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party’s intellectual property, or
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(b) assumes responsibility for any damages or other liability whatsoever (including any
consequential damages, even if Project Coordinator or any representative of a signatory party of the
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Executive summary

Aiming to reduce negative social and environmental impacts and enhance energy production,
sustainable wind energy planning needs to holistically account for social, environmental and technical
dimensions. WENDY applies the holistic framework of energy stewardship which refers to the
responsible and sustainable management of energy resources and the overall reduction of energy
consumption and environmental impact. Stewardship approaches are based on social-technical-
ecological systems (STES) understanding for building relation and connectedness with the development
processes in support of sustainable wind energy development. Within the energy stewardship approach,
the energy landscape concept answers the question of where to build wind energy, referring to the
spatial place energy production has in the biophysical environment. The place specific siting of wind
energy infrastructure will inevitably lead to impacts on the social-ecological landscape values such as
biodiversity and ecosystem services. On the technical-ecological system (TES) environmental design is
the process to evaluate, develop and implement measures to improve the environmental conditions and
user interests while considering energy production. Environmental design mainly answers the question
of how to design, plan and build wind energy infrastructure in a way that environmental and social
impacts can be minimized, and reconciled with energy production. This report describes the applied
activities of WENDY task 5.3. Within this, three methods building on the energy landscape and
environmental design context are applied in the WENDY case study areas. Chapter 2 presents nature
value maps for the case regions. Both biodiversity and ecosystem service maps found an essential basis
for a subsequent life-cycle impact assessment, used in task 5.4 and enables sustainable wind energy
landscape development in the planning processes (D5.5). Chapter 3 summarizes the validation of an
avifauna detection system to avoid bird collisions. This system reflects on the environmental design
aspects, minimizing environmental impact using technical solutions. Finally, chapter 4 shows the effect
of environmental and social constraints on different micro-siting solutions within all the eleven case
study wind farms.
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1. Introduction

In the WENDY project, four case study areas were selected for applying and demonstrating the use of
the methods mainly developed in work package three and throughout other project activities. The case
study areas were (Figure 1), 1) Norway with Hywind Tampen offshore wind farm and Utsira Nord and
Serlige Nordsjg Il offshore wind farm areas, 2) Spain with El Campo, Campoliva | and Il, Primoral and
Motilla onshore wind farms, 3) Italy with Maida and Bagaladi onshore wind farms, and Greece with MEC
onshore wind farm. Thus, in total there were eleven wind farms or wind farm areas in the four case study
areas. The two offshore wind farm areas in Norway and the onshore wind farm in Greece are still under
development, with the offshore sites in early process and the onshore site at a more advanced stage.
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Figure 1. The position of the case study wind farms in the four case study areas, Norway, Spain, Italy and Greece.
The Campoliva I, Campoliva Il and Primoral wind farms are situated close to each other.
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1.1. Objectives

To foster sustainable energy landscape development and environmental design as tow kez aspects of a
holistic wind energy planning and development, we aim for three objectives in the following activities.
First, we will implement the ecosystem service and biodiversity mapping approaches developed by
Kvalnes et al. [1] to four case study areas in Norway, Spain, Italy and Greece. The resulting maps will
provide a basis for calculating spatially explicit life-cycle impact assessments of wind farms and enables
more sustainable energy landscape development. Second, we will validate avifauna detection systems
to get reliable data of the main impacts regarding birds and bats. The validation activity will result in
more knowledge and recommendations regarding the enhancement of environmental design aspects of
wind turbines Finally, mitigation strategies of cost-effective solutions will be proposed to ensure
environmental design by the implementation of micro-siting criteria.

1.2. Relationship with other tasks

The results presented in this report builds on earlier work in the WENDY project and provides the basis
for upcoming work in the project. The work in the first objective implements and applies the work
developed by [1] (WENDY task 3.1) to four case study areas to map biodiversity and ecosystem services.
The resulting maps will be implemented in WENDY task 4.2 to develop a holistic tool for wind farm siting
and used in WENDY task 5.4 to assess the impacts of wind farms on biodiversity and ecosystem services
at the case studies. The second objective builds on [2] and [3] (WENDY task 3.2 & 3.3) where different
avifauna detection systems were evaluated and the choice of a system to implement and test were
made. The final objective takes the conceptual basis in [4] (WENDY task 3.4), where wind
characterization and micro siting criteria were developed. In the following report the environmental and
social parameters and its influence on economic output will be applied to the four case study areas.
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2. Mapping of nature values

Life-cycle impact assessments for species richness of birds, bats and marine mammals, and the supply
of ecosystem services were developed by Kvalnes et al. [1]. These methods are spatially explicit and
require that species richness and ecosystem services are quantified throughout the regions of interest.
In this chapter the estimation of biodiversity and ecosystem services for regions covering the case study
areas are described and the results presented.

2.1. Biodiversity
2.1.1. Methods

The methodology outlined by Kvalnes et al. [1] for mapping species richness for functional groups of
bats, birds and marine mammals was applied to the four case study areas. Species richness was
guantified for countries onshore and offshore it is quantified for each county’s exclusive economic zone
(EEZ). However, to ensure that there were sufficient data available for the analyses and a sufficient range
of environmental conditions we grouped several countries onshore and several EEZs offshore. Species
richness was quantified for the grouped regions and the resulting maps were masked to create maps for
each country. All species of bats were included in a single functional group. Species of birds were
grouped into corvids, gallinaceous birds, gulls, herbivorous songbirds, insectivorous songbirds, non-
passerines, owl, polyphagous songbirds, raptors, seabirds, waders, waterbirds and waterfowl. Marine
mammal species were grouped into baleen whales, toothed whales and seals.

The Norwegian wind farm and wind farm areas were within the Norwegian EEZ and for the analyses the
Norwegian EEZ was included in a grouped region with the Irish, British and Belgian EEZs in the south, the
Norwegian EEZ in the north, the Icelandic EEZ in the east and the Russian EEZ west of 44.7°E and south
of 75.0°N in the west. The wind farms in Spain were included in a grouped region covering Spain,
Portugal, Andorra and Gibraltar. The wind farms in Italy and Greece were included in the same grouped
regions, which covered Malta, Italy, San Marino, Vatican City, Switzerland, Austria, Liechtenstein,
Slovenia, Croatia, Bosnia and Herzegovina, Serbia, Montenegro, North Macedonia, Albania, Bulgaria and
Greece.

2.1.1.1. Species distribution modelling

Mapping species richness for different functional groups of species was done by first estimating the
species distribution of each species. Species distribution models (SDMs) were run for each species in the
region groups using Maxent software (version 3.4.3 [5]) to map relative occurrence probability on a 1x1
km (onshore) or 10x10 km (offshore) raster grid. These models require data on species occurrences and
a set of environmental variables known to be of ecological importance for the species. For bird, bats and
marine mammals, occurrence data was downloaded from the Global Biodiversity Information Facility
(GBIF, gbif.org) and the Ocean Biodiversity Information System (OBIS, obis.org) for the period 2000-
2022. In the analyses, occurrence data with position uncertainty larger than 0.5 km onshore or 5.5 km
offshore were excluded. Potential geographic bias in the occurrence records were accounted for by first
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randomly sampling only one record from each grid cell and then using target-group background when
running the SDMs [6, 7].

The environmental variables in the SDMs differed between onshore and offshore analyses [1]. Onshore
SDMs for birds used annual mean temperature (°C), temperature seasonality (standard deviation x 100),
annual precipitation (mm) and precipitation seasonality (coefficient of variation) downloaded from
World climate variables (worldclim.org [8]). In addition, the SDMs for birds and bats used global land
cover data downloaded from the Copernicus programme (Global dynamic land cover,
land.copernicus.eu/global/products/Ic), elevation (m) downloaded from GEBCO (gebco.net) and
distance to coastline downloaded from NASA EarthDATA
(oceancolor.gsfc.nasa.gov/resources/docs/distfromcoast/). For bats the SDMs in addition included
mean temperature of the warmest and coldest quarter downloaded from World climate variables
(worldclim.org [8]). Offshore SDMs for bird and marine mammals used annual mean sea-surface
temperature (°C), annual mean surface salinity (PSS), annual mean primary productivity (g-m=-day,
carbon in sea water) and annual mean current velocity (m-s*) downloaded from the Bio-ORACLE [9, 10].
In addition, bathymetry and seabed slope were included. Bathymetry data was downloaded from GEBCO
(gebco.net) and seabed slope was calculated from the bathymetry data.

2.1.1.2. Species richness and connectivity

Species richness maps for each functional group was calculated as the cellwise sum of relative
occurrence probability for all species in the group [1]. Connectivity was then estimated using circuit
theory in the Omniscape package (version 0.5.8 [11, 12]). The inverse of species richness maps for each
functional group was used as resistance rasters in the analyses, with source strength set equal to the
species richness. The resulting maps of cumulative current flow for each functional group was
normalized (0,1) and multiplied by the total number of species in the analysis for the functional group
to have maps on the same scale as the species richness maps.

2.1.2. Results
2.1.2.1. Norway

A total of 19 different species of marine mammals were included in the analyses of species richness in
the region covering the Norwegian EEZ. The sample size for the analyses ranged from 3486 for the
harbour seal (Phocoena phocoena) to 40 for the blue whale (Balaenoptera musculus). 15 out of 19
species had a sample size of more than 100 and 9 out of 19 had a sample size of more than 500. The
SDMs for marine mammals had a high performance (mean training AUC = 0.860, 95% CI training AUC =
[0.740, 0.967]). For birds there were a total of 148 species included in the analyses of species richness
for the grouped region covering the Norwegian EEZ. Sample sizes ranged from 8281 for the northern
fulmar (Fulmarus glacialis) to 40 for the roseate tern (Sterna dougallii). 133 out of 148 species had a
sample size of at least 100 and 80 or out 148 species had a sample size larger than 500. The SDMs for
birds generally had a high performance (mean training AUC = 0.892, 95% CI training AUC = [0.683,
0.974]).

The total species richness in the Norwegian EEZ was highest along the coast and along the continental
slope as well as along the slope of the Norwegian trench in the North Sea (Figure 2). This pattern was

not necessarily reflect those of the European Union. Neither the European Union nor the granting authority

- Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do
can be held responsible for them.

Funded by the
European Union



Q

WEND %

WENDY_D5.4 ENERGY LANDSCAPE AND ENVIRONMENTAL DESIGN AT WENDY USE CASES

evident for both marine mammals and birds (Figure 2), but there was a more distinct increase in species
richness towards the coast for birds. A similar pattern for connectivity was observed (Figure 4), with
coastal areas being more important for connectivity of birds than for marine mammals.

Total Marine mammals Birds
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80
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Figure 2. Species richness for marine mammals and birds, as well as the total species richness across these two
groups (total), in the Norwegian EEZ. The colour gradient is transformed to the log (1+species richness) scale to
allow efficient illustration of groups with very different total number of species.

The species richness for different functional groups shows clear differences in the habitat suitability of
the Norwegian EEZ for groups adapted to different habitats (Figure 3). For marine mammals, the species
richness of baleen whales is highest north in the Barents Sea, toothed whales have higher species
richness along the coast and into the Norwegian Sea, and seals are bound to the coastline. For birds,
gulls and seabirds have higher species richness in the open ocean than the other groups that have a
more coastal distribution. Similar differences between functional groups were observed for connectivity
(Figure 5). High connectivity is mostly observed along the coast and especially for functional groups with
a coastal distribution.

not necessarily reflect those of the European Union. Neither the European Union nor the granting authority

- Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do
can be held responsible for them.

