energies

Article

Experts versus the Public: Perceptions of Siting Wind Turbines
and Performance Concerns

Neveen Hamza '*, Ruben Paul Borg >*, Liberato Camilleri 3 and Charalampos Baniotopoulos *

Citation: Hamza, N.; Borg, R.P.;
Camilleri, L.; Baniotopoulos, C.
Experts versus the Public:
Perceptions of Siting Wind Turbines
and Performance Concerns.

Energies 2022, 15, 7743.
https://doi.org/10.3390/en15207743

Academic Editor: Davide Astolfi

Received: 12 July 2022
Accepted: 12 October 2022
Published: 19 October 2022

Publisher’s Note: MDPI stays neu-
tral with regard to jurisdictional
claims in published maps and institu-

tional affiliations.

Copyright: © 2022 by the author. Li-
censee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and con-
ditions of the Creative Commons At-
tribution (CC BY) license (https://cre-

ativecommons.org/licenses/by/4.0/).

1 School of Architecture, Planning and Landscape, Newcastle University, Newcastle upon Tyne NE1 7RU, UK
2 Faculty of the Built Environment Malta, University of Malta, MSD 2080 Msida, Malta

3 Faculty of Science, University of Malta, MSD 2080 Msida, Malta

4 School of Engineering, Birmingham University, Birmingham B15 2TT, UK

Correspondence: neveen. hamza@newcastle.ac.uk (N.H.); ruben.p.borg@um.edu.mt (R.P.B.)

Abstract: Experiences of wind turbines (WT) shape public perception and acceptance of the tech-
nology, influencing government policy, deployment, and land-use policies of wind turbines. This
paper attempts to find changes in public perceptions over the last three decades and differences
between experts and the public over different land-use options. A semi-structured questionnaire
that integrates a visual survey of 10 images of WT technology in different urban, landscape and
seascape settings was presented to both groups. The perceptions of siting, proximity, landscape
type, and maturity of urban wind turbines’ technology in renewable energy generation were con-
trasted. The results revealed that both the public and experts alike significantly preferred images of
WT inclusion in seascape and landscape settings and responded negatively to images of WT as an
addition to buildings in urban contexts. Images of wind turbines around transport settings were
ranked in the second set of acceptances, after landscape settings, indicating that closer proximity to
WT is acceptable, but for a short duration. The analysis also highlighted a preference by the public
for aesthetically engaging WT, even if they resulted in lower energy yields, but were less accepted
by the experts who based their judgment on technical performance.

Keywords: wind turbines; siting; expert-public perceptions

1. Introduction

In a global economy, energy consumption is correlated to technological development
and economic progress. There are concerted worldwide government-backed strategies to
curb climate change and air pollution from fossil fuel energy generation and use. The use
of fossil fuels is also related to insecurity of supply, depleting resources, and global mo-
nopolies. To reduce the environmental and socio-economic impacts of using fossil fuels,
governments attempt to implement different energy saving strategies, trial energy saving
technologies, and introduce a mix of alternative sources of energy from renewable energy
generation. Governmental level attempts to curb rising carbon emissions will lead to wind
energy technology development and deployment, playing a significant role in meeting
future energy demand.

Public perceptions of wind energy as a green power technology will be supportive
of the technology if positive environmental impacts outweigh its negatives, which is re-
peatedly communicated to the public through televised documentaries and news articles.
The negative impacts of wind turbines are attributed to concerns over flicker from blades,
noise pollution, visual interference, and negative impacts on land-use policies, wildlife,
and decrease in neighbouring property value [1,2]. However, the short term economic
return on investment in WT, from the energy produced, from the WT must be noted [3].
Wind turbines can be sited close to locally power communities and industries, reducing
network energy losses, carbon dioxide footprints and high-water consumption used in
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fossil energy generation [4]. Based on a comparative study of literature, the Parliamentary
Office of Science and Technology’s UK research indicates that the carbon footprint of wind
farms was low compared to other power generating technologies. The manufacturing pro-
cesses for onshore and offshore WT are similar. The carbon footprint of renewable energy
technologies could be substantially reduced if the production phase uses an alternative
renewable energy supply. As with other renewable technologies, 98% of the total life cycle
CO: emissions are attributed to the use of fossil fuels in the production of the steel mast,
concrete foundations and the epoxy used for blade manufacturing and other lubricants
[5]. Operational emissions arise due to maintenance trips, using vehicles for onshore wind
turbines and helicopters for offshore wind turbines. Negative impacts on marine species
due to exposure to the electromagnetic fields from cables and lubricant spills are also rec-
orded [5]. The life-cycle GHG emission intensity is 0.082 kg COz-equivalent (eq)/megajoule
(M]) for an onshore wind turbine compared to 0.130 kg COz-eq/M]J for an offshore wind
turbine. An offshore wind turbine has greater life-cycle GHG emissions than an onshore
wind turbine, owing to the floating platform installation in a marine environment [6].

The public’s exposure to wind turbine dates back to the invention of the technology
credited to the Hero of Alexandria, Egypt, who was the first to use wind to power a ma-
chine in 1AD [7]. Although the history of using wind turbines in their current form, three
blades or less, dates back to the 1960s; almost fifty years later, the benefit of the technology
is acknowledged and promoted by governments, although it remains controversial in its
public acceptance. Since then, the technology has been developed to use more aerody-
namic blade design and lighter materials to improve its energy generating performance.
According to the Global Wind Energy Council [8], 2020 was the best year in history for
the global wind industry, with a 93 GW increase in capacity, a 53 percent year-on-year
increase, but this growth is not sufficient to ensure the world achieves the net zero goal
by 2050. The world needs to install wind power three times faster over the next decade to
stay on a net zero pathway and avoid the worst impacts of climate change. The global
wind power market has nearly quadrupled in size over the past decade and established
itself as one of the most cost-competitive and resilient power sources across the world.
There is now 743 GW of wind power capacity worldwide, helping to avoid over 1.1 billion
tonnes of CO:z globally, which is equivalent to the annual carbon emissions of South Amer-
ica. The International Energy Agency Report [9] reported that in the EU, seven countries,
including the UK, now meet more than 20% of their electricity demand with wind power,
and eleven countries meet more than 10%. In the EU, 15% of its electricity demand is met
by wind energy, with 14 of the 27 Member States having wind shares above 10%. The
highest share was in Denmark, where 47% of the electricity demand in 2020 was met by
wind energy, followed by Ireland at 36%, Portugal at 25% and Germany at 24%.

Deployment of WT depends on experts successfully communicating to communities,
aspects of WT performance, land-use, and lessons learnt from previous projects. The feed-
back from social engagement and social acceptance reforms energy policy and commu-
nity-supported planning mechanisms, in addition to financial incentivization mecha-
nisms to communities [10]. In the UK, the political support for WT deployment was an-
nounced by Boris Johnson, the Prime Minister of the UK, on the 18th of November 2020,
announcing the government’s vision on reviving the UK economy and pledging to quad-
ruple offshore wind power by 2030, to 40 GW, which would be enough to power every
UK home. Although support for land-based solar farms is the highest in Europe and the
UK, the 50% of the land required to achieve generation goals [11] is substantial if com-
pared to seascapes or land requirements for wind farms where arable land can still be
used for farming.

