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THESE DE DOCTORAT

Soutenue a Aix-Marseille Université
le 10 avril 2024 par

Tonio SCHAUB

Reconciling wind energy development with bird
conservation: A comparative study of flight be-
haviour in raptors to understand and mitigate
wind turbine collision risk

Discipline Composition du jury

Sciences de I'environnement Beth SCOTT Rapportrice
Spécialité Professeure, University of Aberdeen, UK
Ecologie Olivier DURIEZ Rapporteur
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University of Groningen Alexandre MILLON Directeur de thése
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. Raymond KLAASSEN Co-encadrant
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Contents lists available at ScienceDirect

Science of the Total Environment

¥4 =

ELSEVIER

journal homepage: www.elsevier.com/locate/scitotenv

i

Effects of wind turbine dimensions on the collision risk of raptors: A
simulation approach based on flight height distributions

Tonio Schaub “”“"| Raymond H.G. Klaassen ““, Caroline De Zutter ", Pascal Albert *,

Olivier Bedotti', Jean-Luc Bourrioux °, Ralph Buij?, Joél Chadceuf , Celia Grande ",

Hubertus Illner ', Jérome Isambert’, Kjell Janssens ***, Eike Julius', Simon Lee ™",

Aymeric Mionnet°, Gerard Miiskens ", Rainer Raab ! Stef van Rijn “, Judy Shamoun-Baranes’,
Geert Spanoghe 1‘, Benoit Van Hecke “, Jonas Waldenstrom °, Alexandre Millon ™

En particulier les
resultats publiés dans
le journal Science of
the Total Environment.

THESE DE DOCTORAT

Soutenue a Aix-Marseille Université
le 10 avril 2024 par

Tonio SCHAUB

Reconciling wind energy development with bird
conservation: A comparative study of flight be-
haviour in raptors to understand and mitigate

wind turbine collision risk
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Effects of wind turbine dimensions on the collision risk of raptors: A

simulation approach based on flight height distributions
Tonio Schaub ™", Raymond H.G. Klaassen ““, Caroline De Zutter ", Pascal Albert ®,

Olivier Bedotti ‘_, Jean-Luc Bourrioux °, Ralph Buij?, Joél Chadceuf °, Celia Grande ",

Hubertus Illner’, Jérome Isambert’, Kjell Janssens ***, Eike Julius', Simon Lee ™",

Aymeric Mionnet °, Gerard Miiskens ”, Rainer Raab', Stef van Rijn ?, Judy Shamoun-Baranes’,

Geert Spanoghe “, Benoit Van Hecke °, Jonas Waldenstrom °, Alexandre Millon **
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5 of wind turbine dimensions on the collision
aptors: a simulation approach based on flight

jymond H. G. Klaassen®4, Caroline De Zutter®, Pascal Albert®, Olvier Bedott®, Jean-Luc Bourriowd®, Ralph Bui)’, Joil Chadaut®, Celia Grande®,
Jérdme Isamben®, Kjell Janssens®™, Eike Julus™®, Simon Lee™ ™, Aymeric Mionnet™, Gerard Miskens'®, Rainer Raab™, Stef van Rijn"’,
Judy Shamoun-Baranes™, Geert Spanoghe™, Benoit Van Hecke®, Jonas Waldenstrom™ & Alexandre Milion™*

METHODS

275 GPS-taggied individuals of
six raptor species in 15 study
areas In FR, BE, LU, NL, DE ana SE

High-trequency GPS tracking 10
obtain sccurate fight height data
(6,126 h of HF flight tracks )
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Pour ce faire, I'équipe du projet souhaite explorer un ensemble de mesures visant a éviter le risque de O

collision par une réflexion pré-implantation concernant le choix des sites et les dimensions des O
machines, mais aussi a réduire ce risque par des mesures post-implantation impliquant une stratégie de O
bridage des machines.

“Nous sommes en effet convaincus que la solution passe par la mise en place d'un ensemble de
mesures, adaptées a la communauté d'oiseaux présente dans un environnement donné, plutét que par
la recherche d'une mesure unique applicable partout.”