Funded by the
European Union



WEND %

WENDY_D5.4 ENERGY LANDSCAPE AND ENVIRONMENTAL DESIGN AT WENDY USE CASES

Baleen whales Toothed whales Seals
75°N A
TO°N A
65°N 1
3 £
60°N - i
55°N A .
Raptors Seabirds
75°N 1
70N+ Species
richness
20.0
65°N 1 10.0
5.0
2.0
k ' ' 0.5
60°N A i
55°N -
Waterbirds Waterfowl
75°N A
T0°N A ;
65°N -
3 £ £
B60°N 1 e : :
———_"
55°N - h r‘}'W r *
10°E 20°E 10°E 20°E

Figure 3. Species richness for functional groups of marine mammals (top row) and birds (rows two and three) in
the Norwegian EEZ. The colour gradient is transformed to the log (1+species richness) scale to allow efficient
illustration of groups with very different total number of species.
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Figure 4. Cumulative current flow (connectivity) for marine mammals and birds, as well as the connectivity across
these two groups (total), in the Norwegian EEZ. The color gradient is transformed to the log(1+connectivity) scale
to allow efficient illustration of groups with very different total number of species.
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Figure 5. Cumulative current flow (connectivity) for functional groups of marine mammals (top row) and birds
(rows two and three) in the Norwegian EEZ. The colour gradient is transformed to the log (1+connectivity) scale
to allow efficient illustration of groups with very different total number of species.
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2.1.2.2. Spain

In total 21 different species of bats were included in the analyses of species richness in the region group
for Spain. Sample sizes were generally high, with a range from 2430 for the common pipistrelle bat
(Pipistrellus pipistrellus) to 166 for the Mehely’s horseshoe bat (Rhinolophus mehelyi). 11 out of 21
species had a sample size larger than 500. The SDMs for bats performed reasonably well (mean training
AUC = 0.735, 95% CI training AUC = [0.637, 0.869]). For birds 299 species were included in the analyses
of species richness in the Spanish region group. Sample sizes were high in the region and ranged from
70 694 for the common blackbird (Turdus merula) to 102 for the sociable lapwing (Vanellus gregarius).
252 out of 299 species had a sample size larger than 500. The SDMs for birds had a high overall
performance for most species (mean training AUC = 0.806, 95% Cl training AUC = [0.619, 0.979]).

The distribution of species richness of bats and birds in Spain showed some patterns, with high species
richness along the coast and in some inland areas, often connected to water bodies, and lower species
richness in mountainous areas (Figure 6). A very similar pattern was observed for connectivity (Figure
7), with few areas of particularly high connectivity overall.
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Figure 6. Species richness for bats and birds, as well as the total species richness across these two groups (total),
in Spain. The colour gradient is transformed to the log (1+species richness) scale to allow efficient illustration of
groups with very different total number of species.

Compared to the total species richness, the species richness of different functional groups varies much
more within Spain (Figure 7). For instance, gulls and seabirds are more commonly found along the coast,
while the highest species richness of waders, waterbirds and waterfowl are found in areas with rivers
and water bodies. The same patters are found in connectivity for the different functional groups (Figure
9), where waders, waterbirds and waterfowl have the clearest distinction between areas which are
important and less important for connectivity.
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Figure 7. Species richness for functional groups of bats and birds in Spain. The colour gradient is transformed to
the log (1+species richness) scale to allow efficient illustration of groups with very different total number of
species.
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Figure 8. Cumulative current flow (connectivity) for bats and birds, as well as the total connectivity across these
two groups (total), in Spain. The colour gradient is transformed to the log (1+connectivity) scale to allow efficient
illustration of groups with very different total number of species.
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Figure 9. Cumulative current flow (connectivity) for functional groups of bats and birds in Spain. The colour
gradient is transformed to the log (1+connectivity) scale to allow efficient illustration of groups with very different
total number of species.
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2.1.2.3. Italy

There were 13 different species of bats included in the analyses of species richness in the region group
for Italy. Sample sizes of bats were sufficient for analyses but only ranged from 152 for the Savi’s
pipistrelle (Hypsugo savii) to 51 for the serotine bat (Eptesicus serotinus). 5 out of 13 species had a
sample size of at least 100. The SDMs for bats had a high performance (mean training AUC = 0.860, 95%
Cl training AUC = [0.799, 0.940]). For bird there were 330 species included in the analyses of species
richness in the region group for Italy. Sample sizes for birds were generally high and ranged from 27 287
for the common buzzard (Buteo buteo) and 100 for the common rosefinch (Carpodacus erythrinus) and
the bar-tailed godwit (Limosa lapponica). 233 out of 330 species had a sample size of 500 or more. The
SDMs for birds in the region group for Italy had a high performance (mean training AUC = 0.832, 95% ClI
training AUC = [0.643, 0.973]).

The distribution of total species richness of bats and birds shows some similarities and distinctions
(Figure 10). Bats have lower species richness in the agricultural areas compared to areas with more
forest. On the contrary, birds have high species richness in agricultural areas and close to rivers, water
bodies and the coast. Connectivity for birds and bats closely follows the pattern in species richness for
the two groups and in total (Figure 12).
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Figure 10. Species richness for bats and birds, as well as the total species richness across these two groups (total),
in Italy. The colour gradient is transformed to the log (1+species richness) scale to allow efficient illustration of
groups with very different total number of species.

Separated into functional groups there are distinct patterns in species richness (Figure 11). Species
richness of bats is generally higher where there are more forested areas, while the species richness of
functional groups such as gulls, waders, waterbirds and waterfowl are high in agricultural areas with
rivers, water bodies and close to the coast. Most functional groups show reduced species richness in the
highest mountain areas in northern Italy, but gallinaceous birds have a higher species richness with
increased elevation above sea level. Connectivity for the functional groups closely follows from the
patterns of species richness (Figure 13).
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Figure 11. Species richness for functional groups of bats and birds in Italy. The colour gradient is transformed to
the log (1+species richness) scale to allow efficient illustration of groups with very different total number of
species.
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Figure 12. Cumulative current flow (connectivity) for bats and birds, as well as the total connectivity across these
two groups (total), in Italy. The colour gradient is transformed to the log (1+connectivity) scale to allow efficient
illustration of groups with very different total number of species.
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Figure 13. Cumulative current flow (connectivity) for functional groups of bats and birds in Italy. The colour
gradient is transformed to the log (1+connectivity) scale to allow efficient illustration of groups with very different
total number of species.
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2.1.2.4. Greece

Greece was in the same region group as Italy and the sample size and performance of SDMs are
described in section 2.1.2.3 Italy.

The total species richness of bats and birds in Greece shows some divergent patterns (Figure 14). The
highest species richness of birds is found along the coast and rivers in the agricultural areas, while for
bats agricultural areas have a lower species richness than areas with more forests. Connectivity shows
similar patterns as the total species richness (Figure 16). However, some narrow isthmuses have
elevated values of connectivity and are of particular importance for connecting areas in the landscape
(Figure 16).
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Figure 14. Species richness for bats and birds, as well as the total species richness across these two groups (total),
in Greece. The colour gradient is transformed to the log (1+species richness) scale to allow efficient illustration of
groups with very different total number of species.

Separating between different functional groups makes it more clear how the habitat suitability of
different groups of species differs (Figure 15). The functional groups which are often found near the
coast or water bodies, such as gulls, waders, waterbirds and waterfowl, have a similar distribution of
species richness. Corvids, raptors, non-passerines and the songbirds have a more widespread
distribution of species richness. Connectivity for the different functional groups shows similar patterns
as species richness (Figure 17). However, as for total species richness there are isthmuses with increased
connectivity values, indicating their importance for connecting different areas.
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Figure 15. Species richness for functional groups of bats and birds in Greece. The colour gradient is transformed
to the log (1+species richness) scale to allow efficient illustration of groups with very different total number of
species.
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Figure 16. Cumulative current flow (connectivity) for bats and birds, as well as the total connectivity across these
two groups (total), in Greece. The colour gradient is transformed to the log (1+connectivity) scale to allow efficient
illustration of groups with very different total number of species.
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Figure 17. Cumulative current flow (connectivity) for functional groups of bats and birds in Greece. The colour
gradient is transformed to the log (1+connectivity) scale to allow efficient illustration of groups with very different
total number of species.
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2.2. Participatory mapping of ecosystem services

2.2.1. Mapping regions

While biodiversity maps have been calculated for whole Europe and the European sea areas, ecosystem
services were mapped in smaller case study regions including only onshore WENDY case study areas.
Since ecosystem services have been mapped using a participatory approach, including local stakeholders
and their local knowledge, these utilitarian nature values could not be extrapolated to larger areas or
whole Europe. In addition, the project group tried to find people that could map ecosystem services in
offshore areas of the North Sea. However, it resulted that stakeholders could not map offshore
ecosystem services. The services are often difficult to spatially explicitly delineate and extrapolation to
larger areas, such as the North Sea might result in maps with too high uncertainty. Thus, only biodiversity
will be used offshore for nature value impact accounting presented in D5.5. Figure 18 and Table 1
provide information about the areas where the participatory mapping of ecosystem services could be
applied.

Figure 18. The three onshore WENDY use case regions of (1) Crete, (2) Calabria and greater Zaragoza area (3).
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Table 1. Areas for participatory mapping of ecosystem services

1) Crete

The Crete region represents the
whole Crete Island and accounts for
8’353 km?. The WENDY case wind
farm Minoan is in the mid-east of the
island.

2) Calabria

The Italian study region covers an
area of 6’709 km? and follows the
administrative boundaries of
“Catanzaro” (ITF63), “Vibo Valentia”
(ITF64) and “Reggio di Calabria”
(ITF65). The region includes the two
WENDY case wind farms San Florio &
Maida area in the northern part and
the Bagaladi farm in the southern
part of Calabria.
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3) Zaragoza area

The Spanish case region covers an
area of 26'142km? and includes parts
of the provinces of “La Rioja” (ES230),
“Navarra” (ES220), “Huesca” (ES241),
“Teruel” (ES242), “Zaragoza” (ES243)
and “Soria” (ES417). The case region
(dashed red line) has been defined by
applying a bounding box of the
WENDY case wind farms of
Campoliva 1&2, ElI Campo and
Primoral area, buffered with
approximately 51km (~0.6 degrees).

2.2.2. Participants

According to the method, outlined in [1], the participatory mapping of ecosystem services (ES) was
applied the three WENDY use case regions onshore and one region offshore. Table 2 shows the number
of participants, recruited by the responsible WENDY partners.

Table 2. Mapping participants per case study region

Mapping area N participants Mapping responsible
Calabria (ITA) EGP

Crete (GRC) MEC

Zaragoza (ESP) CICERO

The participatory mapping procedure took place between the 25.1 and the 20.2.2025. Although local
people could be recruited through the local network of the partners or social media posts, particularly
in Zaragoza and Crete, only limited people were able to map ecosystem services (Table 2). For the
Norwegian offshore cases, several attempts were made through the local network to map ecosystem
services. However, no participants could be found that could map offshore areas.
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2.2.3. Mapping statistics

From a total of 10 onshore ecosystem services, each participant was asked to map a random selection
of N=5 ecosystem services, based on the question as indicated in Table 3. At least two participants per
ecosystem service are necessary to compute an ecosystem service distribution and coefficient of
variation map [1]. Table 3 indicates the number of individual ES maps in green. The red bar shows the
number of times participants were not able to map the ES when they were asked to. The critical value
of two maps is indicated with a dashed line. In all the case regions, most of the maps contain only
responses from two participants which increases the uncertainty of the resulting maps drastically. In
some cases, the ES could not be mapped at all. Consequently, the results show the application and
feasibility of the tool and the value of including local data, but this data should not be used as planning
basis for other projects in the study regions.