Surveys in Europe and non-EU countries indicate that more than three-quarters of
respondents in every EU country think wind energy will have a positive effect, with pro-
portions ranging from 99% of respondents in Portugal, 98% in Malta and 97% in Ireland,
to 76% in France and Romania, and 84% in Poland. In 19 countries, at least half of all
respondents think new technologies in wind energy will have a ‘very positive’ effect. The
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majority of non-EU country respondents think wind energy will have a positive effect,
with the largest proportion in Iceland and the UK (96%) and the smallest in Albania (58%)
[12]. The need for a wider deployment of WT to meet energy demand and provide better
diversification of energy sources, may bring about radical changes in society’s technology
perceptions. A negative societal response may be caused by the fact that, while many tech-
nologies deliver benefits to society, they may also introduce new risks. Consequently,
such developments are often shaped by public controversies and concerns [13]. Under-
standing societal changes in the perception of WT helps in forecasting societal and politi-
cal technology support. The earliest behavioural studies on perceptions of WT were influ-
enced by the ‘Not In My Back Yard’ theory (NIBMY), showing that communities, in gen-
eral, supported renewable energy but WT deployment still faced local opposition when
these projects were in real planning or implementation phases [14,15]. Various research
followed to contest the theory, arguing that communities were becoming more familiar
with the benefits and drawbacks of WT technology, adding layers of understanding to the
behavioural dimensions and empowerment of communities in decision-making and de-
veloping a new theory on ‘Please in my Back Yard” ‘PIMBY’ [16]. Elk and Pearson [17]
concluded that the public evaluation differs significantly on preferences regarding the
minimum distance from turbines; ‘old opponents’ would prefer to move turbines further
away, while “young advocates” have no preferences on distances.

Studies show that the interlinked effect of renewable energy policies and incentivi-
sation schemes on perception and public acceptance of the technology are more complex
than the NIMBY label [18-20]. Wustenhagen et al. [21] categorized the influential deter-
minants on the acceptance of renewable energy into three types of social acceptance,
which were broken down into issues of socio-political acceptance, market acceptance, and
community acceptance. This research falls in the latter category, taking on the notion that
both experts and lay people are an integral part of a community-based research.

Although the integration of WT in various geographies tends to be driven by gov-
ernmental policies and local authorities [22-25], public perceptions play a major role in
the deployment of the technology. The technological, distributional, and economic issues
are not usually visible to the public; however, externalities of exposure to wind turbines,
such as shadow flicker, noise, loss of visual amenity to nature and avian mortality, influ-
ence the public experience and opinion, creating a cohort of opponents or advocates. Re-
cent research [26] that analysed the health effects of exposure to wind turbine noise com-
pared to road traffic noise concluded that the effect of wind turbine noise is downgraded
to an ‘annoyance’ rather than a health hazard. Other public perceptions, studied in the
literature, advocate that it is essential to address and minimise the conflict between wind
power generation and nature protection and to address the perception that WT deteriorate
the visual amenity of natural scenery [26,27]. Pasqualetti and Stremke [28] presented a
literature review of a large number of studies conducted over the last 30 years on the im-
pact of renewable energy technology, indicating a possible shift in accepting the change
from ‘natural landscapes’ to ‘energy landscapes’. However, concerns around large terres-
trial wind turbines changing birds flight paths, collisions, and change in bird habitats,
leading to environmental imbalance, remains a concern for the public and in research [29].

Other factors that affect public perceptions are the lack of clear technical guidance,
policies, and financial benefits to the public, which defers influencing public acceptance
of WT to the discourse presented by mass and social media. Inaccurate mass and social
media, can act as a virtual space that may increase exposure to opposition to WT, with a
profound impact on the public discourse and slowing down the deployment of WT in
urban and offshore deployment [30]. However, the general lack of experience of both the
public and regulators regarding appropriate location of WT in urban contexts and the im-
pact of the urban environment’s height and roof-scape on wind flow can lead to lowering
the technology efficacy and affect the public perception of the technology’s performance
[31]. Public and policy makers” acceptance tends to be interchangeable, as the public tend to
be affected by policy decision-making processes and how politicians frame this technology
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[32,33]. Rountree [34] highlighted that politicians, although ideally influenced by expert
opinion, may also be influenced by a utility company’s interests, or powerful interest
groups, which can succeed in swaying politicians’ attitudes towards renewable energy. This
research seeks to find if public perception preferences depart from previous research find-
ings in comparing current acceptance of WT in urban, transport and natural settings.

A growing number of publications examine social and behavioural public acceptance
of wind turbines under the lens of public conditional acceptance of ownership structures,
public participation approaches in decision-making, spatial proximity to the technology,
and perceived loss of cultural and ecosystem value of landscapes where wind turbines are
constructed [35,36].

This research departs from previous publications in its aim to compare the perception
of experts and the public by ranking siting preferences for wind turbines in urban and
landscape/seascape settings, and the salient issues of WT deployment in each setting. Both
groups are influential in shaping and changing societal attitudes towards wind energy
deployment and reflect on governments’ policy to reduce/eliminate dependency on fossil
fuel grid-generated energy.

In this research, we further investigate the influence of education on the perception
of wind turbines, hypothesizing that experts studying or researching renewable energy
will express pronounced awareness and positive attitudes towards promoting WT in dif-
ferent locations.

The technology acceptance model (TAM) [37] highlights “perceptions’ as the crucial
factor that affects the potential growth of technology adoption based on its perceived use-
fulness, and perceived ease of use. Relevant to the acceptance of wind turbines is the ex-
pansion of the model TAM 3 that resulted in the inclusion of the effects of trust in and
perceived risk of system use [38]. Growing up with renewable energy sources also has an
impact on perceptions of renewable energy. Karasmanaki et al. [39], Karatepe and et al.
[40], Zyadin et al. [41] and Ozil et al. [42] looked at groups of undergraduate university
students studying courses focused on renewable energy resources (in Greece, Canada,
Romania, and Turkey) and on school students as young experts and concluded that ‘see-
ing’ the technology leads to higher familiarity and preferences for wind and solar energy
around the world.

To achieve social acceptance of wind energy generation, users must accept that the
nature of energy production is intermittent, with visual and land resource implications
[10,24]. Although public awareness of the technology is related to familiarity with utili-
tarian landscapes, including windmills, and electricity masts, more research is still needed
to understand how, after decades of exposure, wind turbines are valued from a societal
perspective.

This research departs from previous research in adopting a methodology to contrast
experts’ versus the public’s perceptions and siting preferences of wind turbines in urban
and natural settings that vary in proximity and length of exposure to the viewer.

