC23_HI900c 540.33**
[208.22]

D18_HI300_899c �151.56
[104.08]

196.47
[164.22]

D50_HI300_899c 68.98
[78.20]

417.02*
[175.25]

ASC23_HI300_899c 348.03*
[175.00]

D18_HI_Mc �249.11
[204.48]

�355.10*
[183.57]

D50_HI_Mc 187.03
[168.57]

81.04
[233.65]

ASC23_HI_Mc �105.99
[221.83]

D18_VIEW_ONWTd �36.75
[95.80]

�158.21
[136.88]

D50_VIEW_ONWTd �13.83
[78.83]

�135.29
[118.52]

ASC23_VIEW_ONWTd �121.45
[135.63]

D18_VIEW_OFWTe �242.35
[231.50]

�882.60***
[231.90]

D50_VIEW_OFWTe �64.29
[171.92]

�704.53***
[201.90]

ASC23_VIEW_OFWTe �640.24**
[197.29]

D18_V_BEACH 121.79*
[49.76]

48.29
[70.87]

D50_V_BEACH 99.20**
[36.14]

29.70
[63.88]

ASC23_V_BEACH �73.50
[67.12]

Estimated Standard Deviations
ASC23 971.73***

[100.36]
913.59***
[92.95]

D18 350.66***
[69.63]

318.72***
[39.59]

D50 170.43**
[52.31]

137.68***
[39.56]

(continued on next page)
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Table 2 (continued )

Main effect model Interaction model Interaction model

WTP WTP I WTP II

Tax 0.91***
[0.20]

0.97***
[0.20]

N_respondents 272 272
N_choices 1.632 1.632
LL (0) �1792.3 �1792.3
LL(b) �942.6 �917.9
McFadden R2 0.474 0.487

Notes: Standard errors in brackets, *p < 0.05, **p < 0.01, ***p < 0.001, reference levels are a) Male, b) Elementary or high school, c) Annual household income level <300.000
DKK, d) No onshore wind turbines in the viewshed e) No offshore wind turbines in the viewshed.
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between WTP and age for all distances as found in Ladenburg and
Dubgaard [27], Ladenburg et al. [28], Westerberg et al. [32]. The
older respondents only have a higher WTP than the younger re-
spondents for locating the wind farms at 50 km from the shore
relative to 8 km and 18 km. It is difficult to explain these differ-
ences, particularly as the present study was carried out only a few
years after by Ladenburg and Dubgaard [27]. One potential expla-
nation can be that Ladenburg and Dubgaard [27] did not specify the
geographical location of the wind farm on amap. Suppose the older
respondents in their sample (above 29 years) weremore concerned
about the location relative to their residence (potential loss in
property value [4,20]). In that case, the higher WTP for locating the
wind farms far from shore could be an option value if the offshore
wind farms are close to the permanent or summer residence.

On the other hand, in Ladenburg et al. [28], the potential loca-
tion of an offshore wind farm is shown on a map. Still, they find
significantly higher WTPs among the older respondents. These
findings call for further research.
3.4.2. Income
In the highest income group (>899,999 DKK/year), the re-

spondents have a 540 DKK higher WTP (WTPASC23_HI900) for
locating the wind farms at 12 km when compared to the re-
spondents with the lowest income level (0e299,999 DKK/year).
Relative to having the wind farms at 12 km, the respondents in the
highest income group have a 443 DKK significantly higherWTPs for
locating the wind farms at 18 km. When the WTPs for locating the
offshore wind farms at 18 km and 50 km (relative to 8 km) are
compared to the same WTPs in the low-income group, the signif-
icant WTP differences are 983 DKK and 805 DKK. The difference in
WTP for locating the wind farms at 18 km (983 DKK) and 50 km
(805 DKK) is not significantly different.

The respondents in the intermediate income group
(300.000e899,999 DKK/year) have a significantly higher WTP of
384 DKK for locating the wind farms at 12 km relative to the lowest
income group (WTPASC23_HI300_899). The WTP estimates for having
offshore wind farms at 18 km and 50 km relative to 12 km from
shore are not significant in the middle-income group. Compared to
the lowest income group, the significant WTP estimate of re-
spondents in the middle-income group for locating the wind farms
50 km (relative to 8 km) is 417 DKK higher.