Table 3. Number of participants per ecosystem service and case study region

Ecosystem service Question N maps

Wild plant materials for direct
use or processing

Hunting and fishing Where are good places
according to you for hunting and
fishing?

Agricultural food production
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\VETCIEISR (o CEN VMRV [0 [[)eB| \WWhere are good places for
and industrial products extracting materials for heating,
building and industrial products?

Habitat

Erosion prevention Where are good places
according to you to prevent soil
loss due to erosion, or good
places which protect people,
buildings and

Flood prevention

Outdoor activities Where are good places
recreation according to you to perform
outdoor activities and
recreation?
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Sense of place and tradition

Nature aesthetics Where can you best experience
the beauty of natural objects,
processes and phenomena?

2.2.4. Extrapolation of training areas

Each participant that could map areas of high ecosystem service benefits, draw rectangles on a map.
These rectangles are used as training areas to extrapolate ecosystem service values to the whole study
region using environmental variables as described in [1]. Figure 19 shows the relative training area
compared to the whole study area per participant. Particularly participants in Zaragoza mapped smaller
areas on average than in Greece or Italy.
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Figure 18. Mapped training area in relation to total study area per participant

Based on the training areas, a random forest was used to classify the whole study areas into 5 ecosystem
service classes. Cohens Kappa was calculated as a measurement of model agreement between training
and testing samples (30% test, 60% training). While Greece and Italy receive Kappa values mainly above
.6 and thus the model can be interpreted as substantial. Due to less and smaller mapped areas, the
model performance in Spain reaches slightly lower values but can still be interpreted as moderate (Figure
20).
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Figure 19. Model performance, measured with Cohens Kappa

2.2.5. Ecosystem service maps

Based on the individual ecosystem service maps unweighted mean ecosystem service maps have been
calculated for each WENDY case region (Error! Reference source not found. - Error! Reference source
not found.). Similarly to the biodiversity map that accounts for species richness, the ecosystem service
maps account for the richness and values of areas to serve ecosystem services and thus significantly
contribute to human well-being. Additionally, for each study region, a mean ecosystem service map has
been computed considering all mapped ecosystem services. The maps show min-max normalized values;
thus, areas are just comparable within study regions. These average maps will be used in the spatial
WENDY toolbox to filter areas of high utilitarian nature values in the scoping process for wind energy
development.
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2.2.5.1. Zaragoza

In the Spanish case region of Zaragoza, the city centre of Zaragoza provides high ecosystem service
values (Figure 21), mainly due to recreational, aesthetic or cultural values of the City. In addition, the
Ebro valley serves with flood prevention values, while the northern parts are good for collecting nature
products or recreational activities (Figure 22).

Figure 20 Normalized mean ecosystem service benefits Zaragoza

Erosion prevention Aesthetics Agricultural

Flood prevention Habitat Material
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Recreation Sense op place and traditions  Collection wild plants

Figure 21 Individual mean ecosystem service values for Zaragoza, based on individual participants

2.2.5.2. Crete

In the western, northern and south-eastern parts of Crete, high ecosystem service benefits are expected
based on the participatory mapping (Figure 23). Hunting and fishing possibilities, recreational areas and
potential good habitats for species contribute to an overall high mean ecosystem service value of these
areas (Figure 24).
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Figure 22 Normalized mean ecosystem service benefits Crete
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Figure 23 Individual mean ecosystem service values for Crete, based on individual participants
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2.2.5.3. Calabria

Particularly the southern part of Calabria shows high ecosystem service benefits (Figure 25), mainly due
to recreational and aesthetic values (Figure 26).

Figure 24 Normalized mean ecosystem service values of Calabria

Erosion prevention Aesthetics Agricultural

Flood prevention Habitat Hunting
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Recreation Sense of place and traditions Collection wild plants

Figure 25 Individual mean ecosystem service values for Calabria, based on individual participants

2.3. Conclusion

Spatially explicit data on biodiversity is necessary to be able to take into account the ecological impacts
of the development of wind farms at an early stage. Here we have presented maps of species richness
for birds, bats and marine mammals which can be used for this purpose. However, building such maps
requires good data on species occurrence and knowledge of what ecological factors that determines
species occurrence. Especially the former can be challenging to obtain. Here we have used openly
available data in the GBIF and OBIS data repositories. Much of the data in these repositories are citizens
science data and are collected on an opportunistic basis. This may cause severe geographic bias in the
data collection [13] which we have accounted for by using selective sampling and target-group
background in the SDMs. However, for some regions such as the area from Italy to Greece data
availability was scarce, especially for bats. This may increase the uncertainty in the estimated SDMs,
even if the model performance statistics used indicated that the models performed well. The biodiversity
maps are not intended to replace a thorough local environmental assessment but should serve the
purpose of including potential impacts on biodiversity at an early stage in the planning process for new
wind farms to avoid the areas where the most severe impacts are expected.
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Participatory approaches to map ecosystem services have the benefit that local knowledge, norms and
values are considered and in the wind farm planning process. Both, the question of where to site wind
energy (energy landscape) and the question of how to plan wind energy infrastructure (environmental
design) are supported through the participatory mapping of ecosystem services. For the energy
landscape aspect, both, the biodiversity and the ecosystem service data provide detailed and spatially
explicit information about intrinsic and utilitarian nature values. Thus, the planning of new wind energy
facilities can be steered towards siting solutions with less impacts on ecological values and finally leading
to more nature-based solutions. The inclusion of local people in the production of relevant planning and
siting data, changes the environmental design process by considering socio-ecological aspects. A strong
participation of local people might lead to enhanced acceptance of wind energy planning solutions,
however, participatory mapping of ecosystem services is time and resource consuming. Firstly, an
understandable system must be developed to ask participants specifically for spatial information. Such
systems are not widely used yet and need to be customized according to the study needs. Second,
searching for relevant stakeholders that can and are willing to map ecosystem services is crucial and
often only few people can be motivated. Offshore areas are even harder for people to spatially explicitly
delineate areas of high ecosystem service benefits. Here, a clear engagement strategy needs to be
developed to reach as many stakeholders as possible to produce more reliable maps. In WENDY task 5.4,
WENDY deliverable 5.5 will describe the life-cycle based impact analysis based on the ecosystem service
and biodiversity distribution maps which are presented here.
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3. Avifauna detection systems

Wind energy is growing worldwide and is one of the most efficient solutions for reducing emissions in
the power sector. However, the development of wind energy facilities is not without risks, particularly
in relation to biodiversity. One of the most significant environmental impacts of wind energy is the
collision of birds and bats with wind turbines.
In the technical Work Package 3 of the Wendy project, under Task 3.3, a state-of-the-art study on
mitigation options was conducted, exploring innovative technological solutions to mitigate these
impacts. This study was documented in the release of [3] [3]consists of a handbook that provides an
overview of ‘state-of-the-art” monitoring systems and viable technological solutions that are currently
available and/or in development. These solutions can be integrated into monitoring programs and
protection systems designed to avoid or minimize potential fatalities of birds and bats in wind farms.
As reported in the Handbook, bird and bat detection systems operating in wind farms rely on different
technologies. For bird detection, camera systems are predominantly used, but radar and acoustic
systems, as well as microphones, GPS, and LiDAR technology, are also employed. Radar and camera
systems can be combined for enhanced detection. The combination of detection and classification of
flying objects forms the basis for data collection and decision-making, which aims to reduce the risk of
collisions. The primary responses to detected risks are deterrence (using acoustic, visual, or
electromagnetic methods) and turbine regulation (such as shutting down or slowing the rotation speed
of the turbine).
Most of these technologies are designed to improve the understanding of flight behavior at various
scales (micro, meso, and macro) or to implement mitigating actions to avoid or minimize collisions.
Although many operators, authorities, and environmental organizations have high hopes for these
systems, there is still some skepticism regarding their long-term effectiveness, mainly due to concerns
about missing data. It should be emphasized, however, that in general, zero-risk solutions are not
achievable. Few evaluations and studies on the efficiency of these systems are available in the literature,
and those that exist are often conducted by the system providers themselves or by government agencies
or NGOs. As a result, drawing clear and precise conclusions about the performance of the various
systems on the market is difficult.
In Work Package 5, under Task 5.3 (Implementation of environmental impact models and environmental
design options), an experimental benchmark was established to evaluate innovative solutions for
automatically and in real-time detecting wild birds, with the ability to implement various strategies to
avoid bird collisions with wind turbines (WTGs). The objective of the study is to assess the performance
of the selected systems in terms of their ability to detect and classify birds potentially at risk of collision
and to trigger an appropriate reaction in a timely manner.
The solutions tested in this benchmark were selected from those listed in the handbook. Specifically, six
different systems based on camera technology were chosen, with the following main requirements:

- Automatic detection systems

- Easy installation on existing turbines from different technological providers

- Lower cost compared to more expensive solutions, such as radar systems, available on the

market.
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3.1. Testsites

The six selected systems were tested in different wind farms in Spain, located in the province of Zaragoza
and the province of Cuenca (Figure 27). These wind farms are equipped with Acciona, Nordex, Siemens
Gamesa and Vestas wind turbines of power from 3 MW to 5 MW.

All the test areas are in agricultural areas and the flora and fauna are characteristic of the Mediterranean
environment. Figure 28 and Figure 29 provides an illustration of both places. The main classes of birds
present in the study areas are raptors, sea and water birds, small birds. In addition, wildlife includes
species such as rabbits, hares.

Figure 26 Test areas in Spain: Zaragoza and Cuenca province
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Figure 27 Wind farm in the province of Zaragoza (Spain)

Figure 28 Wind farm in the province of Cuenca (Spain)

3.2. Tested systems

The benchmark was conducted by selecting six avifauna protection systems based on daylight camera
technology, four of which were monoscopic (2D) and two stereoscopic (3D).

In the 2D cameras, the visual output is monoscopic, and detection and classification are achieved by
analyzing pixel variations in the recorded images. The system classifies the detected object in real-time
based on its size and/or variations in image size and position, determining whether the object is relevant
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or not. Artificial intelligence algorithms or manually programmed algorithms are used for this purpose.
This technology can identify birds at risk of collision up to a few hundred meters away [14]

The 3D systems are stereoscopic, allowing for a more accurate assessment of the distance of the
detected object. These systems use the trajectory of the object rather than the monoscopic optical
systems. The direction of the target is determined by the trajectory, providing a more precise analysis
of the risk of collision. These 3D systems can detect objects up to approximately 1 km under ideal
conditions [15]

Both types of automatic detection systems are based on the same principles. They aim to detect
individual birds at risk of collision within a defined area around the wind turbine, generally a sphere-
shaped area with the rotor at its center. The radius of the risk sphere typically depends on the target
bird species, as the time needed for a bird to reach the wind turbine depends on its flight speed [4]. This
radius also depends on the wind turbine characteristics (mainly size), which influence the shutdown
time. When an object considered to be a bird of interest enters the risk sphere, the systems trigger a
reaction.

All six systems are characterized by a modular architecture composed of independent Detection,
Deterrence, and Shutdown modules. The detection modules provide full 360° coverage around the wind
turbine and are installed 10 meters above the turbine tower.