2. Materials and Methods

A major corpus of research utilises questionnaire methods to test public perceptions
of wind turbines [43-47]. More recently, studies that focus on testing the sensitivity of the
viewers’ perceptions and acceptance use imagery, showing how landscapes change before
and after the installations of WT in suburban settings. Wind turbine imagery was pro-
jected in labs to elicit self-reported psychological responses and it was reported that wind
turbines set in natural settings were rated as equally pleasant as churches and more pleas-
antly perceived than other technological installations, such as pylons or nuclear reactors,
but WT were preferred visually in small numbers [48,49].

In urban settings, wind turbine integration in buildings has been implemented in
well publicized architectural iconic buildings (i.e., the Strada in London, World Trade
Centre in Bahrain), However, studies that link public perceptions to wind turbines in
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urban built up areas are still emerging, indicating that the public are more averse and
skeptical of WT deployment and performance [24,50].

However, the focus of previous research reflects the emphasis on capturing the per-
ceptions of members of the community, with less focus on the role of the experts in pro-
moting or demoting the propagation of the technology or on their influence on land use
for renewables in various settings [51]. Experts are members of the society, but their views
influence policy makers and both directly and indirectly impact public opinion.

The research methodology is built on capturing perceptions using a three-stage
methodology.

The first stage was a series of hybrid textual questions and imagery semi-structured
questionnaire to illicit responses to WT siting and ranking of potential concerns related to
the WT performance.

2.1. First Stage: The Expert as a Focus Group

Experts are defined here as follows: “as individuals who are highly educated and are
trusted by the public in making informed decisions concerning siting wind turbines.
These experts are individuals who typically know the knowledge stock that is “character-
istic” or “relevant” for a certain field. S/he has, an overview of a specialist knowledge field
and can offer fundamental problem solutions or can apply these to individual problems
within this area”. This research was carried out under the framework of COST Action
TU1304 WINERCOST (WINd Energy technology Reconsideration to enhance the COn-
cept of Smart ciTies) and addressed the objective of wind energy integration into built
environments (urban and suburban) and natural landscapes. The scientists from 28 coun-
tries researched methods regarding the acceleration of uptake of wind turbines in Euro-
pean communities to overcome technological, structural and societal barriers [52].

The expert perceptions strengthen their judgment of siting wind turbines using tech-
nical information and experiential knowledge.

Characteristics of the experts” opinions included in the survey sample of this research
are as follows:

1- Members of academia and active researchers across Europe (including social scien-
tists and engineers);

2-  Experts from various cultural and regulatory backgrounds, to capture an array of
different perceptions and backgrounds of regulatory frameworks;

3- Experts who have a professional opinion on the technical performance of energy
generation from wind turbines;

4-  Experts who interact with technology diffusion networks through interpersonal com-
munication at various levels, from regulatory authorities, politicians and the media
to education.

This first stage focused on gathering responses from a focus group of experts, using
convenience sampling, to elicit the salient issues around WT deployment [2,53]. An open-
ended questionnaire was sent electronically to 28 experts (23 European and 5 near EU
zone countries) from the WINERCOST project and 41 external experts from their wider
network; 69 valid expert responses in total were received. The electronic textual question-
naire was used to allow the experts to respond in their own time and to allow for an open
data gathering technique that would feed into generating a more detailed second ques-
tionnaire intended for a wider audience. Content analysis was used to extract the salient
issues that affect the deployment of the WT technology.

The first stage asked the experts to provide the following information:

—  Country where they work;

—  Number of years that they have worked as an expert in WT technologies;

—  Areas where they thought WT had a positive contribution to the urban environment;
—  Policies in their respective country that support WT installation;

—  Factors that would adversely affect supporting WT installations.
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The survey results indicated 6 main areas identified by the experts that were to be
extended for exploration in the second stage of the questionnaire (Table 1). The analysis
mainly highlighted issues that affect the proliferation of wind turbines, relating, in partic-
ular, to the interpretation of regulations that affect the location of the technology, and
uncertainties of the effectiveness of the technology in urban locations. The experts also
highlight the importance of social acceptance, and major environmental considerations of
exposure to flicker, noise and safety of proximity to moving blades. Experts” opinion sug-
gests that onshore and offshore wind farms were a more established technology, but the
perceptions of the visual amenity of sea and landscapes may be a concern to the public,
which needed further exploration.

Interestingly, there were indicators to suggest positive social acceptance based on
wider encounters with the technology and with incentivization schemes that support the
phenomena of PIMBYS (Please in My Back Garden).

Table 1. Analysis of the Stage 1: Experts Open-Ended Survey Based on [2] and [52].

Collective Positive Opinion Collective Areas of Concern

Perceptions of negative impacts on property

Reducing bills and contributing to a low value due to visibility and proximity to a

carbon society

WT.
Expert feedback integrated into land-use =~ Uncertainty by experts on how to meet local
policies city and in-country legislation

-Visual impact due to size of WT

-Negative perceptions if WT is seen as an
add on to an existing structure

-Moving parts increases risk of falling ele-
ments and risk of fire when integrated in
buildings

For all WT installations, the scale of installa-
tion may generate noise that is disturbing
for nearby neighbours

-Visually interesting models are available
and a good symbol of commitment to clean
energy production

- Visually more acceptable if perceived
as an integrated design to buildings, or in a
regeneration of derelict industrial sites

-Comparing the same energy production, a
smaller land area is needed for large scale
WT installations compared to PV farms.
-Other activities of farming and breeding
animals can be maintained alongside WT
farms.

2.2. Stage Two: The Expert Survey

The visual survey was then constructed, combining the salient issues raised in Stage
1, and open-source images that were found in Google searches for various urban and
landscape contexts that included wind turbines. The inclusion of images in the question-
naire was to reduce long descriptive and textual questions and provide a visual stimulus.
Visual stimulations clarify meaning and motivate or entrain the respondents to take part
without influencing the responses and increase participation and reduce break-offs [54].
As the contexts differ, so does the background and illumination of the image; we were
concerned this might affect responses, but it seems that this was not the case, as the re-
sponses were not related to the brightness of the image as much as it related to proximity,
or perceived length of exposure to the WT.

The principal focus of research on climate change and energy-related issues has been
largely cognitive and rationalistic, depending on mathematical calculations and analytical
graphs. The importance of public perception on government policies leads to mass media
images being harnessed and woven into texts in a variety of ways to develop narratives
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to test public perceptions on complex and abstract issues about climate change, use of
renewables and the environment. Leiserowitz [55] explains that imagery aids the cogni-
tive processing system, which is rational, analytic, logical and deliberative, encoding re-
ality in abstract terms and triggering a response and engagement from the experiential
processing system in encoding reality through imagery and metaphors. Experiential pro-
cessing is holistic, effective, fast, and intuitive and plays a role in shaping the emotions we
feel about climate change. Epstein (1994) reported the following two types of systems:
“two parallel, interacting modes of information processing: a rational system and an emo-
tionally driven experiential system”. The rational processing system is analytic, logical,
and deliberative and encodes reality in abstract symbols, words, and numbers. In contrast,
the experiential system is intuitive and encodes reality in images, metaphors and narra-
tives linked in associative networks [56]; it is the latter that is pertinent to the analytical
framework of the images provided to the respondents.