A
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LA FONDATION LA FRB EN ACTION

Impact des énergies renouvelables sur la
biodiversité

Ce programme de financement de projets de recherche porté par la Fondation pour la
recherche sur la biodiversité et le Mirova Research Center vise a mieux évaluer I'impact des
énergies renouvelables sur la biodiversité et a produire des recommandations opérationnelles
sur de meilleures pratiques a destination des acteurs de la filiére.

Le programme de recherche sur les “Impact des énergies renouvelables sur la biodiversité” a pour
ambition d'identifier les connaissances scientifiques actuelles sur les impacts des infrastructures de
production d'énergie renouvelable sur la biodiversité, a travers, les cinq grands facteurs de perte de
biodiversité identifiés par l'pbes, la plateforme intergouvernementale scientifique et politique sur la
biodiversité et les services écosystémiques. Ces facteurs sont le changement d'occupation des sols,
I'exploitation des espéces, les pollutions, le changement climatique et les espéces exotiques
envahissantes. Les impacts de ces infrastructures surviennent a différentes échelles, que cela soit au
niveau de lindividu (perturbations, blessures ou mort), des populations, des espéces, des communautés
ou des écosystémes.

Ce programme a pour ambition :

» D'améliorer la compréhension des impacts des infrastructures de production d'énergie éolienne,
tant terrestres que marines, sur la biodiversité. Cela inclut la quantification de ces impacts,
I'exploration de solutions d'évitement, de réduction et de compensation, ainsi que I'établissement de
recommandations pratiques destinées aux acteurs de la filiére éolienne.

» De mettre en lumiére les pratiques bénéfiques tout en identifiant et en abandonnant celles qui sont
nuisibles.

 De fournir des recommandations opérationnelles basées sur des données scientifiques solides afin
de favoriser des méthodes de développement et d'exploitation optimales pour les infrastructures de
production d'énergie renouvelable.

LES ENJEUX DE LA BIODIVERSITE

CNGIC

Institut méditerranéen de biodiversité
et d'écologie - marine et continentale -

—-'""" _—
L . _-'_‘
ab Crigen

RESEARCH & INNOVATION

PUBLICATIONS

avec le soutien de
® 4 mirova
§ rescarch

center

PROJET EN COURS DEPUIS 2024

Eolrap

Modéliser les comportements de vol des rapaces pour améliorer I'évitement et réduire le risque
de collision avec les éoliennes.

Le projet Eolrap vise a réduire l'impact du développement des
infrastructures éoliennes sur les rapaces diurnes, identifiés
parmi les espéces d'oiseau les plus vulnérables. Pour cela, le
projet prévoit :

* de développer une application dédiée aux développeurs
éoliens et aux autorités environnementales qui permet
d'identifier la distribution spatiale et les dimensions des
éoliennes qui minimisent le risque de collision, en fonction
des espéces présentes dans une zone donnée, en s'appuyant
sur la modélisation des comportements de vol obtenus via
tracking GPS.

 d'évaluer les colts, soit la réduction de la production d'énergie, et les bénéfices, soit la réduction
des collisions, de stratégies d'arrét des éoliennes a des périodes (calendaire, journaliére, météo-
dépendante) concentrant le vol des rapaces a hauteur des pales.

Le projet Eolrap s'appuie sur les travaux de thése de Tonio Schaub “Towards ecologically sustainable
renewable energy production : Using detailed information on bird flight and ranging behaviour to mitigate the
impact of wind farm development on bird populations”.

La France compte actuellement quelque 9 000 éoliennes produisant 8 % de la consommation d'énergie
du pays. En 2020, le Ministére de la Transition écologique et solidaire annoncé que l'objectif de la France
était de doubler cette capacité d'ici a 2028. Le développement de la production d'énergie éolienne
induira de facto I'augmentation des collisions avec l'avifaune. La collaboration tri-partite du projet
Eolrap, entre un énergéticien et deux universités, a pour ambition de limiter cet impact supplémentaire
a son strict minimum.

LES CHERCHEURS

Porteur principal :
Alexandre MILLON - Aix-
Marseille Université, Imbe
(France)

Co-porteuse :
Caroline De ZUTTER- Engie
Lab Crigen (France)

Le projet Eolrap sera mené
par le post-doctorant Tonio
SCHAUB, en collaboration
avec Raymond KLAASSEN,
spécialiste du vol des oiseaux,
de I'Université de Groningen
aux Pays-Bas.