The two 3D systems tested allow for the estimation of the distance to the system and can autonomously
perform various actions depending on the bird's distance and flight path. One of these systems features
Ultra HD cameras with 12 MP resolution and a focal distance of 6 mm. It distinguishes between two bird
size classes (small and large) and includes a deterrence module with acoustic signals, like all the other
systems tested. Additionally, it incorporates visual signals (warning lights), which are always installed
alongside the detection module. The other 3D system uses Ultra HD cameras with 8 MP resolution and
a focal distance of 8 mm. It does not distinguish between bird size classes and only has an acoustic alarm
installed next to the detection module.

The four 2D systems tested all have an acoustic deterrence system installed next to the detection
module, and three of these systems also feature a 360° acoustic warning module installed on the nacelle
to reach greater distances. The systems differ in the characteristics of the installed cameras, including
Ultra HD (12 MP), Super HD (4 MP), and two Full HD (2 MP) systems. None of these systems distinguishes
between bird size classes or recognizes species.

The operational principles of the six systems tested are the same, forming a mitigation chain (Figure 30):
Detection phase: The system is installed on the turbine tower and detects approaching birds from up to
600 meters, depending on the camera’s capabilities.

Acoustic Deterrence: When a detected bird enters the risk area (set at 300 meters from the turbine in
our tests), an acoustic alarm (and visual alarm) is activated to scare the bird away and drive it away from
the turbine.

Turbine stop: If the bird remains in the risk area and continues to approach, the system sends a direct
signal to the SCADA system to stop the turbine.
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Figure 29. Mitigation chain of the tested systems

All systems have a web platform where the user can log on anytime and see daily detections, and check
mitigation actions taken and download reports over a monitoring period.
b)

Figure 30. 2D systems installed in different wind farms in Spain. a) and b) Systems with deterrence module
installed on the tower and on the nacelle. ¢) and d) Systems with deterrence module installed just on the
tower.
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b)

Figure 31 3D tested systems. a) System with acoustic and visual deterrence module installed on the tower b)

System with only acoustic deterrence module on the tower.

Table 4 Technical characteristics of tested systems declared by suppliers

3D systems 2D systems
Ultra HD Ultra HD
Full HD (2MP Super HD (4MP Super HD (4MP)| Ultra MP (12MP
Camera (12MP) 6mm | (8MP)8mm (2MP) P (4MP) P (4MP) (12MP)
Distances
measurement| Yes Yes No No No No
Size
classification | Yes No No No Yes No
Specie
recognition | No No No Yes No Yes
Light 4 Audio . 2 Audiosystems: 1 2.AUd|0 §ystems thh . 2 Audiosystems:
1 Audio on the different intensity: 1| 1 Audiosystem
Deterrence [systemon the on Tower andl on 1on Tower antl
Tower on the tower and 1 ¢onthe Tower
Tower thenacelle on the nacelle
thenacelle
Shutdown
module Yes Yes Yes Yes Yes Yes

3.3. Methodology

To evaluate the performance of the installed systems, 30 surveys per system were conducted over the
course of one year by skilled ornithologists. Each survey lasted four hours and was carried out at
different times of the day, under various lighting and weather conditions (Table 5). The total effective
survey time was 120 hours per system. The Vantage Points for each turbine equipped with a system to
monitor were located within a few meters of each turbine. During the surveys, data on bird presence,
flight routes, and flight characteristics were recorded and compared with the system’s outputs. In
particular, the behavior of the birds was observed in response to the deterrent signals emitted by the
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systems. The ornithologists tracked bird activity through visual observation using binoculars and
recorded all information in real-time. Flight height and distance from the turbine were estimated with
the help of characteristic landscape features. All fieldwork data were stored in a database and used for
cross-referencing with the detections from the evaluated system. Special attention was given to
raptors and other larger species with a wingspan greater than 0.7 m during the tests.

Table 5 Example of observations on field of the specialists during a survey in a WTG equipped with a camera

system
start | end | sighting| wind sighted . flight distance deterrence | shut-down bird
Date . - : . . behavior X from oo o .
time | time time turbine | species height turbine activation | activation | reaction
. Foraging| betwee
Hleenrs:ttllj: flight n the lO(r)];SOO No No No
11/07/2024] 09:45| 13:45 09:45| WTG10 P blades
Foraging
f(fﬁ’\f’uss flight ;Z‘;ﬁ; ~100 m No No No
11/07/2024| 09:45| 13:45 10:27| WTGL0
Foraging| betwee y
Sﬁlvpuss flight n the 10?11300 No No No
11/07/2024| 09:45| 13:45 13:00| WTG10 blades
Gvbs Foraging| betwee
fuf\f’us fight | nthe | ~50m Yes No No
11/07/2024] 09:45| 13:45 13:07| WTG10 blades
Foraging| betwee y
f?ﬁ/\f)uss flight n the 10(r)n300 No No No
11/07/2024| 09:45| 13:45 13:15| WTG10 blades
Gvbs Foraging| betwee
fuBI/vpus flight n the ~50m No No No
11/07/2024] 09:45| 13:45 13:30| WTG10 blades

Through field observations by the ornithologists and cross-checking with the data collected by the
systems, the following KPIs were calculated (Table 6). These KPIs measure the performance of each

tested system in terms of detection and deterrence effectiveness, as well as their reliability.

Table 6 Description of KPIs used for system evaluation

# KPI

KPI Description

Detection rates
1 at 300 m
(True positive)

Proportion (in %) of detected birds by systems in relation to the total number of birds
near the turbines, as recorded by visual observations (of birds with wingspan > 0,7m).
The probability of detection was calculated for:

Critical zone: about 300 m from turbine

False Positive
(FP) rate

Proportion of false positive system detections (in %) in relation to total system
detections, cross check by the ground observations. False positives detection is a video
sequences without birds that enabled shut-down action

3 Deterrence rate

Proportion (in %) of visually detected birds which were diverted from the critical zone
protected by systems.

The response to the emitted signal was verified either visually or by analyzing recorded
videos, showing birds changing their flight behavior after sound exposure.

True positive
Shut down

Proportion (in %) of num. of Shut-down due to Real Impact Risk in relation to the total
number of bird detections evaluated with real impact risk by specialists

not necessarily reflect those of the European Union. Neither the European Union nor the granting authority

- Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do

can be held responsible for them.

Funded by the
European Union



WEND'%

WENDY_D5.4 ENERGY LANDSCAPE AND ENVIRONMENTAL DESIGN AT WENDY USE CASES

Operating

reliability Days in operation / days in a year

3.4. Results

A summary of the observations made in the field, along with cross-checking of the videos and data
collected from the various system platforms, is shown in Table 7. This table displays the ratings for the
four KPIs based on the recorded performance.

For detection efficiency at 300 m for birds with a wingspan greater than 0.7 m, the following rankings
are used: Excellent for values greater than 90%, Good for values between 70% and 90%, Scarce for values
between 50% and 70%, and Very Scarce for values below 50%.

For False Positive (FP) rates calculated from 400 flights verified on the web platform of each vendor, the
rankings are: Excellent for FP values below 5%, Good for values between 5% and 10%, and Scarce for
values above 10%.

For True Positive Shut Down, the rankings are: Excellent for values above 90%, Good for values between
70% and 90%, Scarce for values between 50% and 70%, and Very Scarce for values below 50%.

For operating reliability, the rankings are: Excellent for values above 95%, Good for values between 85%
and 95%, and Scarce for values below 85%.

The evaluation of deterrent effectiveness is affected by the inability to compare the bird's reaction with
and without deterrents at the same time. During the surveys, observers rarely recorded sudden changes
in bird flight at the time of the sound or visual alarm from the deterrent module. Specialists concluded
that simply observing the bird's reaction is not enough to determine whether the alarms influenced their
flight movement, especially for high-level raptors.

Instead, they expect a slight adjustment in the bird's flight path to avoid the hazard. Essentially, what
they have hypothesized (though without hard evidence) is that deterrents could increase the birds'
awareness of the turbine as an obstacle in their path.

In agreement with the literature data [16],the effectiveness of deterrents can be enhanced by combining
multiple mitigation measures, such as audio and visual scaring. Therefore, the rank of "Good" was
attributed to systems that combined both audio and visual deterrents, and "Scarce" was given to
systems with only audio deterrents.

Table 7 Results of the evaluation of the systems tested

3D systems 2D systems
Ultra HD Ultra HD
Camera (12MP) 6mm | (8MP) 8mm Full HD (2MP) | Super HD (4MP) Super HD (4MP)| Ultra MP (12MP
. . . 2 Audio systems wit .
Y Tower on the tower and 1 opon the Tower
Tower on the nacelle on the nacelle
the nacelle
Detection
rate Excellent Good Very scarse Good Scarse Very scarse
False
L Excellent Excellent Very scarse Good Excellent Good
Positive

not necessarily reflect those of the European Union. Neither the European Union nor the granting authority

- Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do
can be held responsible for them.

Funded by the
European Union



WEND'%

WENDY_D5.4 ENERGY LANDSCAPE AND ENVIRONMENTAL DESIGN AT WENDY USE CASES

g?;errence Good Scarse Scarse Scarse* Scarse* Scarse*
True shut Excellent Good Very scarse Good Scarse Very scarse
down

Op'era'tt.lng Excellent Good Excellent Good Good Scarse
reliability

*SCADA integration not completed and the automatic shut-down launched was simulated

3.5.

Lesson learned

From the benchmark run, the best-performing system for the identified KPIs was the
stereoscopic (3D) system with Ultra HD cameras and 6 mm focal length, and the ability to classify
the size of the detected bird into one of two wingspan categories.

The accurate estimation of a bird’s size and its distance from a turbine is crucial for a reliable and
efficient bird collision avoidance system, where reducing unnecessary turbine stoppages is
desired.

Generally, for each false positive in the tested systems, an unnecessary stop of about two
minutes was generated. The estimate of energy loss due to false positives depends on the
system's detection performance and the presence of birds near the turbine, making it highly site-
specific

2D camera systems have limitations in accurately determining the exact position or trajectory of
birds. To stop the wind turbine safely, a bird needs to be detected from a distance of 200 m to
400 m, depending on the species. For this reason, it is crucial to estimate the bird’s distance.
Additionally, the ability to classify detected birds by size in real-time is very important. In fact,
most of the protected birds are of medium and large sizes, with a wingspan greater than 1.2.

A reliable detection system and accurate size classification allow mitigation actions (particularly
the shut-down) to be activated only for large-sized birds (>1.2 m) when they are detected in the
risk zone, thus reducing the number of turbine shutdowns.

Some systems, according to vendor specifications, included Artificial Intelligence algorithm for
species recognition (see Table), but testing showed that this capability was not confirmed in any
system. This demonstrates that the technology applied to these systems still needs to be
developed and refined before it can be used effectively.

Deterrence measures should not be used as the sole method of mitigating collision risks, but
rather as an additional measure (such as shutdown). However, for some species, they could be
very effective. The application of combined visual and audio deterrents serves as an additional
collision avoidance measure.
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- Scada integration to enable the automatic shutdown module was found to be a delicate process
that requires great proactivity of the supplier in communicating and collaborating with the
manufacturer of the turbine in which it is installed. As shown in Table 4 for three of the systems
tested, the supplier was unable in the test period to complete the SCADA integration with the
turbine, and the automatic shutdown module was evaluated only through the shutdown
simulated collected in the online platform.