When comparing the WTPs between the middle- and high-
income groups, a test reveals a significantly higher WTP of 594
DKK for locating the wind farms at 18 km. The respondents in the
highest income group have a significantly higher WTP of 389 DKK
and 787 DKK more for locating the wind farms at 18 km from the
shore relative to 8 km and 12 km from the shore, respectively.
Ladenburg and Dubgaard [27], Ladenburg et al. [28], and Lutzeyer
et al. [31] also find income effects related to WTP for locating
offshore wind farms far from shore.
8

3.4.3. Viewshed
Respondents who can see an offshore wind farm from their

permanent or summer residence have a significantly lower WTP of
701 DKK for locating the offshore wind farms at 12 km, relative to
8 km. Interestingly, even though the estimates for locating the
offshore wind farms at 18 and 50 km relative to 12 km are insig-
nificant, the respondents with an offshore wind farm in the
viewshed have 883 DKK and 705 DKK lower WTP for locating the
wind farms at 18 km and 50 km, relative to 8 km. These viewshed
offshore relations are in sharp contrast to the findings in Ladenburg
and Dubgaard [27]. One possible explanation could be the differ-
ences in the survey setup previously mentioned between this study
and in Ladenburg and Dubgaard [27]. The location of new potential
offshore wind farms was unknown to the respondents in their
study. Our study presented the possible locations of the wind farms
to the respondents on a map. If respondents who presently can see
an offshorewind farm from their permanent residence live far from
the nearest potential location, this could explain the lower WTP. A
third explanation could be differences in residential sorting
mechanisms when the two studies were carried out, though only
two years apart. People who like wind turbines or are not disturbed
by their visual impacts might also have a higher propensity to live
close to a wind turbine or wind farm. Another explanation could be
that the experience that they have gained with offshore wind tur-
bines has made them less sensitive to visual impacts. Ladenburg
et al. [28] potentially find such an association and report a lower
WTP for the location of onshore and offshore wind farms as a
function of the number of turbines (no distinction between
onshore or offshore wind turbines) visible. We elaborate on these
arguments using some of the present survey's background ques-
tions. The respondents stated their perception of offshore wind
farms' visual impacts on the coastal landscape in the survey. The
respondents answered on a “Very negative”, “Negative”, “Neutral”,
“Positive”, and “Very positive” scale. The respondents could also
answer “Do not know”. If the respondents with an offshore wind
farm in the viewshed are less sensitive to the visual impacts, we
would expect to find a more positive perception of the impacts on
the landscape from offshore wind farms. There are only twelve
respondents with a viewshed to an offshore wind farm. Of these,
eleven find the visual impacts to be positive or neutral, which is
equal to approximately 92%. Among the respondents, who do not
have an offshore wind farm in their viewshed, 176 respondents,
equal to 68%, find the visual impacts to be positive or neutral. The
low number of respondents with an offshore wind farm in their
viewshed makes it impossible to carry out valid tests. However, the
perception frequencies support the residential sorting argument.

3.4.4. Beach visits
TheWTP for having the offshore wind farms at 12 km relative to

8 is not significantly influenced by the number of visits to the beach
(linear variable). Compared to locating the wind farms at 12 km
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from the shore, theWTP increases for everyweekly beach visit with
122 DKK and 99 DKK for wind farms at 18 km and 50 km from the
shore, respectively. Consequently, the more often the respondents
visit the beach, the higher is theWTP for locating the wind farms at
18 km and 50 km, relative to 12 km.11

Other papers have also analysed the relation between beach
visits and the preferences/WTP for locating offshore wind farms at
greater distances from the shore. Ladenburg and Dubgaard [29]
find that respondents who often use the beach for recreational
purposes have a higherWTP for locating the offshore wind farms at
50 km relative to 8 km from the shore. Ladenburg et al. [28] find a
positive relationship between distance to the shore and WTP for
locating offshore wind farms further from the shore. The closer the
respondent lives to the nearest shoreline, the higher is their WTP
for locating offshore wind farms far from shore.

4. Discussion

4.1. Policy implications

The following subsections discuss the energy policy implica-
tions of the results.

4.1.1. Age and income effect
As argued in the introduction, the estimated age relations can be

a potential game-changer in the location of offshore wind farms if
the relations have cohort characteristics. Our data is not sufficient
to estimate a cohort-age-period model. If we assume a cohort ef-
fect, then the lower WTP among the younger respondents for
locating the offshore wind farms at 50 km relative to 8 and 18 km
from the shore will keep low as the respondents become older.
Consequently, the populationWTP for locating offshore wind farms
at far distances will decrease as time goes by. The potential cohort
effects should also be seen in the light of the estimated income
effects. Since 2006, the individual income has increased 31% [68]. If
our income and WTP relations persist over time, as supported by
Ladenburg et al. [28], increasing wealth in society will increase the
demand for locating offshore wind farms further from the shore
and increase the costs of offshore wind energy. The income effects
thus draw in the opposite direction of the potential decreasing
cohort WTP effects. Again, it is impossible to disentangle these
effects with our data, but it calls for further research. We have
tested if theWTP interaction between age and income is significant
to obtain some insight. Significant interactions could indicate if the
impact of household income on the WTP is significantly different
between younger or older respondents while controlling for age
and household income in the model. None of the tested WTP in-
teractions between age and the intermediate and high-income
dummy variables are significant. The model is the Appendix
Table 3. Accordingly, we cannot reject that income effects are uni-
form across age groups and that age and income effects pull the
WTP for locating offshore wind farms in different directions.