More recently, research has offered accounts of how affect and imagery influence the
processes associated with the conceptualisation of ideas, judgement, and choice [49,57,58].
An image can communicate a complex issue more readily than standard alternative com-
munications, specifically when presenting issues related to climate change and technolo-
gies that have an impact on energy use [59]. Communications through visual aids, such
as imagery, improve decision making and communication in collaborative teams that may
include experts and non-experts [60,61].

Spielhofer et al. [49] more recently used electrodermal activity to determine partici-
pants’ physiological and behavioural responses to landscapes with different numbers of
renewable technologies and their preferences to natural and urban landscapes. The visual
stimuli were composed of either a low or high number of wind turbines and photovoltaic
systems in seven different landscape types. Participants were asked to choose their pre-
ferred landscape image from pairs of sequentially presented images, with and without the
technologies, while their electrodermal activity was recorded. The study showed natural
settings with and without wind turbines in Alpine landscapes, recording preferences and
lower levels of arousal when a low and an even lower distribution of wind turbines or pho-
tovoltaics in the landscape was shown. This paper embarks on using affective imagery that
is collated from a Google search on open-source images of renewable energy and from the
authors’ collections of the following three main contexts: (1) wind turbines on buildings, (2)
turbines close to transportation routes and (3) turbines in land and seascape areas.

The same set of images was distributed to the expert and non-expert groups. How-
ever, the two questionnaire groups were conducted in diverse settings. The proposition
to introduce imagery was to support the view that the concepts of mental imagery and
affect can provide a powerful framework for predicting both intended and actual behav-
iour from relatively simple image elicitation techniques and a two-step methodology used
to uncover emotional influences in the process of attitude formation was implemented.

In the first step, the experts formed a focus group to identify the salient issues related
to wind turbines and the respondents were asked to list spontaneous associations and
concerns that came to mind related to wind turbines and rank them in order of importance
to the respondents.

In the second stage, both the public and experts used the questionnaire and the im-
agery to rate these associations on an affective 5-point scale, indicating whether these im-
ages elicited positive or negative feelings [62,63].

The expert group was interviewed in person during the International WINERCOST
conference in Cantanzaro, Italy, on the 21st to 23rd of March 2018 [64], where the images
(Figure 1) were projected on the wall and a physical hard copy, including the same images
and a 5-point Likert scale questionnaire, was handed out. Each photo had an additional
table where respondents could tick the aspects that were of concern to them, and more
than one aspect could be chosen.

The total number of attendees in the session was 96 and 71 valid responses were re-
ceived (response rate of 73.9%). In total, 23 respondents were experts from WINERCOST,
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and 48 respondents were expert scientists, and postgraduates who were researching
methods to enhance the mechanical, electrical performance and positioning of wind tur-
bines in offshore and onshore applications. As the experts themselves are members of the
community and would have a role to play in promoting/demoting the technology accord-
ing to their scientific knowledge, capturing the experts” perceptions of the technology’s
performance, aesthetic appeal, and siting preferences would also indicate a social ac-
ceptance measure.

Photo 4

Photo 5 Photo 6

Photo 7 Photo 3

| Really dislike | Neutra |

Figure 1. Wind turbines displayed in eight different contexts.
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The room dimensions were 10 m x 25 m in depth and the furthest respondent was
about 20 m away from the projection screen. Lighting in the room was set to allow a clear
view of both the images projected and the room surfaces remained constant for the dura-
tion of the experiment. The questionnaire started by the generic question on gender and
years of experience spent researching wind turbines. There were three sets of photos, all
presented with the same size, so each A4 sheet had only two photos sized 110 x 160 mm.
The first set (Photos 1-2) presented wind turbines over buildings, the second set looked
at driving experiences (Photos 3—-6) and the third set presented a landscape and a seascape
(Photos 7-8).

2.3. Stage Three: The Public Survey

Snowball sampling was used to reach out to the public, where the experts, as part of
the network formed in the previous stages, were used as gatekeepers to distribute the
Survey Monkey digital questionnaire to their wider network of university students, col-
leagues, friends and family members. A virtual online tool was used for the public (Survey
Monkey). The first part of the questionnaire was based on textual questions to gather ge-
neric data on respondents, such as gender, age, education level. The electronic survey
platform allows for the presentation of one image (scalable on the screen by viewers), fol-
lowed by a five-point Likert scale, and the four main concerns of moving parts on a build-
ing, creation of sound, creation of light reflection and safety of installation were included
after each image.

3. Analysis

The sample comprised 404 participants (71 experts and 333 individuals from the pub-
lic), which guaranteed a maximum margin of error of 4.88%, assuming a 95% confidence
level.

The following two statements and responses to siting imagery were rated on a 5-
point Likert scale, where 0 corresponds to strongly disagree and 4 to strongly agree:

Statement (1): I think urban wind turbines are a well-developed technology for
use in urban areas.

Statement (2): I would install a wind turbine in my garden.

Since the rating scale has a narrow range, it was deemed more appropriate to display
the mean rating score as a measure of central location, rather than the median. The ad-
vantage of using a mean rating score is that it takes into account all the observations; it is
affected the least by sampling fluctuations, and can be expressed correct to several deci-
mal places. The Mann-Whitney test was used to compare mean rating scores when the
participants were clustered by expertise (public, experts) and gender (female, male), while
the Kruskal-Wallis test was used to compare mean rating scores when the participants
were grouped by age (20-29 years, 30-39 years, 4049 years, 50 years or more), education
level (undergraduate, masters, PhD) and research duration on wind turbines (less than 1
year, 1-5 years, 6-10 years, more than 10 years). In both tests, the mean rating scores
ranged from 0 to 4, where a larger mean rating score indicated higher agreement. The two
tests yield a p-value to identify statistical significance, where a p-value smaller than the
0.05 level of significance indicates that the mean rating scores differ significantly between
the groups.

3.1. Perceptions of Wind Turbines as a Developed Technology

The first question was concerned with contrasting the experts versus the public on
their perception of the degree of WT technology development.

All the mean rating scores, as displayed in Table 2, exceed 2, which indicates that
both the public and experts tend to agree more than disagree that the technology is well-
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developed for use in urban areas. However, these mean rating scores vary marginally
between the two groups, since the p-values exceed the 0.05 level of significance. Moreover,
the standard deviation (Std. Dev.) is a measure of dispersion between the rating scores.
This implies that there was more spread in the rating scores provided by the experts com-
pared to the public.

Table 2. Differences in perceptions on wind turbine technology between experts and public.