- Cybersecurity: it is strongly recommended to make cybersecurity assessments, in accordance
with internal policies, make sure that the selected providers can comply with the specific
guidelines and, as an additional step, conduct penetration tests to prevent “easy” access by cyber
malicious attackers.

Because the surveys conducted to validate the systems took place at different times of the day and
throughout the year, and because the birds observed belong to various species and size classes, ranging
from 0.7 m to over 2 m for large raptors, it can be argued that the results obtained are replicable in other
wind farms located in different parts of Europe.

In conclusion, the testing of camera systems on wind turbines to detect and preserve birds'life has shown
varying levels of success. Some systems have demonstrated good performance and, with proper field
calibrations, can certainly mitigate positively potential impact, while others have been less effective.
These results are significant within the broader context of the energy landscape and environmental
design, as they highlight the importance of integrating innovative solutions into wind energy projects.
By refining such technologies, it is possible to reconcile the need for sustainable energy production with
the imperative to protect biodiversity, ensuring that the development of wind energy infrastructure
aligns with environmental and social considerations.
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4. Impacts of environmental and social parameters
on micro-siting and economic outcome of wind
farms

The objective of this chapter is to analyze how the application of environmental and social requirements
to micro-siting of wind turbines affects the economic outcome of the project. This analysis is based on
ten use cases. Specifically, the study examines the impact on the Levelized Cost of Energy (LCOE) and
the project’s profitability (IRR) resulting from the consideration of environmental and social restrictions
for micro-siting wind turbines.

The parameters that influence micro-siting have been defined according to WENDY task 3.4 reported in
[4]. The location and visual impact on the local inhabitants have been reviewed. Where available, wind
measurements were analyzed to assess the project’s wind resources. In cases where data was lacking,
re-analysis information was downloaded. Additionally, data on the project’s orography and terrain
roughness was obtained from the available open databases. The power curve of the wind turbines was
downloaded from the WindPRO application or supplied by partners, taking into consideration the air
density specific to each project. Based on this information, the wind models for each case study were
generated. These models are used to estimate the energy output production for different scenarios,
while also evaluating the wake effect for each one.

General costs as capital and operating expenditures (CAPEX & OPEX) have been assumed to estimate
the economic parameters. Specifically, the parameters considered are the Levelized Cost of Energy
(LCOE), which serves as the key performance indicator (KPI) referenced in task Task 4.2 for inclusion in
the WENDY tool as a techno-economic KPI. Additionally, the Internal Rate of Return (IRR) is assessed to
determine the project’s profitability.

The economic analysis reveals that in onshore wind farms, including environmental and social measures
reduce the rentability of the project, but at the same time they are necessary to carry on the project. In
some cases, it should be possible to find suitable solutions by, for example, reducing the project capacity.
In general, in projects with high sensitivity and medium average wind speed, consideration of
environmental and social measures could make the project unfeasible. On the other hand, in offshore
wind farms, wind resources are extensive and constant and the distances between turbines can be larger
because there are no problems with orography. Thus, implementing environmental and social measures
are easier and with less impact on the project’s economic profitability.

In any case, it is essential to include into projects the environmental restrictions and citizen
requirements. The micro-site should incorporate measures to enhance these aspects. Additionally,
effective communication and education are crucial for citizens to appreciate the advantages of clean
energy, while project promoters must recognize the need to evaluate environmental and social
considerations within their profit-driven projects.
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4.1. Introduction

Micro-siting is the process of determining the specific location for wind turbines within a wind farm [17].
It involves careful planning and consideration of various factors such as wind conditions, turbine
distances or other restrictions.

The distance between turbines within the wind farm is critical. Placing turbines close together saves
materials but reduces their operating life and the energy output of neighboring turbines. Decreasing the
distance between wind turbines increases the turbulence caused by the rotor of the nearby turbines and
wakes between the turbines and consequently reduces the productivity. Task 3.4 [4], identified the main
KPI that affects micro-siting and the mitigation actions to reduce the affection and improve the
acceptance, these results will be considered in these evaluations.

4.2. Methodology

In this task, use cases have been evaluated using the following methodology:

e Wind resource evaluation and preliminary layout optimization: Assesses the wind resource and
optimizes the preliminary layout for energy assessment. This initial evaluation serves as a
reference point for comparing the techno-economic impact.

e Revised layout evaluation with main Restrictions: Accounts for the key restrictions and
reevaluates the wind farm layout. While this assessment reduces energy output and addresses
environmental and social concerns, it reflects the real-world scenario for the use cases, the as
built layouts.

e Evaluation with additional restrictions: When necessary, a third evaluation has been conducted,
considering further restrictions and factors to enhance wind farm social acceptance and/or
environmental quality.

It’s important to note that the initial evaluation remains the optimal choice from a techno-economic
perspective. However, any measures that improve environmental and social acceptance may come at
the cost of reduced energy output and increased project expenses.

The energy Calculation has been done with WindPRO [18] or with Openwind [19]. Cartography data was
sourced from open databases. For wind farms without available meteorological stations, free re-analysis
data was utilized. In some cases, specific power curves were available, while in others, the power curves
have been downloaded from WindPRO.

The analysis is complemented with a financial analysis approach, calculating the Levelized cost of the
energy (LCOE) and the Internal Rate of Return (IRR). The LCOE [20] represents the average cost of
producing one unit of energy over the lifetime of the project. It considers both, the initial investments
as the capital expenditure (CAPEX) and the maintenance costs as the operating expenditure (OPEX).

The formula for LCOE is:
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LCOE= Total lifetime cost
" Total lifetime energy output

Total Lifetime Costs include construction, operation, and maintenance expenses [20], [21] and Total
Lifetime Energy Output refers to the energy generated by the project throughout its lifespan.

The IRR is a financial metric that evaluates the profitability of an investment. It represents the discount
rate at which the net present value (NPV) of cash flows (CF) becomes zero. In other words, it’s the
interest rate that makes the project’s inflows equal to outflows.

- CFaoyears

NPV= | CF20 years o

NPV=0; 1 e =

(1+I’) 20 years ’

The financial study is based on 20 years of project lifetime with a payback period of 10 years. The
financing rate is 50%, taxes 32% [22], interest ratio 6% [23] [24], inflation ratio 3% [24] [25], and the
price of the energy sold is 70 €/MWh [26] .

The procedure is described in Figure 33.

Figure 32 Flow chart of the methodology

4.3. Use Case information description and Evaluation Result

This section is divided per use case and reflects on the following structure:
e Tabular description of the project parameters influencing the micro-siting based on Task 3.4, [4].
» Description of the site using Google Maps; in some case Google Street View is used to show the
real view of the wind farm.
e Analysis of layout alternatives considering social and environmental aspects.
» Definition of approximate cost.
e Results of energy output, LCOE and IRR of the project.

The location of studied use cases is shown in Figure 1 in the beginning of this report.
4.3.1. Motilla Wind Farm

The summary data of the project is described in Table 8:
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Table 8 Description of the project Motilla W.F.

MOTILLA | VALUE | SOURCE |
Wind Farm type Onshore
. Latitude: 39° 32'1.4" . .
Location Longitude: -1° 56' 7.4 Geodesic system: WGS84
Number of WTG 17
Power 51 MW
Turbine model AW132-3.0 MW EGP
_ Rotor diameter 132m EGP
Turbine Model -
Hub height 112.5m EGP
Unit Power 3.0 MW EGP
Technical Wind Speed 6.61 m/s EGP
_ Weibull distribution A:7.46, k:2.08 EGP
Wind . Direction wind 90°-E EGP
Characterization
Wind Shear 0.145 EGP
Turbulence Intensity 0.09 EGP
Ambient conditions | Air density 1.103 kg/m?3 CIRCE
Type of Terrain Flat CIRCE
) . Terrain Roughness Low CIRCE
Site conditions
Bathymetry -
Distance to substation 1km CIRCE
. Distances 2 km CIRCE
Visual :
Hub height 112.5m CIRCE
) Distances <1 km CIRCE
i Noise . -
Social Operation mode (dB) Missing
Flickering Location of the turbine Coordinates EGP
Permitting Documentation Built
Restrictions Documentation Missing
Permitting Documentation Built
Restrictions Documentation Authorization EGP
Environmental o Location of the turbine Coordinates EGP
Sensmv_lty n Compensatory measures Authorization EGP
vegetation or fauna : : _
Protection measures Protection system installed EGP

Motilla wind farm is situated in a flat terrain, arid area with cereal crops and close to a village. The
surrounding region features power lines, main roads, a train line, and husbandry. Due to its proximity to
a populated area, the perception of the wind farm by people living nearby has been explored. To achieve
this, the tool Google Street View has been used, capturing a picture of the wind farm from the
perspective of nearby residents ().
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Figure 33 Motilla W.F. seen from nearest buildings

In this case study, wind measurements were collected from an 80-meter met mast over a period of one
and a half years. Wind data were provided by ENEL and has been subsequently filtered, cleaned, and
adjusted for long-term analysis. Additionally, the orography information has been sourced from the
Spanish National Geographic Institute (IGN) database [27] , with a resolution of 25 meters. Roughness
data has been based on the Corine Land Cover 2018 dataset [28] , which includes 44 different roughness
types. The power curve has been supplied by ENEL.

Based on the collected information, it has been evaluated three different alternatives for the wind farm:

e Alternative 1: A micro-siting design focused on technical considerations (maximizing energy).

» Alternative 2: Incorporating modifications aligned with environmental resolutions (reflecting the
as-built wind farm).

e Alternative 3: Enhancing Alternative 2 by increasing the distances between turbines. This action
reduces wake effects and minimizes impacts on birds and bats. However, the feasibility of
including new landowners in the project remains unstudied.

The analysed layouts are shown in Table 9:

Table 9 Layout of the analyzed alternatives -— Motilla W.F.

Alternative 1 Alternative 2 Alternative 3
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Additionally, a financial study has been conducted, considering both Capital Expenditure (CAPEX) and
Operating Expenditure (OPEX) for all alternatives. The approximate values used for this cost have been
1.000.000€/MW installed for CAPEX and 11€/MWh for OPEX [29]

The results, including the Levelized Cost of Energy (LCOE), Internal Rate of Return (IRR), and estimated
annual output power, are summarized in Table 10.

Table 10 Summary of results - Motilla
MOTILLA Energy Yield Energy Yield Energy Yield
Assessment 1 Assessment 2 Assessment 3

Measures

Power installed (MW)
Power output (GWh/y)
Power output (GWh/20 ys)
LCOE (€/MW)

IRR (%)

Analysing the results, energy price increase implementing measures to enhance social and
environmental acceptance is observed. Balancing community needs and project viability is crucial. The
IRR may decrease due to additional costs incurred for environmental mitigation or community
engagement.
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4.3.2. El Campo Wind Farm

The summary data of the project is described in Table 11:

Table 11 Project description EI Campo

EL CAMPO \ VALUE | SOURCE |
Wind Farm type Onshore
: Latitude: 41° 54' 33" . )
Location Longitude: -1° 30 00" Geodesic system: WGS84
Number of WTG 6
Power 19.8
Turbine model AW132-3.3MW EGP
_ Rotor diameter 132m EGP
Turbine Model .
Hub height 84m EGP
Unit Power 3.3 MW EGP
Technical Wind Speed 7.7m/s EGP
_ Weibull distribution A:8.6, k:1.67 EGP
Wind . Direction wind 315°-NW EGP
Characterization
Wind Shear 0.15 EGP
Turbulence Intensity 0.08 EGP
Ambient conditions | Air density 1.168 kg/m?3 CIRCE
Type of Terrain Flat CIRCE
_ . Terrain Roughness Low CIRCE
Site conditions
Bathymetry -
Distance to substation 8 km CIRCE
i Distances 1 km CIRCE
Visual :
Hub height 84m CIRCE
_ Distances <1 km CIRCE
) Noise . .
Social Operation mode (dB) Missing
Flickering Location of the turbine Coordinates CIRCE
Permitting Documentation Built
Restrictions Documentation No EGP
Permitting Documentation Built
Restrictions Documentation Authorization EGP
Environmental o Location of the turbine Coordinates EGP
Sensmv_lty n Compensatory measures | No EGP
vegetation or fauna : _ _
Protection measures Protection system installed EGP

The picture with the location of the wind farm is shown in the figure below. This wind farm is situated in
a flat, arid area with crops and close to two villages. The surrounding region features electrical lines,
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main roads, and husbandry. In this use case it has been also explored how citizens perceive the wind
farm. The picture of the tool Google Street View is shown with Figure 35.

