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ABSTRACT
Public protests, which lead to increased administrative and permission procedures, are
amongst the most important obstacles in development of wind energy projects. The
community’s fears of visual and acoustic impacts of new power plants are commonly
recognized as the weakest aspects of public acceptance. To address these issues
Visualisation Dome has been designed to better communicate the economic, political,
spatial, ecological and social benefits of wind power plants and the associated risks to
local communities. The approach combines the experimental and simulation method.
The integrated analysis software tool, which allows assessing the impacts of planed wind
power plants underpins their 360-degree video and audio simulations. The Visualisation
Dome demonstration resulted in 57% of the interviewed participants improving their
opinion of wind power following the experience. Visualisation Dome’s novel approach
for improving procedural justice of wind energy projects development forms innovative,
interactive and streamlined processes, and enables constructive participation of
audiences.

KEYWORDS
Wind energy, Community acceptance, Participation, Visualisation, Auralisation,
Interactive planning, Modelling.

INTRODUCTION
Psychological barriers to Renewable Energy Sources (RES) development is one of
the major causes of limited RES potential in the densely populated European Union.
Lack of information and well-defined participation strategies are preventing sustained
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acceptance at the local level and, in turn, the support of public administration [1]. This
results in local protests, which can delay or even block projects’ development, thereby
having a negative impact on political support for RES, increasing associated risks, and
expected Internal Rates of Return (IRR) on investments [2]. To address these barriers the
Visualisation Dome has been prepared to enhance RES community acceptance.
Existing research addresses benefits and obstacles perceived by local residents in
respect of RES, as well as in the planning process involved, for example the role of
participation [3] or landscape impacts of wind turbines. For example, research provides
evidence that participative processes as well as guidelines for authorities and planners
reduce the transaction costs of projects and increase their success [4-6]. Poorly
established legal procedures can negatively influence local acceptance, and the absence
of action protocols or guidelines can also be difficult for administrative offices and
development companies [7]. Additionally, acceptance is negatively influenced by safety
measures, such as obstruction markings and lightings of offshore turbines [8]. Lack of
community-centric approach [9], with no active community-engagement as a part of
planning processes [10], evokes opposition, as communities feel excluded from decisions
affecting them [11, 12]. Additionally, failure to establish a relationship of trust between
project operators, decision makers and local residents is known to have substantial
adverse effects on the implementation of renewable energy projects [13]. Furthermore,
uncertainties about the impact of wind turbines and transmission lines on human health
foster opposition [14]. In summary, the existing research on community acceptance
offers a better understanding of acceptance factors, though it is limited due to its
predominantly post-factum design and passive role of communities [15]. As a result
broader shifts toward participatory processes can be observed, and they are starting to
become a norm of land use change decision-making [9]. So far acceptance interventions
have not been systematically developed in an interdisciplinary manner, and community
acceptance has not been included in systematic RES potential analyses.
The Visualisation Dome is designed to enhance community acceptance of RES based
on the implementation of best practices using modern communication solutions, and
participatory design. In order to prove this hypothesis, a prototype of the Visualisation
Dome has been built and tested. The majority of participants of the public showing in
September 2014 in Lublin stated that their opinion of wind power plants improved
following their immersion experience in the Dome, with only 5% of the audience stating
the opposite [16].
Challenges and improvement potentials of wind energy acceptance
If one appreciates wind energy, why not have it in the backyard? Well, “In theory
there is no difference between theory and practice. In practice there is” [17]. There is a
difference between general support for wind power, and support for a particular project,
which requires understanding, participation, consideration of costs and benefits, and
sometimes addressing questions about larger social benefit. Once a project is to be
constructed in close proximity of a settlement, it is relatively easy to communicate
potential negative results of such project construction – which tend to be also more
attractive for the press. It is also relatively easy to awaken local population’s emotions of
being marginalised and victimised by larger and potent forces, standing behind the
project’s construction. It is more complicated to address the possible positive impacts,
which requires more sophisticated tools and communication, addressing economics,
population self-esteem, as well as providing realistic visualisations of future impacts. The
last point can also act as a materialisation of the future development within the
imaginations of inhabitants, which can lower fears towards real future developments. The
protests against wind energy gather more media interest, leading to the higher visibility
of negative opinions. This phenomenon can be partially addressed by well-prepared
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communication material. Interesting content can be based on ambient advertisement and
small architecture experiences. Such an approach can also capture the public’s interest,
leading to higher participation of people with neutral and positive approaches towards
wind energy. This can assure more equality in the points of view represented and a wider
range of participants in the decision making process [18]. Improved community
participation is beneficial for the decision legitimization [19]. To fully address the
community perception issue, the notion of fairness needs to be achieved. It is linked to the
concept of justice, in particular procedural and distributive justice. Procedural justice,
which is addressed by the Visualisation Dome, refers to a fair decision making process
that gives all relevant stakeholders an opportunity to participate [20], and be provided
with trustworthy information from trusted sources. In contrast, distributive justice refers
to fair distribution of costs and benefits amongst project stakeholders.
RENEWABLE ENERGY COMMUNITY IMMERSION DOME
Participatory Visualisation Dome (Figure 1) has been designed as a tool for local
institutions to address social fears and myths about the visual and acoustic impact of
RES. Previous research and practical experience provide clear evidence that the impact
of RES on the landscape is an important acceptance factor [21]. Additionally to RES,
potential negative impact on the landscape of powerlines is also perceived [22].
Consequently, it is believed that the well designed, modern and interactive Dome, which
allows communities to participate in the planning process through interactive
visualisation programme based on EnerPol software [23], will result in increased public
acceptance, and media outreach, leading to better political support for RES. The solution
includes several steps, including:
• Wind energy feasibility study using EnerPol software;
• Production and logistics of visualisation and auralisation dome;
• Projection experience.