4.1.2. Beach visits
Coastal recreation is an essential economic sector in most

countries and amounts globally to a many billion $ revenue
[26,69e71]. Furthermore, the recreation and tourist activities in the
coastal zone are increasing [72]. Accordingly, the relation between
beach visits and the WTP for locating offshore wind farms far from
the shore is worth elaborating on. We find that a higher number of
beach visits are related to a lower WTP for locating the wind farms
11 These results are supported by looking at the raw frequencies in Appendix
Fig. 1.
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at 12 km relative to 8 km from the shore, but also a higher WTP for
locating them at 18 and 50 km relative to 12 km. These results are
noteworthy from an energy policy - and recreational point of view
as they pose conflicting interests. On the one hand, coastal recre-
ation yields significant national and local revenues.

On the other hand, if the offshore wind farms are located in
areas with many tourists, the demand for locating offshore wind
farms far from shore is significantly higher. This increases offshore
wind power energy costs in coastal areas with high recreational
intensities. The energy policy's takeaway conclusion is to locate
offshore wind farms in areas with low recreation activities to
minimise the demand for far-shore locations and reduce energy
costs.

4.1.3. Impacts on costs of energy
The choice of location (distance from the shore) is a function of

both the costs and the benefits (WTP) [73,74]. Locating the offshore
wind farms at larger distances from shore will increase the cost of
energy (CoE) [8,10,75]. The discussed variation in WTP between
different socio-economic groups expresses the difference in utility
different groups associate having wind turbines at different dis-
tances. How the politicians use this variation in WTP will directly
impact the offshore CoE. Suppose the politicians put their weight
on the WTP of older respondents, respondents with a household
income level above 299.999 (lower than the national mean) and
respondents visiting the beach frequently. In that case, the CoE will
increase due to the location of the offshore wind farms at larger
distances. In theory, this will impact all household holds in-
dependents on age, income level and beach visit frequency.
Consequently, the individual households will have lower budgets
for other goods.

4.2. Limitations of the study

A limitation of the study is the relatively few respondents in the
data, which raises the question of whether the identified prefer-
ences are representative of the Danish population. Furthermore,
only 174 postal areas of the 1034 postal areas in Denmark are
covered in our sample, which could raise the concern that re-
spondents in other postal areas may have differentWTPs. That said,
the present study's focus is not the absolute WTPs, but WTP het-
erogeneity. We thus argue that even though we do not cover all
geographical areas in Denmark, the estimated differences in WTPs
between subgroups might persist. This calls for further research.

Another limitation of the study is the age of the data, which is
from 2006. It is fair to question if the observed WTP relations still
are relevant and valid. The review of past studies denotes a
knowledge gap; a few studies have thoroughly addressed prefer-
ences/WTP heterogeneity. Concerning the validity, the natural
question arises e do the estimated relations hold today e 15 years
later? This question mainly goes for the marginal decreasing WTP
for locating offshore wind farms further from the shore. In a meta-
analysis, Wen et al. [19] find evidence of significantly marginal
decreasingWTP for locating offshore wind farms far from the shore
across different studies in different years and countries. The dis-
cussion of the age of the data should also be seen in the positive
indications of WTP persistency in the general SP test-retest litera-
ture. A broad range of studies [76e83] tests and discusses results
related to up to 30 years of WTP persistency and stability. Though
the absolute level of WTPmight vary between test periods, the sign
of the WTP continuous variables, like distance, is generally stable.
Accordingly, we would not expect people suddenly to hold positive
preferences and negative WTP locating offshore wind farms far
from shore.

Another limitationworth addressing is the turbine size in the CE
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scenario and the visualisations. The latest installed offshore tur-
bines are much larger than our 5 MW turbines. Larger turbines are
naturally visible from larger distances, potentially increasing the
demand for moving further from the shore. However, we do not
expect this to change the relative preferences between the different
subgroups in our analysis. It calls for further research to test how
respondents trade off the size of the turbine vs the number of
turbines in offshore wind farms (holding the MW capacity fixed) as
done in Ladenburg et al. [28] regarding onshore wind power
development.