LE PROJET

Le projet Eolrap est issu de
Iappel Impact des énergies
éoliennes. En partenariat avec
Mirova Foundation, cet appel
vise a mieux évaluer limpact
des énergies renouvelables
sur la biodiversité et produire
des recommandations
opérationnelles pour de
meilleures pratiques a
destination des acteurs de la
filiere.
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Eolrap - Wind Turbine Dimensions

Wind4Birds

M | Select Species: Custom - Results & Export o CSV
Bird Data
Flight Height Distribution Erowse..
[1] "Mo File uploaded yet. Please upload a .=t File.”
Relationship Flight Speed Height Browse.
[1] "Mo file uploaded yet. Please upload a .txt $ile.”
Body Length {m} * 0.5 a
Wingspan: * a
Flight Mode * Gliding T e
Scenarios Dielztz Scenario Add Seznaria

scenanio_1
Ground clearance (m) * 10
Rotor diameter (m) * 100
Maximum tip height {m) 10
Number of turbines * 5

Rotation speed (RPM) *

Elade width (m) *

&

Rated power [MW) *

Annual energy production (GWh,

optional) e
Annual aperation time [h, optional)

Elade profile file w Use Defaul Fils Custom File

Flight speed (m/s) * [ e

Launch calculation
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Eolrap - Wind Turbine Dimensions

Select Species: Custom -
Bird Data
Flight Height Distribution Erowse..

[1] "Mo File uploaded yet. Please upload a .=t File.”

Relationship Flight Speed Height Browse...
[1] "Mo file uploaded yet. Please upload a .txt $ile.”
Body Length (m) * 0.5 a
Wingspan: * a
Flight Mode * Gliding T8
Scenarios Oe Add Seznaria
SCENano_
Ground clearance (m) * 10 a
Rotor diameter (m) * 100 a
Maximum tip height {m) 10 a2
Number of turbines * 5 a
Rotation speed (RFM) * a
Blade width (m) * 3785136204208 8
Rated power (MW) = a
Annual energy production (GWh,
optional) e
Annual aperation time [h, optional)
Elade profile file w Use Defaul Fils Custom File
Flight speed (m/s) * 8 a
Launch calculation

Results

& Export to CSV

11
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Eolrap - Wind Turbine Dimensions

Select Species:

Bird Data

Flight Height Distribution

[1] ™Mo File uploaded yet. Please upload a .txt File."

Relationship Flight Speed Height

[1] "Me file uplosded yet. Please upload a .txt file.”

Body Length {m} *

Wingspan: *

Flight Mode *

Scenarios

Ground clearance (m) *

Rotor diameter (m) *

Maximum tip height {m)

Number of turbines *

Rotation speed (RPM) *

Elade width (m) *

Rated power [MW) *

Annual energy production (GWh,
optional)

Annual aperation time [h, optional)
Elade profile file

Flight speed (m/s) *

Erowse...

Erowze...

Gliding

11,80006787525

3,7051186204208

2,23100887475150

@ Use Defaul File

8

Custem File

Dalzte Scenario

[1]
[2]
[3]
[4]

[1]
[4]
[7]
[18]
[13]

Select Species:

Bird Data

lellheight\ﬂ s \lllﬁl‘\lﬂ s \IIRZ\H s \lIR3\lIJ "\‘.ﬂRd-'\'.llJ "|“1IR5'|\'.IIJ \“RG\'IJ ‘\lﬂ R?\IIJ \" RE\I.IIJ \FIRB\E
"0,0.00344837716370137,0.00364865279500655, 0 . 0684060521446337913,6.060315818
"1,0.00406416708297611,0.00426669705749565,0.008466036186922995,0.00373738

Red Kite

e

"2,0.804713851087564733,0.00480759536948965,0.0805352077395743,0.0044017185 .,

"\"mean_ground speed)
"¥.57343954883399"
"8.15868280235877"
"8.61877158583236"
"8.88886070526696"

Body Length (m) *

Wingspan: *

Flight Mode *

.75519845482365"
.77285876971577"
.34431887672573"
.7283683728929"

.98817457766349"

0,66

1,57

Gliding

"7.26172184723346"
"7.96@483380852847"
"8.46753195139934"
"8.79871792758187"
"9.84696263179823"

T

e © ©
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Eolrap - Wind Turbine Dimensions

Select Species:

Bird Data

Flight Height Distribution

[1] ™Mo File uploaded yet. Please upload a .txt File."