Group Sample Size Mean Std. Dev. p-Value

I think urban wind turbines are a well- Public 333 223  1.087
developed technology f in urb 497
af;es oped technology for use in urban Experts - S13 1006 0.49

All the mean rating scores, as displayed in Table 3, exceed 2, which indicate that both
male and female participants tend to agree more than disagree that the technology is well-
developed for use in urban areas, with expert males scoring higher than all other catego-
ries, and experts scoring higher than the public.

Table 3. Differences in perceptions on wind turbines as a developed technology, grouped by gen-
der.

Group Gender  Sample Size Mean Std. Dev. p-Value
. Female 154 2.20 1.069
Public ™ yate 175 2.25 1.075 0841
Female 8 2.63 1.188
Experts 0.465
Male 10 3.00 0.943

For the public, Table 4 shows that younger participants of the public aged 20-29 years
old agree significantly more than their older counterparts that wind turbines are a well-
developed technology, and this is comparable to experts who are more than 50 years old.
This is a promising indicator and concurs with the technology acceptance theories. This
can be attributed to young people being less conservative to change and are more perceptive
to diversifying energy resources towards more environmentally friendly options. The
younger generation has grown to be more accepting to the technology due to higher levels
of visual exposure and media coverage. For the expert group, researchers aged between
30 and 50 years seem to be marginally less convinced with the technology than their elder
professoriate level respondents.

Table 4. Perceptions of the development of wind turbines technology, grouped by age.

Group Age Sample Size Mean Std. Dev. p-Value
20-29 years 149 2.52 0.984
30-39 67 224 1.016

General pub- years

lic 4049 years 67 2.01 1.135 0.000
S0 years or 50 1.62 1.123
more
20-29 years 31 2.19 1.223
30-39 years 14 1.93 1.269

Experts 4049 years 10 1.70 1.252 0.433
20 years or 16 2.44 1.094
more

For the public, Table 5 shows that the participants with a bachelor’s degree agree sig-
nificantly more than their more qualified counterparts with a master’s or PhD that wind
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turbines are a well-developed technology for use in urban areas. This can be attributed to
the culture of ‘research leads to more questions’ that underlies the perception that more re-
search should be carried out to improve the resilience and performance of the technology.

Table 5. Differences in perceptions on wind turbines technology, grouped by level of education.

Group Education Level  Sample Size Mean Std. Dev. p-Value
Undergraduate 135 2.53 0.984

Public Master’s degree 67 2.09 1.125 0.000
PhD 131 1.98 1.102
Undergraduate 3 3.00 1.000

Experts Master’s degree 27 2.15 1.262 0.422
PhD 41 2.05 1.182

Table 6 analyses responses to perceptions of the technology maturity related to the
length of research (experts) or exposure to the technology by reading or working on pro-
jects (public), surprisingly showing that the more mature researchers and public (over 10
years of research) perceived the technology to be less developed than their younger re-
spondents. This might be due to higher expectations of performance. However, differences
in the mean rating scores are not significant, since the p-values exceed the 0.05 level of signifi-
cance.

Table 6. Differences in perceptions on wind turbines technology, grouped by duration of research
work.

Research/Work Related to Sample

.Dev. p-Val
Group Wind Turbines Size Mean Std. Dev. p-Value
Less than 1 year 5 2.80 1.095
1-5 22 1.73 1.202
Public years 0.266
6-10 years 15 1.80 0.941
More than 10 years 8 2.00 1.069
Less than 1 year 13 2.62 1.121
1-5 years 41 2.00 1.225
Experts 0.311
6-10 years 10 2.30 1.059
More than 10 years 7 1.71 1.380

3.2. Willingness to Site the Wind-Turbines in Own Garden

To test the NIMBY theory, Table 7 shows that the experts display a marginally higher
acceptance than the public in installing wind turbines in their garden. This may be at-
tributed to the experts’ expertise and confidence in positioning and managing the per-
ceived drawbacks of noise, and flicker from wind turbines to maximise their performance.
The public are more influenced by mass and social media, where wind turbines in urban
settings have generally received negative publicity. However, the difference in mean rat-
ing scores is not significant, since the p-value exceeds the 0.05 level of significance. There-
fore, there was a need to further disaggregate data by age and level of education.

Table 7. Willingness to install a wind turbine in one’s own garden by experts and general public.

Group Sample Size Mean Std. Dev. p-Value
I would install a wind turbine Public 333 2.05 1.228
in my garden Experts 71 2.35 1.255

0.057
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Table 8 looks at the willingness to site the wind turbines in one’s own garden
grouped by age. It is evident that younger respondents from both groups are more likely
to locate the technology in close proximity if enough space is available for the wind re-
sources and blade movement and if would not annoy their neighbours, indicating that
more exposure to the technology and awareness of the climate crises changes the attitudes
of the younger generation.

Table 8. Willingness to install a wind turbine in one’s own garden, grouped by age.

Group Age Sample Size Mean Std. Dev. p-Value
20-29 years 149 212 1.241
. 30-39 years 67 2.19 1.062
Public 0.192
4049 years 67 1.94 1.336
50 years or more 50 1.76 1.222
20-29 years 31 2.65 1.226
30-39 14 1.79 1.188
Experts years 0.170
4049 years 10 2.10 1.101
50 years or more 16 244 1.365

Table 9 shows that individuals with higher educational levels (PhD) are less willing
to install a wind turbine in close proximity. This can also be related to a higher level of
understanding of the shortcomings of the technology’s performance and higher expecta-
tions.

Table 9. Willingness to install a wind turbine in one’s own garden, grouped by level of education.

Group Education Level = Sample Size Mean Std. Dev. p-Value
Undergraduate 135 2.10 1.217

Public Master’s degree 67 2.09 1.228 0.608
PhD 131 1.96 1.243
Undergraduate 3 2.33 0.577

Experts Master’s degree 27 2.67 1.271 0.250
PhD 41 2.15 1.256

Table 10 shows that male and female participants show similar willingness to install
a wind turbine in their garden, since the mean rating scores are similar and differences
are not significant.

Table 10. Willingness to install a wind turbine in one’s own garden, grouped by gender.

Group Gender Sample Size Mean Std. Dev. p-Value
. Female 154 2.08 1.182
Public 0.864
Male 175 2.01 1.246
Female 8 2.75 1.389
E t 0.928
PEE T Male 10 2.80 0.919

Table 11 shows that the more mature researchers and public (over 10 years of research)
are less willing to site the wind turbines in close proximity, which can imply that this
group are less convinced of the capabilities of the technology. However, differences in the
mean rating scores are not significant.
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Table 11. Willingness to install a wind turbine in one’s own garden, grouped by duration of re-
search.