Figure 1. Visualisation dome exterior

EnerPol software
Analyses of potential RES projects are conducted with EnerPol. EnerPol is a
system-wide, bottom-to-top framework for the assessment of power generation mix,
electricity transmission infrastructure, market performance and the impact of policy. The
EnerPol framework includes a high-resolution database, with more than 200
anthropological, geographical, climatic, regulatory and financial variables; this
framework therefore allows for physical modelling of power generation and electricity
transmission [24]. Due to the scientific approach the choice of locations with high wind
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energy potential development has a neutrality characteristic, which is an important aspect
in the acceptance process.
To define the eligible areas for the installation of the wind parks a series of
optimization steps in terms of economic impact is performed.
The integration of the Visualisation Dome into the EnerPol framework is novel, as the
state of the art GIS mapping in the prior EnerPol framework mainly takes into account
technological, weather and geographic information, whereas the Dome brings in social
and psychological aspects, apart from outcomes from participatory GIS initiatives [25].
Visualisation Dome
Chosen development areas are visualised and auralised in order to allow for the
first-person experience. A Visualisation Dome with a diameter of 9.5 m has already been
developed at ETH Zürich (Figure 1). It is easy to transport and quick to mount with little
manpower and low maintenance costs. The main feature of the Dome is its provision of
an immersive experience. Participants can select the point of view they want to see from
a 360° photorealistic projection of the required facilities and their impact on the current
landscape. The spectators will be free to move inside, observing the surroundings and
experiencing the energy production of the future. The experience will be enhanced by
realistic audio reproduction of the facility sounds, calculated to accurately represent the
specific area, superimposing real-time ambient sounds.
To achieve such an immersive experience that is easy to transport, the Visualization
Dome is equipped with 8 projectors connected to a single high power video server,
capable of full Dome projection. The surround audio system is composed of a 5.1 audio
system hidden behind the projection membrane. Real time visualization capabilities are
obtained through rendering form software supported by a game-engine framework. To
allow mobility, the structure of the tent is composed of a light geodesic steel frame
covered by a pitch-black membrane. A seamless internal projection surface is obtained
by the depressurization of an internally placed second membrane.
Projection experience
The purpose of the Dome is to allow the audience to express their opinions about the
proposed wind turbine locations, allowing the local authorities as well as developers to
take public opinion into account. The solution utilises digital spatial technologies, in
particular Geographic Information Systems (GIS), which are often used for problem
solving and information dissemination, especially by community organisations during
the wind projects public consultation process [26-29]. In the Visualisation Dome,
experience is enriched through:
• Directional sound projection is obtained by speakers located behind the projection
membrane and controlled by the game-engine. It calculates the amount and type
of sound that would be heard from the visualised point of view;
• Ability of interaction is allowed through a large touch screen showing an
interactive interface. The user can freely chose the point of view from a situation
map and decide what wind turbines layout to view, by choosing between different
number of turbines, model and size. In addition to the layout options, the user is
able to select the day of the year and time of the day, visualizing the landscape
with appropriate light and weather conditions obtained from high resolution
weather simulations;
• Surrounding visualization is provided by 8 projectors placed in the centre of the
Dome and connected to a video server specifically designed for the structure
(Figure 2);
• Real-time supportive information, such as produced power, electricity generated
and economic indicators such as IRR and Tax reductions are calculated by the
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system following the user interaction with chosen visualized layouts and
locations. Such information is shown on the Dome entrance door and on the
interactive touch screen;
• The spectators are given a specific questionnaire to be filled out at the end of the
15 minute presentation in order for the researchers to understand the participants’
reactions. The questions are related to both general experience of the surveyed
person and relative acceptance, and to the interactive experience inside the Dome.
The questionnaire is focused on positive and negative influences of the
Visualization Dome experience in relation to wind turbines acceptance.

