Available online at www.sciencedirect.com

ScienceDirect

Energy

Procedia

CrossMark

i S
ELSEVIER Energy Procedia 105 (2017) 3095 — 3100

The 8" International Conference on Applied Energy — ICAE2016

Evaluating the Visual Impact of an Offshore Wind Farm

Nicolas Maslov**, Christophe Claramunt®, Tianzhen Wang®, Tianhao Tang®

“Shanghai Maritime University, Shanghai 201306, China
*Naval Academy Research Institute, Brest 29240, France

Abstract

The objective of this paper is to present a method that qualifies the degree of visibility of an offshore wind farm from
an observer located along the coast. In many cases, the deployment of an offshore wind farm leads to public
opposition. This entails the need for the development of appropriate methods that might present in the most
intelligible way the impacts of an offshore wind farm. Amongst many factors to take into account, the visual impact
of such farms is surely a factor to take into account. We introduce a visual operator that integrates several parameters
that mainly depend on the distance of the wind farm to the coast. We apply a measure that evaluates the horizon
surface impact modulated by the number of distinguishable turbines and an aesthetic index based on turbine
alignments. The whole method is implemented on top of Geographical Information System (GIS) and provides a
decision-aid mechanism oriented to decision-makers. The whole approach is experimented in the context of a wind
farm in North West France.
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1. Introduction

It has been long observed that marine renewable energy could make a significant contribution to
energy production [1], [2]. The technological development of offshore wind turbines has rapidly increased
generating many economic challenges [3], novel approaches for the ocean management [4], as well as
public concerns regarding possible environmental impacts [5], [6], [7].

The management of the maritime and littoral environments generates many conflicting issues due to
rapid development and pressure on these areas. Indeed, any new activity close to the coast might generate
many socio-economic conflicts. Among the principal reasons of social reluctance, the visual impact on the
seascape could entail the successful development of a marine renewable energy project. In fact, seascape
protection has become an important issue in many countries [8]. An appropriate evaluation of the visual
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impact of a wind farm project is one of the first steps to develop for engaging discussions with the general
public and local stakeholders in order to study and even decrease any visual damage that may constitute
the deployment of an offshore wind farm in the seascape.

The objective of the research presented in this paper is to introduce a method that quantifies the visual
impact on the seascape of an offshore wind farm. The problem is not completely new at hand as many
researches have been recently oriented to this issue [9]. However, the main challenge that still arises
comes from the subjective part of problem. One might apply a series of surveys on population samples.
This has been done using photomontages approaches [10], [11] or 3D visualization tools [12]. In this
paper, we introduce a computational method that might be qualified as objective, and it can be considered
as a preliminary process at the design phase of a given project of a wind farm, as well as a complementary
approach to the ones mentioned above.

The technique developed in this paper provides a computational visual impact operator derived from a
series of quantifiable indicators. Several parameters are considered such as the surface covered and the
arrangement of the wind farm as well as its perception from the horizon as perceived from the coast. The
way turbines are potentially perceived and qualified are taken into account and quantified, an aesthetic
factor denotes the visual alignment of the turbines. The whole approach is implemented on top of a GIS
environment that has the advantage of providing appropriate functions for managing, manipulating and
deriving task-oriented operators.

2. Methodology

The methodology developed in this paper is first based on the evaluation the horizon occupation which
mainly depends on the distance of the energy farm to the coast, height of the turbines and farm layout. We
assume that observers are located along the shore line although the method can be applied to different
constraints with some minor adaptations. No obstacles are supposed to alter the farm vision of the
observers. The aim is to estimate the horizon occupation of the wind farm considered as a visual plane
located at one meter of observer. The proposed visual index is based on a notion of horizon occupation
refined by the number of distinguishable turbines and their arrangement considered as an aesthetic index.

2.1. Horizon occupation

Let us consider the wind farm as a whole object of study. The spatial distribution of the wind turbines
is considered as a convex polygon. This polygon constitutes the object whose visual occupation is to be
estimated. The considered area for the horizon surface occupation is the one derived by the polygon
projection on a perpendicular sight direction plan located at one meter of the observer. The sight is
supposed in the direction of the farm center. The apparent height of the turbine is derived from the actual
hub height which a hidden part has been removed due to the Earth curve when the turbines are located
above the horizon distance. The surface occupied by the farm on the horizon is defined by the area
delimited by a convex curve joining the turbine hubs placed at the polygon visible edges.

2.2. Distinguishable turbines

Two reasons for not seeing turbines are often considered, both taken in the case of perfect condition
visibility. The first one is that the turbine dimensions are too small to be perceived at a given distance.
The second one depends on the way which side-by-side turbines can be distinguished according to the
observer point of view and its direction sight. The notion of visual acuity should be also considered. The
angular visibility of the human vision is a parameter which is used to determine if the projection of two
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turbines or more in the same plane can be considered as one (or a group of innumerable turbines). The
results depend on the turbines distance and the tower diameter dimension. The minimum object size that a
person with a normal visual acuity is able to recognize is one arc minute [13]. If the gap between the
turbines is less than the minimal distance needed to differentiate them, then the farthest turbine is not
taken into account. The turbine indicator, 77 is defined as the ratio between the number of distinguishable
turbines and the total number of turbines, 7/=Distinguishable turbines / Total turbines number.

2.3. Aesthetic indicator

The continuity and fractal dimension has been introduced to describe the aesthetic notion of an
offshore farm [14]. Here, the approach is mostly oriented towards regular grid turbines, the number of
turbine arrangements that can be clearly distinguished is taken into account. The aesthetic indicator
implies, according to view angle of the observer, to enumerate the number of turbine arrangements that
can be clearly dissociated (i.e., not overlaid by other turbines alignments in the projection). The turbine
spatial arrangements are composed by the different alignments exhibited by the turbine layout. In a
regular grid configuration observed perpendicularly, these turbines are observed as rows, or as diagonals
in other cases.