Figure 34 El Campo W.F. seen from nearest buildings

The wind measurements were collected from an 80-meters met mast over six and a half years. ENEL
provided this data, which has been subsequently filtered, cleaned, and adapted for long-term analysis.
The orography information and the Roughness map are from the IGN database [27], and Corine Land
Cover 2018 dataset [28] respectively. The power curve has been supplied by ENEL.

Based on the collected information, it has been evaluated three different alternatives for the wind farm:

e Alternative 1: A microsite design focused on technical considerations.

e Alternative 2: Incorporating modifications aligned with environmental resolutions (reflecting the
as-built wind farm).

e Alternative 3: Enhancing Alternative 2 by increasing the distances between turbines and
reducing the number of wind turbines from 6 to 3. This action reduces wake effects and
minimizes impacts on birds and bats and improves the social acceptance.

The layouts of the analysed alternatives are shown in Table 12 where other nearby turbines are
represented with “*”. It is an area with high wind farm density:

Table 12 Layout of analyzed alternatives

Alternative 1 Alternative 2 Alternative 3
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The costs considered in the financial study include a CAPEX of 1.250.000€/MW installed for the first and
third options, but only 1.000.000€/MW installed for the second alternative. This difference is because
the second alternative reduces the wind farm’s area, resulting in lower civil and electrical work costs.
Additionally, all alternatives share an OPEX of 11€/MWh.

The results, including the LCOE, IRR, and estimated annual output power, are summarized in Error!
Reference source not found..
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Table 13 Summary of results — El Campo W.F.

Energy Yield Energy Yield Energy Yield
=L EANEE Assessment 1 Assessment 2 Assessment 3

Measures

Power installed (MW)
Power output (GWhly)
Power output (GWh/20 y:
LCOE (€/MW)

IRR (%)

Analysing the results, the measures applied to reduce the environmental impact of the wind farm
maintain energy prices and profitability. However, the inclusion of new measurements to enhance
social acceptance has led to worse financial outcomes.
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4.3.3. Campoliva | & I Wind Farm

The summary data of the project is described in Table 14.

Table 14 Description of the project Campoliva &Il W.F.

CAMPO OLIVA 1&ll VALUE ‘ SOURCE \
Wind Farm type Onshore
, Latitude: 41° 40' 50.9" . )
Location Longitude: -0° 38" 21.6" Geodesic system: WGS84
Number of WTG 10+15
Power 73.7 MW
, SG132-3.465 MW / SG114-
Turbine model 26 MW EGP
Turbine Model Rotor diameter 132m/114m EGP
Hub height 84m/93m EGP
Unit Power 3.465 MW EGP
Technical Wind Speed 6.8 m/s EGP
_ Weibull distribution A:7.64,k:1.79 EGP
Wind . Direction wind 300° - WNW EGP
Characterization
Wind Shear 0.2 EGP
Turbulence Intensity 13% EGP
Ambient conditions | Air density 1.155 kg/m? CIRCE
Type of Terrain Semi-Complex CIRCE
_ . Terrain Roughness Low CIRCE
Site conditions
Bathymetry - -
Distance to substation 8 km CIRCE
_ Distances 6 km CIRCE
Visual -
Hub height 84m/93m CIRCE
_ Distances 5km CIRCE
i Noise . .
Social Operation mode (dB) Missing
Flickering Location of the turbine Coordinates CIRCE
Permitting Documentation Built
Restrictions Documentation No EGP
Permitting Documentation Built
Restrictions Documentation Authorization EGP
Environmental L Location of the turbine Coordinates EGP
Sensmv_lty n Compensatory measures | No EGP
vegetation or fauna : _ _
Protection measures Protection system installed EGP

This wind farm is situated in a medium complex terrain together with Primoral wind farm. It is a desert,
although very close there are crops and several villages. The surrounding region features electrical lines,
main roads, and animal farms. The wind farm is not visible from the inhabited area, so it is not necessary
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to show the appearance of the wind farm from the village. In this case study, wind measurements were
collected from three met mast the highest with 66-meter met mast, covering a period of 11 years of
measurements. ENEL provided this data, which has been subsequently filtered, cleaned, and adapted
for long-term analysis. The orography and roughness information has been sourced as with the same
two projects before described from the Spanish National Geographic Institute (IGN) database [27] and
Corine Land Cover 2018 dataset [28] The power curve has been supplied by ENEL.

Based on the available information, it has been evaluated three different alternatives for the wind farm
(Table 15):

e Alternative 1: A micro-siting design focused on technical considerations.

» Alternative 2: Incorporating modifications aligned with environmental resolutions (reflecting the
as-built wind farm).

< Alternative 3: Enhancing Alternative 2 by increasing the distances between turbines and reducing
the number of wind turbines. This action reduces wake effects and minimizes impacts on birds
and bats and improves the social acceptance.

Table 15 Layout of the analyzed alternatives - Campoliva | & Il W.F.

Alternative 1 Alternative 2 Alternative 3

In this case the financial study has been done, considering a CAPEX of 1.200.000€/MW installed for the
first and second alternative, and 1.250.000€/MW for the third option. The cost increment is attributed
to the varying complexities of construction across the different alternatives, for example including
additional cabling. The OPEX is 11€/MWh.

The results, including the LCOE, IRR, and estimated annual output power, are summarized in Table 16.

Table 16 Summary of results — Campoliva 1&Il W.F.
Energy Yield Energy Yield Energy Yield
CAMPO OLIVA & Assessment 2 Assessment 3

Measures

Power installed (MW) 74 74 54
Power output (GWhly) 240 230 170
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Power output (GWh/20 ys 4753 4551 3355
LCOE (€/MW) 34 34 35
IRR (%) 17 16 16

Considering the results, implementation of measures to mitigate environmental impact can lead to an
increase in energy prices, potentially reducing project profitability. In addition, further reduction in the

number of turbines to address social concerns may further escalate energy costs, ultimately
compromising the project’s viability.
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4.3.4. Primoral Wind Farm

This project is in the same area as Campoliva | & Il. These three projects together form a cluster of wind

farms, although they are separated by administrative considerations.
The summary of the main information of the project is presented in Table 17.

Table 17 Description of the project Primoral W.F.

PRIMORAL | VALUE | SOURCE
Wind Farm type Onshore
. Latitude: 41° 39' 26" :
Location Geodesic system: WGS84
Longitude: -0° 41" 4" y
Number of WTG 10
Power (MW) 39.6 MW
Turbine model SGG132_3.45 EGP
Turbine Model Rotor diameter 132 m EGP
Hub height 114 m EGP
Unit Power 3.465 MW EGP
Technical Wind Speed 7.18 m/s EGP
Wind Weibull distribution A:8.08, k:1.84 EGP
[ . :
Characterization Direction wind 300° - WNW EGP
Wind Shear 0.2 EGP
Turbulence Intensity 13% EGP
Ambient conditions | Air density 1.155 kg/m? CIRCE
Type of Terrain Semi-Complex CIRCE
Site conditions Terrain Roughness Low CIRCE
Bathymetry - -
Distance to substation 8 km CIRCE
. Distances 6 km CIRCE
Visual :
Hub height 114 m CIRCE
. Distances 5 km CIRCE
i Noise X .
Social Operation mode (dB) Missing
Flickering Location of the turbine Coordinates CIRCE
Permitting Documentation Built
Restrictions Documentation No EGP
Permitting Documentation Built
Restr|ct|0ns Documentation Authorization EGP
Environmental S Location of the turbine Coordinates EGP
Sensitivity in c No EGP
vegetation or fauna ompensatory measures _ _
Protection measures Protection system installed EGP
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As Primoral belongs to the same cluster than Campoliva | & II, this wind farm has been evaluated using
the same wind model. The model was developed based on the roughness map, orography, and wind
measurements across the entire area, encompassing Campoliva |, Campoliva I, and Primoral.
Additionally, the wind turbine power curve was provided by ENEL. The assessment explored three
different alternatives for the wind farm (Table 18):

e Alternative 1: A micro-siting design focused on technical considerations.

e Alternative 2: Incorporating modifications aligned with environmental resolutions (reflecting the
as-built wind farm).

< Alternative 3: Enhancing Alternative 2 by increasing the distances between turbines and reducing
the number of aerogenerators. This action reduces wake effects and minimizes impacts on birds
and bats and improves the social acceptance.

Table 18 Layout of the analyzed alternatives — Primoral W.F.

Alternative 1 Alternative 2 Alternative 3

For the financial study, the same CAPEX and OPEX costs as in Campoliva | & Il has been considered. The
results, including the LCOE, IRR, and estimated annual output power, are summarized in Table 19.

Table 19 Summary of results — Primoral W.F.
Energy Yield Energy Yield Energy Yield
PRIMORAL Assessment 1 Assessment 2 Assessment 3

Measures

Power installed (MW)
Power output (GWhly)
Power output (GWh/20 vy
LCOE (€/MW)

IRR (%)
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In that study case, considering the results, implementing measures to reduce the environmental impact
leads to an increase in energy prices which in turn reduces project profitability. However, by reducing
the number of turbines, social affectation can be improved and with a specific selection of the positions
of the turbines, it is possible reduce the energy price and an increase in project profitability, approaching
the technical optimum.
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4.3.5. Bagaladi Wind Farm

The summary of the information of Bagaladi wind farm is described in Table 20.

Table 20 Description of the project Bagaladi W.F.

BAGALADI | VALUE | SOURCE
Wind Farm type Onshore
. Latitude: 38° 1' 56.6" -
Location Geodesic system: WGS84
Longitude: 15° 44' 48.6" y
Number of Turbines 34/4 (Alternative 3)
Power 29 MW
Turbine model G52-850/V172-7.2 EGP
Turbine Model Rotor diameter 52m/172m EGP
Hub height 55m/114m EGP
Unit Power 850 kW / 7200 kW EGP
Technical Wind Speed 8.36 m/s CIRCE
Weibull distribution A: Unknow, k: Unknow
Wind Characterization | Direction wind 337,59 - NNW CIRCE
Wind Shear Missing
Turbulence Intensity Missing
Ambient conditions | Air density 1.08 Kg/m? CIRCE
Type of Terrain Complex CIRCE
Site conditions Terrain Roughness Medium-low CIRCE
Bathymetry - -
Distance to substation | Missing
: Distances <1 km CIRCE
Visual
Hub height 55m CIRCE
. Distances <1 km CIRCE
. Noise . .
Social Operation mode (dB) Missing
Flickering Location of the turbine | Coordinates EGP
Permitting Documentation Built
Restrictions Documentation Missing
Permitting Documentation Built
Restrictions Documentation Missing
Environmental L Location of the turbine | Coordinates EGP
Sensitivity in C Missi
vegetation or fauna ompensatory measures | Missing
Protection measures Missing
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The area of the wind farm is shown in the following picture, where the complexity of the site and the
existence of a natural area named Calabria can be easily seen (Error! Reference source not
found.). There are also interest points next to the wind farm and some villages around the turbines.