Figure 2. Visualisation Dome interior

BACKGROUND – PSYCHOLOGICAL ASPECTS
Understanding the local conditions is a prerequisite for developing successful
communication and participation strategies aimed to promote renewable energies. An
energy project will change the landscape to a lower or higher extent, depending on the
investment scale and context. Innovations are connected with uncertainties and risks,
opportunities and benefits, as well as feared negative consequences. Whereas some
people are open to change and ambiguous situations, others mistrust and reject any
transformation. These possible reactions need to be addressed to promote innovation
acceptance. In the case of renewable energy projects the needs and motivations of
different groups have to be matched by the final chosen solutions, as well as by the
accompanying communication and procedural strategies. To provide reliable and valid
communication tools, impact of these tools on the local acceptance has to be assessed.
Professional communication package
Research on community acceptance provides evidence [30] that even a single
persuasive information leaflet addressing particular fears of citizens, identified through
surveys, could increase community acceptance, significantly, by about 13%. One crucial
challenge is to promote the local residents’ involvement. This can be achieved, for
example, by informing residents about experiences of comparable communities and
statements of other citizens. The Visualisation Dome offers an outstanding possibility to
encourage involvement, provide information and allow for participation.
Fostering community participation
Community participation “improves the chances of reaching consensus, makes the
decision making process more transparent, the outcome more valuable and the leading
actors involved more accountable” [31]. Consequently it has been recognised as one of
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the major aspects of local acceptance [32-34], and therefore a special focus is put on
community participation within the Visualisation Dome project. The Dome’s physical
test-bed, utilizing a virtual full immersion environment, has been set up to allow
individuals in a community to interact and possibly adjust the layout of renewable energy
projects and provide feedback. Most importantly, through such a setup, local residents
will be offered the opportunity to participate in the actual planning of the energy project.
More specifically, they will be invited to participate in the final design and location of the
project and will be provided options based on the economic and system optimization
analyses of EnerPol. This setup will assure a democratic process, and meet
recommendations for community participation [35]. Furthermore, people’s participation
in the decision making process tends to mean that they are more likely to accept the
results, as it legitimizes the program and actors involved [36]. It is a part of procedural
fairness, which should assure dignity and self-sufficiency to the individual [37].
Addressing identity
Any renewable energy project, planned in a certain neighbourhood, has an effect on
local identity, and therefore personal identity of individuals [3]. As identity is connected
with strong emotions, it should be carefully addressed. This includes understanding
characteristics and meanings associated with certain places by individuals and social
groups as they affect expectations, priorities and solutions chosen by the community. It
should also mean addressing these issues in the planning process [38]. Assigning
meaning to the neighbourhood “can serve as a powerful way for community
organizations to enhance the legitimacy” [38], it should therefore be addressed in the
wind project acceptance process. According to the place attachment research (e.g.
[39, 40]) this procedure seems to be crucial in creating local acceptance for projects that
influence the landscape. Moreover, being able to address the issue of spatial identity
impacts the agency and authority of institutions involved in the decision making process
[41-44]. Therefore, the design of the Visualization Dome is based on the hypothesis that
through an interactive tool for local institutions, perceptions regarding proposed
renewable energy production technology can be altered and the targeted population can
assess the real advantages and impacts of the proposed project. As the visualizations are
provided within the photorealistic context, people are able to recognize details of the
space they are identified with. The realism of visualization and participation will help
people to feel more considered within the planning process, potentially leading to higher
acceptance levels.
RESULTS
Major concerns related to development of RES for the Polish population are the lack
of transparency of developers, impact on landscape and noise. The Visualization Dome
was built as a tool to address these concerns through better organisation and facilitation
of the wind energy project participative planning process. This tool was further tested in
Lublin, with the scope of realistically presenting wind turbines inside the landscape,
allowing collection of data on influence on acceptance by usage of immersive audio
visual simulations. The device received very positive consent from the local population,
also benefiting in terms of increased understanding and acceptance of wind turbines.
Background: Wind energy in Poland
Participation in community decision-making is a form of civil society activity, which
is often country specific. In the European Union, the Netherlands, with a well-developed
civil society, represents one side of the spectrum, and Poland, with a much less developed
civil society, the other end [45]. In the Netherlands, 55% of citizens belonged to a civil
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society organization in 2007, about 44% have volunteered in the last 10 years, and 72%
participated in mayoral elections [46]. On the other hand, Poland occupies the last
position in the EU in terms of social trust in the political establishment [47], which
translates into community participation levels. In 2011 only 14.8% of Poles belonged to
social organization [48], 5.5% of adults had volunteered in a twelve-month period
measured across 2008/2009 [48], and as little as 47.4% participated in the 2014 local
elections [49].
That status of Polish civil society does not positively influence social support for the
country’s transition to a post-carbon economy. Even though renewable energies enjoy
medium to high acceptance levels (Figure 3), currently the sector is in decline. 84% of the
population stated that their acceptance of wind energy would be positively influenced
through information regarding real impacts of the technology, and 71% see a need for
social consultation [50]. At the same time, the major concerns relate to the possible
negative impact on the surroundings (33.1%) and noise levels (72%) [51].