Group  Researching WT Sample Size Mean Std. Dev.  p-Value
Less than 1 year 5 2.40 1.517
1-5 22 2.23 1.232

Public years 0597
6-10 years 15 1.87 1.356
More than 10 years 8 1.63 1.302
Less than 1 year 13 2.62 1.121
1-5 years 41 2.39 1.339

Experts 0.614
6-10 years 10 2.20 0.919
More than 10 years 7 1.86 1.464

3.3. Statisitical Methods for Rating Responses to Images

The following photos were rated on a 5-point Likert scale, where 0 corresponds to
‘dislike a lot’, 2 corresponds to ‘neither like nor dislike’ and 4 corresponds to ‘like a lot’.
Since the rating scale has a narrow range, it was deemed more appropriate to display the
mean rating score as a measure of central location, rather than the median. The Mann-
Whitney test was used to compare the mean rating scores of each feature in individual
contextual images between two groups of participants (general public and experts). A 0.05
level of significance was used for all tests. This section tests the four salient assessment
variables that emerged from the expert focus group.

3.3.1. Moving Blades in Different Contexts

Table 12 shows that both the public and experts rated the acceptance of wind turbines
in urban contexts placed on buildings as the least favourable in terms of acceptance to
moving blades and a wind turbine as an add-on (Photo 2) was rated the least acceptable,
with those placed on a modern building that is purpose-built being more favourable. In-
terestingly, when comparing the acceptance of a traditional three-blade on the side of the
road to a small turbine that is presented as a more visually intriguing wind turbine (Photo
4) in a parking lot (Photo 5) and central reservation (Photo 6), the acceptance of the more
aesthetically presented designs was higher. This was the reverse with the expert group,
who were less influenced by the aesthetic of the WT, knowing that the energy generation
performance of the larger wind turbine on the side of the road with less surface roughness
and resistance to wind flow is higher, when compared to the locations of the aesthetically
presented turbines. Interestingly, both groups favoured WT integrated near to motorways
or as installations on the central reservation more than all other contexts, which might
point to the acceptance of looking at the moving blades as being linked to the length of
the visual exposure. The general public provided significantly larger mean rating scores
for Photos 5, 6 and 7, compared to the experts.

Table 12. Evaluation of wind turbine blade movement by experts and the public.

Photo Group Mean Std. Deviation p-Value

1 General public 2.58 1.59 0.704
Experts 2.64 1.38

5 General public 1.98 1.70 0.373
Experts 2.16 1.42

3 General public 2.54 1.67 0.429
Experts 2.70 1.07

4 General public 292 1.53 0.076
Experts 2.58 1.23

5 General public 2.96 1.45 0.014
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Experts 2.50 1.16

6 General public 3.18 1.29 0,000
Experts 2.54 1.07

7 General public 2.92 1.48 0.048
Experts 2.56 1.18
G 1 publi 2.92 1.43

g eneral public 0.512
Experts 2.78 1.87

Table 13 shows that the experts express larger mean rating scores for the creation of
sound than the general public. This suggests less concern with sound generation from WT
by the experts. However, the differences in the mean rating scores are significant for Pho-
tos 1 and 2 only. The presented analysis shows that the sound generation was a real con-
cern and negatively affected the perception of the WT in both groups, tending very closely
towards the neutral to dislike levels, with the WT on buildings being the least favoured
on buildings. Interestingly, the acceptance of sounds seemed to be lower on a hilly land-
scape than on transport routes and in car parks, suggesting an emotional attachment and
protective behaviour to the visual aspects of nature on land, but not so for seascapes.

Table 13. Evaluation of creation of sound by experts and the public.

Photo Group Mean Std. Deviation p-Value
General public 0.80 1.30

1 0.000
Experts 1.52 1.37
General public 0.84 1.29

2 0.007
Experts 1.30 1.22
G 1 publi 1.96 1.44

3 eneral public 0102
Experts 2.26 1.01
G i . .

4 eneral public 2.20 1.40 0.942
Experts 2.40 1.06
General public 1.94 1.45

5 0.609
Experts 2.02 1.19
G 1 publi 2.18 1.39

6 eneral public 0173
Experts 242 0.95
G 1 publi 2.00 1.52

7 eneral public 0.685
Experts 2.08 1.24
General public 2.36 1.38

8 0.381
Experts 2.50 1.05

Table 14 indicates that experts’ responses seem to suggest a slightly higher level of
acceptance than the public’s acceptance to ‘flicker’ phenomena, created by light reflections
on the blade when moving. Negative perceptions were again associated with WT on
buildings and in contexts where it might interfere with clarity of vision when driving on
a motorway for both groups (Photos 1-4). However, the mean rating scores for the crea-
tion of light reflections differed significantly between the two groups solely in Photo 3.

Table 14. Evaluation of creation of light reflections by experts and the public.

Photo Group Mean Std. Deviation p-Value

1 General public 1.84 1.58 0.699
Experts 1.92 1.33

5 General public 1.80 1.45 0.979

Experts 1.80 1.27
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3 General public 1.78 1.49 0.006
Experts 2.30 1.15

4 General public 1.88 1.54 0.074
Experts 2.22 1.33

5 General public 2.30 1.45 0.696
Experts 2.36 1.19

6 General public 2.86 1.53 0.450
Experts 2.70 1.40

7 General public 2.44 1.37 0.481
Experts 2.30 1.10
General public 2.64 1.40

8 Experts 2.70 1.02 0726

Table 15 points out that the perceived safety of WT on buildings still scored consid-
erably lower than other contexts. Moreover, the general public provided significantly
lower mean rating scores for the first four photos and marginally lower for the remaining
photos, compared to the experts. This suggests that the experts had more confidence in
the WT fixation and structural stability than the public. The public may link the moving
blades to a higher possibility of failing fixations and structural stability. The only context
where this was observed to be a smaller threat in both groups was the seascape.

Table 15. Evaluation of safety in close proximity to WT by experts and the public.

Photo Group Mean Std. Deviation p-Value
1 General public 1.88 1.54 0.002
Experts 248 1.41
5 General public 1.66 1.58 0.017
Experts 2.14 1.49
G 1 publi 1.68 1.62
3 eneral public 0.000
Experts 2.70 1.36
1 li 1. 1.71
4 General public 90 0.003
Experts 2.60 1.41
5 General public 2.28 1.64 0.233
Experts 2.54 1.26
1 li 2.64 1.51
6 General public 6 5 0,596
Experts 2.74 1.23
1 li 2.94 1.
” General public 9 35 0.678
Experts 3.02 1.11
g General public 2.72 1.56 0,532
Experts 2.84 1.29

3.3.2. Comparative Results of All Acceptances to WT Contextual Concerns

The major limitation of the Mann-Whitney and Kruskal-Wallis tests is that they
solely investigate the relationship between a rating response variable and a categorical
predictor. However, the goal of many research studies is to estimate the collective impact
of all the predictors upon the dependent variable. It is well known that a lone predictor
could be rendered a very important contributor in explaining variations in the responses,
but would be rendered unimportant in the presence of other predictors. In other words,
the suitability of a predictor in a model fit often depends on what other predictors are
included with it.