Relationship Flight Speed Height

[1] "Me file uplosded yet. Please upload a .txt file.”

Body Length {m} *

Wingspan: *

Flight Mode *

Scenarios

Ground clearance (m) *

Rotor diameter (m) *

Maximum tip height {m)

Number of turbines *

Rotation speed (RPM) *

Elade width (m) *

Rated power [MW) *

Annual energy production (GWh,
optional)

Annual aperation time [h, optional)
Elade profile file

Flight speed (m/s) *

Erowse...

Erowze...

Gliding

11,80006787525

3,7051186204208

2,23100887475150

@ Use Defaul File

8

Custem File

Dalzte Scenario

Select Species:

Bird Data

Red Kite

fa)
[1] "\"height\”J\ﬁl"ﬂl\”)\l.lﬁz\”J1\1”R31\"J1\“R4‘\"J\“RS'\"J\”RG\"J'\l”R?\“J\"RE\“J\"Rg\\
[2] "8,0.80344837716370137,0.00364865279560655,0.00400521446337913,0.68315818
[3] "1,0.00406440708297611,0.00426669705749565,0.00466036106922995,0.08373738
[4] "2,6.88471385187584733,0.080486759536948965,6.005352877395743,0.0844617165
L4 >
Fa)
[1] "\ "mean_ ground speed\™" "6.75519845482365" "7.26172184723346"
[4] “7.573439540883399" "7.77285876971577" "7.96848338052847"
[7] "8.15868288235877" "8.34431887672573" "8.46753195139934"

[18] "8.61877158583236" "8.7203683728929" "8.79871792758187"

[13] “"8.88886070526696" "8.98817457766349" "9.04696263179823" v
Body Length (m) * 0,66 (; ]
Wingspan: * 1,57 ;]
Flight Mode * Gliding ;]




Eolrap - Wind Turbine Dimensions

Select Species: Custom
M 0O d u I e 1 Select Species: Red Kite -
Bird Data
Flight Height Distribution Browse...
[1] "Mo File uploaded yet. Please upload a .=t File.”
Bird Data
Relationship Flight Speed Height Erowse...
[1] "Mo file uploaded yet. Please upload a .txt File.”
fa)
- - - [1] "\"height\”J\ﬁluﬂl\ﬂ)\.IR2\1IJ1\‘|IR3\"J1\“R4‘\"J\HRE'\"J\”RG\"J\“R?\,‘"J\"RE'\"J\"RB\E
Montagu’s Harrier Hen Harrier Marsh Harrier _ [2] "0,0.00344837716370137,0.00364865279500655,0.00400521449337913,0.00315818
@) _ - (@) : ! 7 @) : [3] "1,0.00406440708297611,0.00426669705749565,0.00466036106922995,0.08373738
13
£ ¢ 0 = ; 1 F ; [4] "2,0.00471385107504733,0.00480759536948965,0.005352077395743,0.0044017105 .,
77' - .77-——;. < 3
505, - gme T
|:| S‘L g D > = &
[1] "\ "mean_ ground speed\™" "6.75519845482365" "7.26172184723346"
: S 7 T 7 S [4] "7.57343954983399" "7.77285876971577" "7.96048338052847"
S LS| P D | ’ R [7] "8.15868280235877" "8.34431087672573" "8.46753195139934"
' _ ' ' [18] "8.61877158583236" "8.7203683728929" "8.79871792758187"
Common Buzzard | Red Kite | Short-toed Eagle [13] "8.88886070526696" "8 .98817457766349" "9 @4696263179823" v
@ @ ©
Body Length (m) * 0,66 [ ]
Wingspan: * 1,57 ;]
‘ P 7 P Flight Mode * Gliding N : |
O 1;? i
e 14
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Eolrap - Wind Turbine Dimensions

Height above ground (m)

Height above ground (m)