The hypothetical nature of the stated preferences and estimated
WTP relations is a final concern. As discussed in the environmental
economics literature, differences between actual and hypothetical
WTP have been found in several studies [54,84e86], driving a po-
tential bias between actual and hypothetical demand. We used a
short version of the CT developed by Cumming and Taylor [54] and
successfully applied in Refs. [55,87] to reduce the hypothetical
bias.12 It is impossible to make specific tests of the bias with the
present data. A significant relationship between income and pref-
erences is a positive indicator that the respondents have made
hypothetical choices based on the content of their valet. [47],
though not always observed in stated preference studies [88,89].
Another way to validate the stated WTPs concerning hypothetical
bias is the respondents' certainty in choice in the CE [90]. Certain
respondents may be less subject to hypothetical bias andmaymake
more consistent choices [91e93]. The respondents stated their level
of certainty in choice after each of the six choice sets in the survey.
The certainty levels were “Difficult” (1), “Somewhat difficult” (2),
“Neither difficult nor easy” (3), “Somewhat easy” (4) and “Easy” (5).
Of the 272 respondents, 9.1%, 7.5%, and 83.5% stated that the choice
task was “Difficult”/“Somewhat difficult”, “Neither difficult nor
easy”, or “Somewhat easy”/“Easy”, respectively. The median value
is “somewhat easy”. This is comparable to a median value of 7 or
higher found in studies using a 10 point scale [91,93] and a median
value of 4 or higher found in studies using a five-point scale [94,95].
Having a high level of certainty in the choices is not a specific test of
whether our data suffer from hypothetical bias. High levels of cer-
tainty also correlate with designs with a low utility balance [96].
However, in the light of the positive correlations between high
levels of certainty and lower levels of hypothetical bias in the
literature, our high level of certainty in choices is a positive indi-
cation of the study's validity.

4.3. Robustness of the model/error analysis

Two robustness models are estimated. The first model only in-
cludes respondents with an average certainty in choice of 4 or
higher. We might thereby obtain less hypothetically biased results
[91e93]. The second model includes the protest respondents. The
models are in Appendix Table 4. Appendix Table 5 presents ana-
lyses of the characteristics of the protest and certain respondents.13

The results in the two models generally correspond with estimated
WTPs Table 2. The relative age difference between locating the
offshore wind farms at 18 compared to 50 km persist in both
models. However, the significance levels shift between the
D18_AGE and D50_AGE variables, though the conclusion is the
same ethe relative difference in WTP for locating wind farms at 18
12 Alternative ways to mitigate potential hypothetical bias could be ex-ante cali-
bration WTPs [97,98] or using an opt-out reminder [99,100].
13 Female respondents and respondents with offshore wind farms in the viewshed
have five percentage points lower probability of being an opt-out protester.
Younger respondents, respondents with a master's degree, bachelor's degree, a
shorter secondary or vocational education and respondents with offshore wind
farms in the viewshed are more certain in their choices.
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and 50 km increases with age. The income -, offshore viewshed -,
and beach visits relations are significant in bothmodels, though the
significance levels vary. The results of the robustness analysis
overall confirm our results.

5. Conclusions

The present paper addresses Willingness to Pay (WTP) hetero-
geneity for locating offshore wind farms at different distances from
the shore. A review of past stated preference (SP) studies reveals
that relatively few studies test for WTP heterogeneity across socio-
demographic groups. Among the studies that do test, few find
significant relations. Danish choice experiment WTP data for
locating offshorewind farms at 8 km,12 km,18 km, and 50 km from
the shore is analysed. The results show substantial WTP differences
between socio-demographic groups. Younger respondents have
lower WTP for locating the offshore wind farms at 50 km, com-
parable to 8 and 18 km from shore. Respondents with an annual
household income level of 900.000 DKK or above have significantly
higher WTPs for locating offshore wind farms at 12, 18, or 50 km
relative to 8 km from the shore, compared to respondents with an
annual household income level of less than 300.000 DKK. Re-
spondents with a yearly household income level of
300.000e899.999 DKK have significant higher WTPs for locating
the wind farms at 12 and 50 km from the shore, compared to re-
spondents with an annual household income level of less than
300.000 DKK. People who have an offshore wind farm in the
viewshed from the house have a significantly lower WTP for
locating offshore wind farms at 12 km from the shore, relative to
8 km. Finally, the beach visit frequency is related to a higher WTP
for locating the offshore wind farms at 18 or 50 km from the shore,
relative to 12 km from the shore. The results have evident policy
implications.
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