The aesthetic parameter (Al) is defined as the ratio between the number of turbine alignments that can
be practically distinguished and the maximal number of alignments that can be theoretically observed,
Al=Alignement,,,,/Alignmentsz,,, . The aesthetic indicator is linearly scaled from 0.5 to 1.5. An optimal
aesthetic arrangement with regular and harmonious turbines arrangements is supposed to reduce the
impact, a visual aesthetic indicator of 0.5 is valued in this best case. On the contrary, a chaotic
distribution is supposed to decrease the visual acceptance, a valuation of the visual impact of 1.5 is
chosen for that worst case.

3. Experimental validation

In order to illustrate the approach we consider the case of an offshore wind farm project located in
Saint-Nazaire in North West France (Fig. 1). The turbine towers of 80 meters high and 4 meters large are
considered. The assessment of the visual impact is carried out for 12 observation points located around

the farm and in the seacoast.
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Fig. 1. Offshore wind farm layout projected in the Saint-Nazaire region

The first step of the approach is to consider the wind farm projection on a plane perpendicular at the
sight direction. Fig. 2 shows the apparent hub height and the turbines arrangement for an observer located
at different locations. The horizon occupation, HO, is defined as the surface below the curve enveloping
the turbine hubs. The second step consists in the evaluation of the distinguishable turbines, turbines that
are too far or too close from other turbines to be distinguished are not taken into account.
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Fig. 2. Visualization of hub height projection for the observation points from 4 to8

Fig. 3 shows the possible turbine alignments that can be observed regarding the St-Nazaire wind farm
layout. Considering the regular grid layout composed by L rows and C columns, the third step is to
identify the different alignments (also diagonals) that can be dissociated. The ratio between the identified
alignments and maximal number of alignments is calculated. The maximal number of alignments is given
by either the maximal number of columns (e.g., 15 as illustrated by Fig. 3), the maximal number of rows
(e.g., 7 as illustrated by Fig. 3) or the maximal number of diagonals (i.e., 16 or 20 as illustrated by Fig. 3)
depending on the observer point of view. In other words a person rather located in the front view is more
likely to perceive the ‘column’ alignment. In the case illustrated by Fig. 3, the maximal number of
alignment is the one given by the number of columns.
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Fig. 3. Wind farm layout and alignments visualization, ‘L’ row alignments, ‘C’ column alignments, ‘diag’ diagonal alignments

The results derived for the different indicators are summarized in Table 1. Details of the aesthetic
indicator estimation are also given in the table and provide information on which turbine alignments can
be discerned.

In particular, it appears that for the observation point 6, the turbine arrangements that can be observed
came from two different types of alignments (diagonal and column). At this point, the maximal number of
arrangements that can be seen theoretically is 15, the observer is then considered in the front area of the
wind farm. At the observation point 1, the number of turbines seen is too low to consider the calculation
of the aesthetic indicator, it is therefore not taken into account in the evaluation of the visual impact. The
visual impact operator is defined as the cross product of the different indicators:

Visual Impact = HO x TI x Al
where HO denotes the horizon occupation, 77, the turbine indicator and 47 the aesthetic indicator
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Table 1. Experimental results for the different indicators

Observation HO Distinguishable Aesthetic Number of Alignments Alignments
points (cm?) turbines (/80) factor (Al) alignments seen affected’ total®
1 0 5 / Details of aesthetic indicator evaluation
2 9.2 77 1.3 4 diag1 1,2,3,4 20
3 2.9 53 1.1 8 diag]1 11to 18 20
4 34 65 0.5 15 C lto 15 15
5 28.7 76 0.83 10 C 6to 15 15
6 73.9 80 0.97 543 diggz ! 112’ N 15
7 444 78 1.06 7 diag2 1to7 16
8 22.5 76 0.94 9 diag2 1t09 16
9 63 7 0.94 9 diag2 | 13’:(‘)’51 . 16
10 37 55 I 8 ding2 300 16
11 1.4 31 1.5 (1) row, column, diagonal numbers that can be distinguished
12 2.9 44 1.5 (2) maximal number of alignments that can be seen theoretically

The results for the offshore wind farm of Saint-Nazaire at the different observation points are
summarized in Fig 4. The figures that appear confirm that the distance of the farm to the observation
point is an important factor in the visual assessment. However, it also appears that the results exhibited
show different aesthetic trends. For instance at the observer point 3, the visual impact is less important
than at the observation point 4 according only to the horizon occupation indicator.

Although variations in the results may come from the way the aesthetic coefficient has been rescaled.
For a better valuation and understanding of this measure, a complementary study that will evaluate how
much the aesthetic indicator influences the visual impact, and therefore the degree of acceptance should
be performed. Indeed, this visual impact estimation method should be integrated as part of a more
complete decision-aid tool oriented to marine renewable energy project planning. It should be used at an
early planning stage to compare the visual impact of several farm projects.
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Fig. 4. Visual impacts of the offshore wind farm
4. Conclusions

The research developed in this paper introduces a computational-based operator for quantifying the
visual assessment of an offshore wind farm. This operator is designed as an intelligible and objective
function, and can be used in several iterations to estimate the visual impact of different farm projects.
This approach also includes a new method for measuring the aesthetic of an offshore wind farm.

The work is preliminary and should be extended to include for instance some additional parameters
such as the real density of population land uses closely related to the observation points as defined by the
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current approach. Accordingly, the seacoast might be segmented into different observation areas. An
aggregation of the different variables identified using a multicriteria analysis is another relevant direction
to explore in order to match as much as possible decision-making processes, and an appropriate level of
subjectivity in the final step of the decision process.
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