In the area, Turbines are visible from some buildings in the valley. The Street View tool shows the view
of the turbines from the buildings:

Figure 35 Bagaladi seen from the closest residential areas

There is no data available to do the calculations, so the New European Wind Atlas [30], [31], [32] has
been used to check the average values, and the series of data has been downloaded from the Copernicus
European Regional Reanalysis (CERRA) Data Base [33]. The CERRA system was used to create a pan-
European reanalysis with a horizontal resolution of 5.5 km. It uses a set of in-situ observations and
satellite information. High-density surface observations will be added for the special surface analysis.
These data are used to estimate the power output. The orography has been obtained from the digital
elevation model (DEM) of the whole Italian territory, named TINITALY [34]. The roughness has been
downloaded from the Corine Land Cover 2018 dataset. As shown in the previous Open Street picture,
terrain is covered by wild vegetation composed mainly by bushes without high trees and/or forests. The
power curve has been downloaded from WindPRO application tool.

The three alternatives studied are shown in Table 21.

e Alternative 1: A micro-siting design focused on technical considerations.

» Alternative 2: Incorporating modifications aligned with environmental resolutions (reflecting the
as-built wind farm).

e Alternative 3: Increasing the distances between turbines and reducing the number of
aerogenerators the turbines have been repowered by 4 turbines with more power. The total
power installed is the same. This action reduces wake effects, minimizes impacts on birds and
bats, and improves social acceptance.
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Table 21 Layout of the analyzed alternatives — Bagaladi W.F.

Alternative 1 Alternative 2 Alternative 3

The cost of the project is higher than the previous user cases due to terrain complexity and wild
vegetation instead of crops lands with roads and paths. Consequently, the cost of the installation varies
from 1.200.000 to 1.300.000€/MW installed depending on the alternative analyzed. The OPEX cost has
been considered (12 €/MWh).

Table 22 Summary of results — Bagaladi W.F.
Energy Yield Energy Yield Energy Yield
BAGALADI Assessment 1 Assessment 2 Assessment 3

Measures

Power installed (MW)
Power output (GWhly)
Power output (GWh/20 y:
LCOE (€/MW)

IRR (%)

The restrictions of the project minimize the potential and the profit of the wind farm. However, a little
improvement in the profit is possible by installing bigger turbines.

not necessarily reflect those of the European Union. Neither the European Union nor the granting authority

- Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do
can be held responsible for them.

Funded by the
European Union



WEND %

WENDY_D5.4 ENERGY LANDSCAPE AND ENVIRONMENTAL DESIGN AT WENDY USE CASES
4.3.6. Maida & San Floro Wind Farm

Maida and San Floro are two wind farms very close each other. San Floro, with 4 wind turbines, could
be considered as an extension of Maida, with 28 wind turbines, and both has been studied as one single
wind farm. Because of that both are studied as a unique wind farm.

Table 23 Description of the project Maida & San Floro W.F.

BAGALADI | VALUE | SOURCE
Wind Farm type Onshore
. Latitude: 38° 1' 56.6" -
Location Geodesic system: WGS84
Longitude: 15° 44' 48.6" y
Number of Turbines 34/4 (Alternative 3)
Power 29 MW
Turbine model G52-850/V172-7.2 EGP
Turbine Model Rotor diameter 52m/172m EGP
Hub height 55m/114m EGP
Unit Power 850 kW / 7200 kW EGP
Technical Wind Speed 8.36 m/s CIRCE
Weibull distribution A: Unknow, k: Unknow
Wind Characterization | Direction wind 337,59 - NNW CIRCE
Wind Shear Missing
Turbulence Intensity Missing
Ambient conditions | Air density 1.08 Kg/m? CIRCE
Type of Terrain Complex CIRCE
Site conditions Terrain Roughness Medium-low CIRCE
Bathymetry - -
Distance to substation | Missing
. Distances <1 km CIRCE
Visual
Hub height 55m CIRCE
. Distances <1 km CIRCE
. Noise . .
Social Operation mode (dB) Missing
Flickering Location of the turbine | Coordinates EGP
Permitting Documentation Built
Restrictions Documentation Missing
Permitting Documentation Built
Restrictions Documentation Missing
Environmental o Location of the turbine | Coordinates EGP
Sensitivity in c .
vegetation or fauna ompensatory measures | Missing
Protection measures Missing
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36As it can be seen, the terrain is complex with wild vegetation and villages around the wind farms.
Terrain roughness is higher at Bagaladi wind farm, meaning that the surface is covered by higher
vegetation that makes the visibility of the wind farm from the inhabited areas less clear (Figure 38).

Figure 37 Maida & San Floro W.F. seen from nearest buildings

The data use to generate the wind model are from the data base CERRA, the orography has been
obtained from TINITALY and the roughness from the Corine Land Cover 2018. The power curve has been

loaded from WindPRO application tool. The description of the alternatives studied are as shown in Table
24:

e Alternative 1: A micro-siting design focused on technical considerations.

« Alternative 2: Incorporating modifications aligned with environmental resolutions (reflecting the
as-built wind farm).

e Alternative 3: Increasing the distances between turbines and reducing the number of
aerogenerators to 8, with more nominal power to maintain the total power installed. This action
reduces wake effects, minimizes impacts on birds and bats, and improves social acceptance.

Table 24 Layout of the analyzed alternatives - Maida & San Floro W.F.

Alternative 1 Alternative 2 Alternative 3
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The cost of the project considered is also the same as Bagaladi. The result of the financial study is
presented in Table 25.

Table 25 Summary of results — Maida & San Floro W.F.
MAIDA% SAN FLORO Energy Yield Energy Yield Energy Yield
Assessment 1 Assessment 2 Assessment 3

Measures

Power installed (MW)
Power output (GWhly)
Power output (GWh/20 vy,
LCOE (€/MW)

IRR (%)

38Applying environmental consideration, the profit of the project decreases and increase the price of
the energy, but installing turbines with higher nominal power, it is possible increase the profit although
the result is lower than the optimum energy alternative.
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4.3.7. MEC Project

The main information of the wind farm project is summarized in Table 26.

Table 26 Description of the MEC Project

MEC | VALUE | SOURCE
Wind Farm type Onshore
Location Latitude: 35° 0" 36.78" Geodesic system: WGS84
Longitude: 25° 16' 36.58"
Number of Turbines 4
Power 12
Turbine model E82-4-3 MEC
Turbine Model Rotor diameter 82m MEC
Hub height 62 m MEC
Unit Power 3.020 kW MEC
Technical Wind Speed 8.91m/s MEC
Weibull distribution A:8.1,k: 1.76 MEC
Wind Characterization | Direction wind 0°-N MEC
Wind Shear Missing MEC
Turbulence Intensity Missing MEC
Ambient conditions | Air density 1,129 kg/m? CIRCE
Type of Terrain Complex CIRCE
Site conditions Terrain Roughness Missing CIRCE
Bathymetry - -
Distance to substation Missing CIRCE
Visual Distances 2 km CIRCE
Hub height 62m CIRCE
. Noise Distances <1 km CIRCE
Social Operation mode (dB) Missing MEC
Flickering Location of the turbine | Coordinates MEC
Permitting Documentation Missing
Restrictions Documentation Missing
Permitting Documentation Missing
Restrictions Documentation Missing
Environmental L Location of the turbine | Coordinates MEC
Sensitivity in

vegetation or fauna Compensatory measures | Missing

Protection measures Missing
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The windfarm is planned in a complex terrain area close to the sea, in complex terrain covered by poor
and low vegetation (Figure 40). The wind farm can be visible from some tourist villages in the
surroundings.

Figure 39 Area of the MEC Project

The turbines have not been installed yet, so it is no possible to use the Street View to know how the
citizen view the windfarm. The alternatives studied are described in Table 27.

e Alternative 1: A microsite design focused on technical considerations.

e Alternative 2: Incorporating modifications aligned with the project (reflecting the proposal wind
farm). This alternative it is not well oriented to the wind direction, because of that it has high
level of wake effect.

» Alternative 3: Enhancing Alternative 2 by increasing the distances between turbines and reducing
the number of aerogenerators to only 2. This action reduces wake effects, minimizes impacts on
birds and bats, and improves social acceptance.

Table 27 Layout of the analyzed alternatives - MEC project

Alternative 1 Alternative 2 Alternative 3
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Wind data as measured at a 10 m met mast has been provided by MEC. Due to the high difference with
hub height, the wind model is based on CERRA (15) data and has been calibrated based on provided
onsite 10 m measurements. The orography map is downloaded from NASA — SRTM [35] database. These
data sets are the result of international project to generate a near-global digital elevation model (DEM)
of Earth using radar interferometry with a resolution of 90 m. The wind turbine model has been selected
by MEC and the power curve has been obtained from the WindPRO database.

The costs used for the calculations are 900.000€/MW installed for alternative 1, 950.000€/MW for
alternative 2, and 1.000.000€/MW per alternative 3. The maintenance cost OPEX considered is
12€/MWh.

Table 28 Summary of results — MEC Project.

MEC Energy Yield Energy Yield Energy Yield
Assessment 1 Assessment 2 Assessment 3

12 12 6

Power output (GWh/afo)
Power output (GWh/y) 45 37 19
Power output (GWh/20 v, 885 735 372
LCOE (€/MW) 28 32 32
IRR (%) 27 21 20

According to the results, fulfilling the environmental conditions decreases the profit and increases the
price of the energy. Reducing the number of turbines trying to reduce the social impact the result of the
profits and energy price is even worse.
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4.3.8. Hywind Tampen Wind Farm

Table 29 Shows the summary of Hywind Tampen.
Table 29 Description of the project Hywind Tampen W.F.

HYWIND TAMPEN ‘ VALUE ‘ SOURCE
Wind Farm type Offshore
: Latitude: 61° 19' 47.9" :
Location : Geodesic system: WGS84
I Longitude: 2° 42' 0" 'c 5y
Number of Turbines 11
Power 88 MW
Turbine model SG 16/8.0 CIRCE
Turbine Model Rotor d.lameter 167 m CIRCE
Hub height 105 m CIRCE
Unit Power 8000 kW CIRCE
Technical Wind Speed 10,36 m/s CIRCE
Weibull distribution A: Missingk: Missing
Wind Characterization| Direction wind 180°-S CIRCE
Wind Shear Missing
Turbulence Intensity Missing
Ambient conditions | Airdensity 1.236 kg/m3 CIRCE
Type of Terrain -
Site conditions Terrain Roughness -
Bathymetry Missing
Distance to substation | Missing
. Distances - CIRCE
Visual
Hub heigh 105 m CIRCE
. Distances - CIRCE
_ Noise : —
Social Operation mode @) Missing
Flickering Location of the turbine | Coordinates NOW
Permitting Documentation Authorized Built
Restrictions Documentation Missing
Permitting Documentation Authorized Built
Restrictions Documentation Missing
Environmental o | Location of the turbine | Coordinates NOW
Sensitivity in vegetation .
or fauna Compensatory measure Missing
Protection measures Missing

40
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It is a floating offshore wind farm situated over 100 kilometers from the southwest coast of Norway.
This project provides electricity to offshore oil and gas installations, specifically Snorre and Gullfaks, in
the Norwegian North Sea (Figure 42).