To address this issue, an ordinal logistic model is fitted to relate the rating responses
(ranging from 0 to 4) to three categorical predictors, including group (public, experts),
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feature (moving parts on a building, creation of sound, creation of light reflections and
safety) and photograph (Photos 1 to 8). Table 16 shows that the parsimonious ordinal lo-
gistic regression model identifies all the main effects and two pairwise interaction effects
as significant.

Table 16. Tests of model effects.

Wald Chi-Square Df p-Value
Photo 334.114 7 <0.001
Group 7.062 1 0.008
Feature 265.866 3 <0.001
Photo x group 52.686 7 <0.001
Feature x group 68.157 3 <0.001

Table 17 shows the parameter estimates and standard errors of the ordinal logistic model.
Moreover, the odds ratios and their corresponding 95% confidence intervals are also dis-
played. An odds ratio gives the change in odds when comparing a category of interest of
a predictor with a reference category. An odds ratio larger than 1 indicates a greater like-
lihood of a higher rating score for the category of interest, compared to the reference cat-
egory, while an odds ratio smaller than 1 indicates a lesser likelihood of achieving this
outcome.

Table 17. Parameter estimates, standard errors, odds ratios and 95% confidence intervals.

B S.E. O.R 95% C.Iof O.R  p-Value
Photo =1 -0.576 0.150 0.562 (0.419-0.754) <0.001
Photo =2 -0.909 0.149 0.403 (0.301-0.540) <0.001
Photo =3 -0.195 0.147 0.823 (0.617-1.098) 0.187
Photo =4 -0.231 0.149 0.794 (0.593-1.063) 0.121
Photo=5 -0.350 0.147 0.705 (0.528-0.940) 0.018
Photo=6 -0.075 0.148 0.928 (0.694-1.240) 0.614
Photo =7 -0.196 0.148 0.822 (0.615-1.099) 0.185
Photo =8 0 .
Group = public -0.232 0.140 0.793 (0.603-1.043) 0.097
Group = experts 0 . .
Feature = moving parts on building 0.159 0.107 1.172 (0.951-1.446) 0.139
Feature = creation of sound -0.692 0.106 0.501 (0.407-0.616) <0.001
Feature = creation of light reflections -0.427 0.107 0.652 (0.529-0.805) <0.001
Feature = safety 0 . .
Photo =1 x group = public -0.586 0.167 0.557 (0.401-0.772) <0.001
Photo =1 x group = experts 0 . .
Photo =2 x group = public -0.508 0.167 0.602 (0.434-0.835) 0.002
Photo =2 x group = experts 0 . .
Photo = 3 x group = public -0.651 0.165 0.522 (0.377-0.721) <0.001
Photo =3 x group = experts 0 . .
Photo = 4 x group = public -0.317 0.167 0.728 (0.525-1.010) 0.057
Photo =4 x group = experts 0 . .
Photo =5 x group = public -0.025 0.165 0.975 (0.706-1.348) 0.879
Photo =5 x group = experts 0 . .
Photo = 6 x group = public 0.160 0.167 1.174 (0.846-1.628) 0.336
Photo = 6 x group = experts 0 . .
Photo =7 x group = public 0.077 0.166 1.080 (0.780-1.495) 0.640
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Photo =7 x group = experts 0
Photo = 8 x group = public 0
Photo = 8 x group = experts 0 . .
Feature = moving parts on building x group = public 0.906 0.120 2.474 (1.956-3.131) <0.001
Feature = moving parts on building x group = experts 0
Feature = creation of sound x group = public 0.121 0.118 1.129 (0.896-1.422) 0.306
Feature = creation of sound x group = experts 0
Feature = creation of light reflections x group = public 0.384 0.119 1.468 (1.163-1.854) 0.001
Feature = creation of light reflections x group = experts 0
Feature = safety x group = public 0
Feature = safety x group = experts 0

Using these odds ratios, one can deduce that on average, the experts and general
public combined rated contexts 1 and 2 significantly lower than the remaining six con-
texts. On average, the experts and general public combined rated the moving parts on
static buildings and safety concerns significantly higher than sound creation and light re-
flection concerns. On average, the general public rated the contexts and features combined
lower than the experts.

Figures 2-5 display the mean rating scores provided by experts and the general pub-
lic for each context and feature combination. Using these graphs and the results of the
ordinal logistic model, one can deduce several interesting contrasts in the evaluations
given by experts and the general public. Regarding the moving parts on static buildings, the
experts rated contexts 1, 2 and 3 higher than the general public, while the general public rated
contexts 4, 5, 6, 7 and 8 higher than the experts. Regarding creation of sound, the experts rated
all eight contexts higher than the general public. Regarding creation of light reflections, the ex-
perts rated contexts 1, 3, 4, 5 and 8 higher than the general public, while the general public rated
contexts 6 and 7 higher than the experts. Regarding safety, the experts rated all eight contexts
higher than the general public.
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O Experts
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Figure 2. Mean rating scores of each context on the acceptance of visual aspects of WT moving
parts.
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Figure 4. Mean rating scores of each context on light reflection.



Energies 2022, 15, 7743 19 of 25
Group
== General Public
30 =« * Experts
) O General Public
O Experts
27
24

Mean Rating score

2.1

Photo

Figure 5. Mean rating scores of each context on safety.

3.3.3. Commutative Analysis of the Eight Contexts by Combining a Cumulative Effect of

the Four Concerns

To rank the eight contexts by highest preference, the mean rating scores provided for
each context were averaged across the four concerns [Figure 6]. The ranking order of the

most preferred context is as follows:
1-  Seascape (Photo 8);

2-  Central reservation with an aesthetically engaging feature (Photo 6);

3- Landscape (Photo 7);

4-  On the side of the motorway (Photo 5);
5-  Metal structure over motorway (Photo 4);

6- Parking area (Photo 3);

7-  Integrated in building design (Photo 1);
8- An add-on to an existing building (Photo 2).

28

26

2.4

2.2

20

Mean Rating score

Photo

Group

=== General Public
== Experts
O General Public
O Experts

Figure 6. Overall mean rating scores provided by experts and the public for each context.
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Table 18 and Figure 6 compare these overall mean rating scores between experts and
the general public for each context (photograph). The experts provided significantly
higher mean rating scores for the first four contexts (Photos 1-4), than the subsequent four
contexts (Photos 5-8).

Table 18. Evaluation of each context by experts and the public.