CNGIiC

150 200 250 300

50 100

0

150 200 250 300

50 100

0

Select Species: Custom
Bird Data
Flight Height Distribution Browse...
[L1] "Mo file uploaded yet. Please upload a .txt File.”
Relationship Flight Speed Height Erowse...
[1] "Mo file uploaded yet. Please upload a .txt File.”
Montagu's Harrier Hen Harrier Marsh Harrier
] n=>54 ] n=21 i n=19
| —— -— - -—— L;
= = f_.—-rﬂ
T T T T T T T T T T T T T T T T T T
Common Buzzard Red Kite Short-toed Eagle
i n=15 i n=70 | n=2
. + . \ . ? 4
,\ s - ) ?
I T ! T T T T T T T T T T T T T T T T
0 10 20 30 40 50 60 8§ O 10 20 30 40 50 60 &S O 10 20 30 40 50 60
Prop. of positions (%) = é Prop. of positions (%) = g Prop. of positions (%)

Lab Crigen

RESEARCH & INNOVATION

— -

Median

Select Species:

Bird Data

Red Kite

[1] "\"height\",\"R1\",\"R2\",\"R3\",\"R4\", \"R5\", \"R6\", \"R7\", \"R8\", \"RO\
[2] "6,0.80344837716370137,0.00364865275500655,0.00400521446337913,0.060315818
[3] "1,0.00406440708297611,0.00426669705749565,0.00466036106922995,0.00373738
[4] "2,0.004713851075064733,0.00480759536948965,0.005352077395743,0.0044017185 .,

T

>

[1] "\ "mean_ ground speed\™" "6.75519845482365" "7.26172184723346"
[4] “7.573439540883399" "7.77285876971577" "7.96848338052847"
[7] "8.15868288235877" "8.34431887672573" "8.46753195139934"

[18] "8.61877158583236" "8.7203683728929" "8.79871792758187"

[13] “"8.88886070526696" "8.98817457766349" "9.04696263179823" v
Body Length (m) * 0,66 (; ]
Wingspan: * 1,57 ;]
Flight Mode * Gliding ;]

15



Eolrap - Wind Turbine Dimensions

Wind4Birds

M | Select Species: Custom - Results & Export o CSV
Bird Data
Flight Height Distribution Browse..
[1] "Mo File uploaded yet. Please upload a .=t File.”

Relationship Flight Speed Height Browse...
[1] "Mo file uploaded yet. Please upload a .txt $ile.”
Body Length (m) * 0.5 a
Wingspan: * a
Flight Mode * Gliding T8
Scenarios Oe Add Seznaria
SCENano_
Ground clearance (m) * 10 a
Rotor diameter (m) * 100 a
Maximum tip height {m) 10 a2
Number of turbines * 5 a
Rotation speed (RFM) * a
Blade width (m) * 3785136204208 8
Rated power (MW) = a
Annual energy production (GWh,
optional) e
Annual aperation time [h, optional)
Elade profile file w Use Defaul Fils Custom File
Flight speed (m/s) * 8 a
Launch calculation

P 16
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Wind4Birds
Module 1

eNGie Lab Crigen

Select Species:

Bird Data

Flight Height Distribution

Eolrap - Wind Turbine Dimensions

Custom

Erowse...

[1] ™Mo File uploaded yet. Please upload a .txt File."

Relationship Flight Speed Height

Erowze...

[1] "Me file uplosded yet. Please upload a .txt file.”

Body Length {m} *

Wingspan: *

Flight Mode *

Scenarios

scenanio_1 scenario_2

Ground clearance (m) *

Rotor diameter (m) *

Maximum tip height {m)

Number of turbines *

Rotation speed (RPM) *

Elade width (m) *

Rated power [MW) *

Annual energy production (GWh,

optional)

Annual aperation time [h, optional)

Elade profile file

Flight speed (m/s) *

05

1

Gliding

Dalzte Scenario Add Scg

110

L}

11,80006787525

3,7051186204208

2,23100887475150

@ Use Defaul File Custem File

8

Launch cakcula

Scenarios Delete Scenario Add Scenario
scenaro_1 scenario_2 scenarno_3

Ground clearance (m) * 80 i

Rotor diameter (m) * 150 ¢

Maximum tip height (m) 230

Number of turbines * 3 o

Rotation speed (RPM) * 7,7171397051204 >

Blade width (m) * 4,18154063826314 <

Rated power (MW) * 4,29454337386609 =

Annual energy production (GWh,

optional) 28 v

Annual operation time (h, optional) 6500 >

Blade profile file @ Use Default File () Custom File

Flight speed (m/s) * 9,02510033472741 v

Launch calculation




Wind4Birds
Module 1

Eolrap - Wind Turbine Dimensions

Select Species:

Bird Data

MoH HH MaH CB RK STE
©
3 = /‘_/f - N
X o / <
O < _\ _\ _\ IR
g » N N N A\ A\ #’,
= o N
© = = N ~
23 N N A
o = =SSN - : - : -
o
C)- T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
20 60 100 20 60 100 20 60 100 20 60 100 20 60 100 20 60 100
Ground clearance (m)
s
Q \ | | ; TN
E- < ; ‘ ! | ll ! l,J \\
™~ \ |
()] | \ ! |
o l.“l\\ '.”|\\_- “f\_\ “\,,\ 1‘,\\-‘ |,,
E A "\\_ A \\ W \_\ \/ -\\ 1 \\ l\/\
O S _}’\ S _\’\ ~ - _Y’k ~ _Ylt, S ~ - _s((
. ~ \ - ~ !
2 "\\_ﬁ_ "‘\_‘_ "\\__ M b I
T 5 "I T-o- T —~- T---
o) o T T T T T T T T T T T T
o 50 100 150 50 100 150 50 100 150 50 100 150 50 100 150 50 100 150
Rotor diameter (m)
Rated power (MW) * 233100587475159
Annual energy production (GWh,
optional)
Annual aperation time [h, optional)
Elade profile file w Use Default Fils Custom File
Flight speed (m/s) * [
Launch cakcula
e
eNGie Lab Crigen

Flight Height Distribution

Custom

Erowse...

nnnnnnnnnnnnnnnnnnn

Scenarios

scenaro_1 scenario_2 scenarno_3
Ground clearance (m) * 80
Rotor diameter (m) * 150
Maximum tip height (m) 230
Number of turbines * 3

Rotation speed (RPM) *

Blade width (m) *

Rated power (MW) *

Annual energy production (GWh,
optional)

Annual operation time (h, optional)

Blade profile file

Flight speed (m/s) *

7,7171397051204

4,18154063826314

4,29454337386609

28

6500

@ Use Default File

9,02510033472741

Delete Scenario

() Custom File

Launch calculation

L

<2

L

L

L

<2

<2

L

<2

Add Scenario




Wind4Birds Module 1

Eolrap - Wind Turbine Dimensions

Select Species:

Bird Data

Red Kite

Results

i

i

&, Export to C5V

. .
% 3 g H
~ S
[1] "\"heighty ™, A RLIL™ A TR2A " VR A TR L VRS L A TREN T, VTR VTRBL L VTR, VTRIEN T, VTRIDNT, VRN T, VRIS T, VR4 T, AR 2 5 2
[2] "8,8.00344837716378137,0.00364865279500655,0. PR400521440337913,0. 90315818048514119, 8. 8364203912 762059, 0. 0036000893630 =
[3] "1,0.00485440786297611,0. 004 26669705749565,0. BR466036106922995 0. 003737 38862478565, 0. 8842424949803 7587, 8. 0042550552442 E 3
[47 "% & GRATHSSEIATEAATII & SA4OATEACISAAGASE 4 AAEIEAATINALTAS & AAAASITIACAAEESAT A AAASIIIAAIAIAAIAS 4 ASAGAASIAGYAZST
£ > E E -
2 1 2 3
Sommarios S
Py Collislon risk per MW Colision risk per Gwh
[1] "\"mean_ground_speesd\”" "6.75519845482385" "7.26172184723346"
[4] "7.57343054083309" "7.77265876071577" "7.06B4E33RO52847" .
[7] "B.15868280235877" "8.34431887672573" "8.46753195139934" -
[18] "&.61ET7158583236" "8.7203683728029" "R.TORT1TO2TSR1RT" = ° .
1131 "&.88EEEE7E526696" "8.98817457766349" "9, B4696263179823" hd ; - 3
[ 3
Body Length (m) * 0,66 I - e £
g - g
Wingspan: * 1,57 v 2
Flight Mode * Gliding v~ 9 ) :
Sommarios
Saagel xSaagell
Scenarios Delete Scenario Add Scenario g -
E 5 g
B E
g 8 g
® =
scenarnio_1 scenario_2 scenario_3 E g E
H
: i :
2 z z
Ground clearance (m) * a0 = [: ] 2
Rotor diameter (m) * 150 = [ ]
S
Maximum tip height (m) 230 [ ]
Number of turbines * 3 N : |
Rotation speed (RPM) * 7,7171397051204 S : ]
Blade width {m) * 4 18154063526314 - [: ]
Rated power (MW) * 4,29454337386609 9