Figure 3. Acceptance level of RES in Poland

Prototyping and first public showing
To address acceptance and participation issues, the Visualization Dome prototype
was built and further tested in Poland [51]. The prototype was built mostly integrating the
market standard equipment. Calibration and testing inside the Dome have been
conducted at the ETH.
The structure was presented for the first time in Lublin (Poland), during the final
conference for the project “NEO: New Energy for Lubelskie” [17], to present renewable
energy options for the region. The Dome was installed for one week inside the Castle of
Lublin, an important tourist point for the city, which allowed a large number of people to
participate.
Results
During its one-week presentation time, the Dome was presented to up to 100 people
from different age groups. Being a sample of local tourists, their distribution generally
matched the local population demographics.
In terms of appreciation, the audience reacted very positively to the Visualization
Dome. 57% stated that their opinion about Wind Energy positively changed after the
presentation, even if they considered the show to have been too long. The Visualization
Dome can be considered a very attractive possibility to capture the attention of the local
population of the areas selected for wind energy development, opening new possibilities
of dialogue and information to increase acceptance of this technology. In addition, the
survey revealed that up to 92% of the investigated population would like to show the
Visualization Dome in their community.
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The Visualization Dome also allowed for the collection of interesting data about the
population of the Lubelskie Region’s appreciation of and relationship with wind energy.
This data enables the continued evaluation of the impact of wind energy on the
population.
CONCLUSIONS
The Visualisation Dome has been designed and built as a tool to better organises and
facilitate the wind energy project participative planning process. The Dome has been
setup in alliance with participation facilitation methods:
• Through participatory setup it provides an appropriate organizational
structure for participants to express their interests;
• Through well designed information on visual and acoustic impacts of various
solutions, as well as their concrete economic benefits, it increases citizens’
competence;
• As it includes predefined processes and is mobile, meaning it can be
transported to the effected communities, it assures a time-efficient solution;
• Through unusual design and experience creation it provides entertaining
activity, making it interesting for the local population and media;
• Through the presentation setup, as well as seating design it provides a
non-confrontational community environment;
• As it is attractive for all age groups, it provides an entertaining activity, and it
allows for a more neutral group setup by catering to majority of the
population;
• The game-like control design of the Dome provides a user-friendly interface;
• The Dome builds the affected community’s self-esteem by high tech solutions
and highly localized content – addressing identity issues;
• As it shows the future designs in a realistic and encompassing manner, both
visually and with audio experiences of various projects, it provides an answer
to the need of tranquilizing fears about the unknown future.
In practice, the Dome has been designed to provide people an experience of
renewable energy projects within their familiar landscapes, and offer them a dedicated
space to discuss the related issues. But the Dome has to be understood as a potential part
of a larger acceptance process. In the first field test, 57% of the 100 visitors to the
Visualisation Dome in Lublin stated that it had “improved their opinion about wind
energy”. To achieve long-term positive outcomes in terms of local acceptance of wind
energy, the multi-staged engagement process needs to be established and carefully
implemented.
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