Photo Group Mean Std. Deviation p-Value
1 General public 1.78 1.63 0.000
Experts 2.14 1.44
1 publi 1. 1.57
5 General public 56 5 0.005
Experts 1.86 1.39
3 General public 2.00 1.59 0.000
Experts 2.50 1.17
4 General public 2.22 1.60 0.027
Experts 2.44 1.27
5 General public 2.36 1.54 0.917
Experts 2.36 1.21
6 General public 2.72 1.48 0926
Experts 2.60 1.17
” General public 2.58 1.48 0.382
Experts 2.50 1.21
8 General public 2.66 1.46 0.580
Experts 2.72 1.35

4. Discussion

In testing the impact of the level of expertise and education on perceptions of the
maturity of wind turbines as a deployable technology between experts and the public, the
analysis indicates no difference between the responses based on gender. Interestingly, the
public survey reveals that those with a lower stage of education and a younger age (the
‘young advocates’) were more supportive of WT as a technology, compared to experts
between 30 and 50 years old. This may be attributed to the longer length of time growing
up with WT encounters, and more acceptance of its technical performance issues, which
reinforces the TAM theory that the more exposure and perception of the usefulness of
renewable technologies for energy generation, the higher the level of technology ac-
ceptance, regardless of level of education. The experts express higher expectations of the
technology and the need for further research to improve its performance.

However, confidence in the maturity and performance of the technology is linked to
education level and the length of researching WTs. The questionnaire analysis reveals that
older experts with a higher level of education had a higher level of confidence in the ma-
turity of WT technology, compared to all categories of the public by age and education.
Experts with 5-10 years of research experience with a PhD had more confidence than their
younger expert counterparts regarding technology maturity.

By comparing the public and experts” perceptions of the locations of WT and their
responses to the perceived aesthetic, sound, flicker, and safety concerns, the following
conclusions were drawn.

The existence of young advocates does not translate to actual WT installations. Alt-
hough the analysis shows that those younger in age in both groups were amenable to
installing WT in their gardens, this acceptance of WT proximity did not translate to ac-
ceptance of WT on new or existing buildings. Concerns of light flicker, safety and noise
scored lower in the mean rating, tending more towards dislike of these aspects in build-
ings with integrated WT by both groups alike. Contrary to our initial expectations, the
mean rating scores provided for the aesthetics of the moving element of the blades were
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highest in most of the photos, leaning towards a liking of this aspect, and lower concern
of the public than the experts. The public scored higher than the experts in their liking of
moving blades on land and seascapes and indicated more acceptance of this aspect on
transportation routes than experts. Expert knowledge of the technical issues resulted in a
higher amenable response to wind turbines integrated in buildings, on structures over a
motorway and close to a motorway (Photos 1-4), indicating that people’s knowledge and
expertise reduces their fears of technical and safety concerns regarding proximity to WT.

However, although building WT integration received the lowest scores of all con-
texts, experts indicate more support for it than the public, which may be attributed to their
knowledge and expertise in optimizing positioning on buildings, and in contexts of higher
terrain roughness, i.e., urban areas, which affects the energy yield. This indicates that fur-
ther research is required to improve the performance, design, and integration of urban
wind turbines. There is a need to publicize positive outcomes to increase public confi-
dence in the technology, as well as the need to undertake appropriate wind availability
mapping of urban contexts for more siting options for installation.

The contexts of WT on buildings, land and seascapes suggest a preference for a dis-
tant encounter. The transportation contexts suggest proximity but a shorter duration of
encounter, and a personal control over the length of encounter due to vehicular move-
ment. Experts and the public differ in their support of smaller wind turbines that are aes-
thetically interesting (Photo 6), but may have less energy generation output. Although
both group responses show that they are ‘liked” more than all the other contexts of build-
ing and transport locations, the marginally lower level of acceptance by experts may be
attributed to their technical knowledge of the smaller energy yield from each unit. How-
ever, the results indicate that intriguing aesthetics of technology may result in higher ac-
ceptance of installations from the public.

This research indicates a consistency in the highest levels of acceptance by both the
public and the experts for positioning WT in offshore wind farms. This concurs with other
research findings in Italy [64], Sweden [65], Chile [66], and in Germany [67]. The analysis
also indicates lower preferences for singular WT than wind farms in grouped installations
in sea/landscapes. The physical and visual distance from WT of these contexts indicates
reduced concern in both groups regarding issues of flicker, blade movement, noise, and
safety. However, perceptions and expectations, of both the public and experts, of the vis-
ual and spatial amenity of these installations may change when governments start to in-
tensify windfarms onshore and offshore, and with the expected increase in wind turbines’
size and scale.

However, the surprising ranking of a transportation context (Photo 6 in Figure 1), as
the second preference for location, which closely followed the seascape WT positioning,
departs from previous findings. Molnarova et al. [68] stated that wind turbines are more
tolerated if the structures are kept away from observation points of transportation infra-
structure and viewpoints. This research points towards a shift in acceptance of both public
and expert acceptance if wind turbines can be developed to be smaller in size, and are a
more aesthetically intriguing technology with an improved energy generation capacity,
life span and material consumption. Acceptance of singular WT in infrastructure settings
is promising in terms of acceptance of their positioning in contexts where the duration of
exposure is limited, but acceptance seems to decrease in transportation contexts where
WT are in close proximity and exposure may be for longer durations, such as parking a
car next toa WT.

Building-integrated wind turbines are the least accepted by both the public and the
experts, and have tended to receive poor publicity that undermines confidence in their
performance and in capital investment. However, experts tend to more readily accept this
form of WT than the public and are markedly less concerned about their safety. Research
on improving the performance and visual amenity of building-integrated WT is emerging.
Studies continue to develop methods to harness the best wind velocities, direction, and
availability in urban environments.
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5. Conclusions

It is important to note the European and UK governments’ efforts to combat climate
change and curb carbon emissions from fossil fuels. The recent war on Ukraine and vari-
ous political events since 1970, which have led to oil supply shocks, necessitate strategic
provisions regarding diversified energy supply to reduce dependence on politically un-
stable economies. It is expected that the coming decades will experience an exponential
growth in green sources of energy and the need for more wind farms and individual wind
turbine installations.

This research contrasted the perceptions of experts versus non-experts in the posi-
tioning of wind energy generation installations in various urban and natural settings. A
composite survey was undertaken, consisting of semi-structured questions and a visual
survey, to collect responses regarding the degree of knowledge, acceptance of proximity,
length of exposure and distance to wind turbines. These perceptions are crucial for plan-
ners and manufacturers in understanding where efforts need to be directed to address
public concerns and improve acceptance of the deployment of wind turbine projects.

An upwards shift in positive perceptions towards WT as a mature technology and in
acceptance of proximity to the technology is demonstrated in the responses of the younger
advocates from the public, as well as from experts who have spent a considerable number
of years researching and improving the technology. Acceptance of wind turbines in sea-
scapes remains the highest, followed closely by contexts of transportation routes. This also
indicates that acceptance of the technology is governed by the choice of exposure time,
where an aesthetic appearance is also appreciated.

Experts and non-experts differ in their perceptions of the dominance of environmen-
tal effects on perceptions of WT, such as noise, safety and flicker.

The least acceptable positioning remains to be in built environments, although the
experts are more amenable to positioning the technology in this context than the public.
Experts prefer to position the WT in locations that prioritize maximum energy yield, and
are less prone than the public to be influenced by the negative publicity that this position-
ing has received in the media.
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