Figure 41 Location of Hywind Tampen

The available information for this wind farm consists of the turbine positions. To estimate its resource
potential, the Norwegian reanalysis (NORA3) [36] has been utilized. This database provides numerical
mesoscale weather simulations specifically for offshore wind power, with a resolution of 3 kilometers.
The model encompasses both the North Sea and the Norwegian Sea. The selected turbine model closely
matches the project requirements in terms of power output. Two layout alternatives have been studied
(Table 30).

e Alternative 1: Optimized Energy Output. In this alternative, the turbines are positioned to
maximize energy production.

e Alternative 2: as-built location. This layout assumes that the environmental conditions are
already factored into the turbine placement.

Table 30 Layout of the analyzed alternatives - Hywind Tampen W.F.

Alternative 1 Alternative 2
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Considering a cost of installation of 5.000.000€/MW installed and 20 €/MWh of power output, the result
of the LCOE and the IRR in both alternatives are as follows:

Table 31 Summary of results — Hywind Tampen W.F.

HYWIND TAMPEN Energy Yield Assessment 1 Energy Yield Assessment 2

B
88 88

Power installed (MW)
Power output (GWh/y) 413 406
Power output (GWh/20 y 8201 8071
LCOE (€/MW) 81 82
IRR (%) 1 1

42When wind farms are located far from the coast, the wind resource tends to be more stable and
consistent. The challenge lies in minimizing the wake effect to increase the energy output. One strategy
to achieve this is by increasing the distances between turbines, which helps to mitigate the wake effect.
By doing so, each turbine operates in less disturbed airflow, leading to improved energy capture.
However, this approach comes with higher installation costs. But in this project, increasing the distance
between the turbines does not significantly increase the power output, and the price of the energy and
profits of the project show no variation.
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4.3.9. Utsira

Q

¢

Table 32 shows the summary of the Utsira project.

Table 32 Description of the Utsira Project

UTSIRA | VALUE | SOURCE
Wind Farm type Offshore
: Latitude: 59° 16" 79" :
Location : Geodesic system: WGS84
I Longitude: 4° 33' 46" 'c 5y
Number of Turbines 41
Power 1500 MW
Turbine model GE 22a12 CIRCE
Turbine Model Rotor d_lameter 220 m CIRCE
Hub height 138 m CIRCE
Unit Power 12.000 kw CIRCE
Technical Wind Speed 10.15 m/s CIRCE
Weibull distribution A: Missing, Klissing
WindCharacterization | Direction wind 170°-SSE CIRCE
Wind Shear Missing
Turbulence Intensity Missing
Ambient conditions | Air density 1,08 kg/m3 CIRCE
Type of Terrain -
Siteconditions Terrain Roughness - —
Bathymetry Missing
Distance to substation | Missing
. Distances -
Visual
Hub heigh 138m CIRCE
. Distances -
_ Noise : —
Social Operation mode @) Missing
Flickering Location of théurbine Area NOW
Permitting Documentation -
Restrictions Documentation -
Permitting Documentation -
Restrictions Documentation -
Environmental o . | Location of the turbine |Area NOW
Sensitivity in vegetation
or fauna Compensatoryneasures | -
Protection measures -
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43The wind farm has not been installed yet. The area of the future wind farm is around 7 km away from
Utsira Island and 25 Km from the Norwegian coasts (Figure 45).

Figure 44 Location of Utsira offshore wind farm

There is unavailable wind data, so NORA3 [36] data base has been used. For this study, CIRCE has
selected one of the larger turbines: the General Electric model with a nominal power of 12 MW and a
rotor diameter of 220 m. Two alternatives of layout have been studied:

« Alternative 1: In this approach, the goal is to reduce the wake effect caused by the turbines. The
entire available area is utilized for turbine placement. By spacing the turbines optimally, we aim
to minimize the impact of one turbine’s wake on neighboring turbines. This layout prioritizes
energy production efficiency.

e Alternative 2: the project is divided into three distinct areas, leaving two corridors for seabirds.
This design choice is particularly crucial because the site is close to Utsira and other small areas
with significant populations of seabirds. By creating a bird-friendly corridor, we can mitigate
potential disturbances to their habitat while still harnessing wind energy effectively.
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Alternative 1 Alternative 2

Figure 45. Layout of the analyzed alternatives - Utsira project.

The cost of this wind farm has been considered the same as the Hywind Tampen wind farm although is
closer to the coast than the other one.

Table 33 Summary of results — Utsira Project.

UTSIRA Energy Yield Assessment 1 Energy Yield Assessment 2

Measures ~ -Relcaetubines

Power installed (MW) 1500 1500
Power output (GWh/y) 6554 6553
Power output (GWh/20 y. 130300 130269
LCOE (€/MW) 85 85
IRR (%) 0 0

In this case study, neither there is not a significant difference in the power output between the two
analyzed distributions. Both have turbines spaced far apart, resulting in a minimal wake effect.
Consequently, there is no variation in energy prices or project profits. Therefore, the best approach for
these wind farms is to follow environmental recommendations by leaving a corridor and to protect sea
birds.
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4.3.10. Sgrlige Nordsja I

The project description of Sgrlige Nordsjg 1l is summarized in Table 34.

Table 34 Project summary of Sgrlige Nordsja Il

SPRLIGE NORDSU | VALUE | SOURCE

Wind Farm type Offshore

Location Il:iatgui;jueo:leS:i456F;'4181". 9" Geodesisystem: WGS84

Number of Turbines 250

Power 3000 MW
Turbine model GE 22a12 CIRCE

Turbine Model Rotor diameter 220m CIRCE
Hub height 138 m CIRCE
Unit Power 12000 kwW CIRCE

Technical Wind Speed 10.5 m/s CIRCE

Weibulldistribution A: Missingk-Missing

Wind Characterization| Direction wind 270°-0 CIRCE
Wind Shear Missing
Turbulence Intensity Missing

Ambient conditions | Air density 1,224 kg/m3 CIRCE

Type of Terrain -
Terrain Roughness -

Site conditions

Bathymetry Missing
Distance to substation | Missing
Visual Distances -
Hub heigh 138m CIRCE
| Noise Distances -
Social Operation mode (dB) | Missing
Flickering Location of the turbine | Area NOW
Permitting Documentation -
Restrictions Documentation -
Permitting Documentation -
Restrictions Documentation -
Environmental Location of the turbine |Area NOW

Sensitivity in vegetatio
or fauna

1
Compensatory measure
Protection measures -
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In the following figure it is shown the location of Sgrlige Nordsjg Il and Utsira is also included as
reference. Sgrlige Nordsjg Il is situated in the middle of the North Sea, between UK, Denmark and
Norway (Figure 47).

Figure 46 Location of Sgrlige Nordsjg Il in the Northsea

Due to the study area being like Utsira, the wind data used are also NORA3 [36], and the turbine selected
is also the same as the previous project, GE 12 MW. The two alternatives studied are shown in Table 35.

e Alternative 1: Utilize the available area for turbine placement by increasing the distances
between turbines. This layout aims to enhance energy production efficiency.

e Alternative 2: Implement a similar approach than in Utsira by dividing the wind farm into three
distinct areas, while leaving corridors for seabirds. In this case, the corridor is less critical since
there are no nearby islands or coasts close to the wind farm.
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Table 35 Layout of the analyzed alternatives - W.F. Sgrlige Nordsja Il project.

Alternative 1 Alternative 2

The cost used in the financial study are the same for the three offshore wind farm analyses. With this
consideration the result of the prize of the energy and the rentability of the project is presented in the
following table:

Table 36 Summary of results — Sgrlige Nordsjg Il Project

SORLIGE NORD&U Energy Yield Assessment 1 Energy Yield Assessment 2

WEESEIS

Power installed (MW) 3000 3000
Power output (GWhly) 14148 14074
Power output (GWh/20 y 281268 279800
LCOE (E/MW) 80 81
IRR (%) 1 1
CAPEX (M£) 15000 15000
OPEX (M£) 7603 7564

Once again, in this project, the marginal improvement achievable by reducing the wake effect between
wind turbines does not justify the associated costs. Moreover, the energy price and project benefits
remain unchanged. Consequently, dividing the area into zones continue to appear as the more favorable
solution.
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4.4. Conclusions

The study has analyzed two or three different layouts in the ten use cases.
The analysis has consisted of:

e Aninitial wind resource analysis including the wind shear, wind speed distribution and wind rose,
the air density and turbulence intensity.

e Using terrain/sea characterization and wind data, a wind model for each site has been generated
using WindPRO or OpenWind application tool.

e Calculation the energy yield assessment according to MEASNET procedure [37] for two
alternative siting scenarios.

e Analise the environmental conditions, the overview area and the social affection reviewing the
visual impact over the citizen.

e Estimate the price, the energy output and the financial result according to a general cost.

The summary of the analysis reveals that:

Spanish Case Studies (Onshore): Generally, wind farms in Spain have medium average wind speeds. They
are in dry terrains that are not important for agriculture and are far from towns. Where the main
challenge is the presence and protection of steppe birds. To address this, the most effective measure is
to increase the distances between turbines. Installation and maintenance costs for wind farms in these
areas are relatively low due to the straightforward terrain, proximity to main roads, and close grid
connections. Consequently, the impact of considering restrictions is not substantial.

Italian Case Studies (Onshore): These medium average wind speeds projects are in natural areas.
Although there is no agriculture, the towns are nearby, and residents can see the turbines. Bird-related
issues are a concern. Installation costs are higher than in Spain due to remote locations and complex
terrain, and any actions taken in these wind farms significantly impact profits.

Greek Case Studies (Onshore - Island): This high wind speed project is in a complex, dry mountain area
with minimal vegetation. It’s close to the sea and a coastal town. Challenges include potential issues
with sea birds and tourism. Costs are higher than on the mainland, making any social or environmental
actions sensitive to the project’s success.

Norway (Offshore): These high wind projects face challenges related to seabirds and bird migration, fish
and marine mammals, and vulnerable benthic communities. To mitigate impact, it’s recommended to
divide the turbines, leaving corridors for animals. Interestingly, this measure doesn’t affect project
profits, making it a sensible choice.

The differences found in the financial items for each project are presented in tables below differencing
if it is onshore or offshore project:
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Table 37 Comparison results onshore wind farms

Wind Farm I il (NN EEA]
onshore Asseessment 1| Assessment 1

(ANEEA)
Assessment 2

g i1

Asseessment 2

CAMPO OLIVA [& 2% -5% 4% -9%
PRIMORAL 6% -11% -4% 8%
MOTILLA 4% -8% 4% -8%
EL CAMPO 0% -1% 1% -4%
BAGALADI 24% -40% 19% -33%
25% -40% 12% -22%
12% -24% 14% -27%

Table 38 Comparison results offshore wind farms

Wind Farm fishore I i(1T \\66\\16 ITIE+7 \\6\\162
HYWIND TAMPEN 1% -3%
UTSIRA 0% -3%
SZRLIGE NORDBI 0% -1%

Table 37 and Table 38 indicate that incorporating environmental and social factors can decrease project
profitability. In some instances, this reduction in profit may even jeopardize the project’s feasibility.
However, there are cases where including these considerations does not impact profitability and can
serve as an alternative approach. Despite potential profit reductions, such considerations are essential
for integrating wind energy into the ecosystem and must be included in project analyses.
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