CNGIC

Lab Crigen

RESEARCH & INNOVATION



Wind4Birds Module 1

Eolrap - Wind Turbine Dimensions

Select Species:

Bird Data

[11
[2] "8,8.08344837716370137, 0. 0036480527 9508655,0. PRAOR521449337915, 0. 00315816940514119, 8. 8a364203912 762089, 0. 9R300B0A9EE 30
[3] "1,0.004864487085297611,9.88426669705749565,8. PRA6EA361A6922995 , 0. A83737 3688624 78565, 0. B9424249490037587 , 8. 9842558552442
FA1 "% A AAATHISEAATEAATII 4 SAAGATEAEISAAGAZE & AAEIEAATISAETAD & AAAAATTIAEAAEESAT A AAAGIIIAG1AEAATA0 4 ASAGAASIAGAALET
< >
~
[1] "\"mean_ground_speesd\”" "6.75519845482385" "7.26172184723345™
[4] "7.57343954B83309" " . T7IRERTEOTIET " "7 9EBAR3IIRASIR4T"
[7] "B.1586828R235877" "8.34431887672573" "8.46753195139934"

[18] "&.61KT77158583236" "8.7283683738929" "B.TORT1TO2TSRIRT"

1131 "E.88EEGETE526696" "8.98817457766349" "9.84696263179823" bnd
Body Length (m) * 0,66 S )
Wingspan: * 157 ~
Flight Mode * Gliding - [ ]
Scenarios Delete Scenario Add Scenario

scenarnio_1 scenario_2 scenario_3
Ground clearance (m) * a0 = [ ]
Rotor diameter (m) * 150 - ;]
Maximum tip height (m) 230 [: ]
Number of turbines * 3 ~ [ ]
Rotation speed (RPM) * 7, 7171397051204 v [: ]
Blade width {m) * 4,18154063826314 S |
Rated power (MW) * 4,28454337386609 + [ ]

Red Kite

-~
"ATheighth ", VTRIATL TR TR VTR A TRSA T VT RET S VTR VT REL T ATRIVT W TRIEN T, AVTRIIN T, W TRIZN T, VTRV, VR4, AR

Results

i
'

Felative CAI

an

Collislon risk per MW

Felatie CFI pa lurting

Lt}
L

Felative ORI por MW

Falive CA sy OwH

&, Export to C5V

Saagel xSaagell

Fefative number of robor crossings

Flelalive collsbn ol per ol crssing

Fetative murmber of colisions (A

eNGie Lab Crigen



Wind4Birds Module 1

Results

Total collision risk Collision risk per turbine

Redative CRI
Relative GRI per turbine

Redative CRI per MW
Redative CRI per GwH




Wind4Birds Module 1

Eolrap - Wind Turbine Dimensions

Select Species:

Red Kite

Results

&, Export to C5V

Bird Data - -
. £
HE g H
A o
[1] "\"heighth™, V'RIAT,ATRZL" AR A RAL" VRS A TREA " ARV S A TREA " A TRIVT W TR1EY ", AV TRIIN T, WTRI2Y T W TRV, VR4 LA R 2 2 5 2
[2] "8,8.08344837716370137, 0. 0036480527 9508655,0. PRAOR521449337915, 0. 00315816940514119, 8. 8a364203912 762089, 0. 9R300B0A9EE 30 =
[3] "1,0.004864487085297611,9.88426669705749565,8. PRA6EA361A6922995 , 0. A83737 3688624 78565, 0. B9424249490037587 , 8. 9842558552442 E 3
FA1 "% A AAATHISEAATEAATII 4 SAAGATEAEISAAGAZE & AAEIEAATISAETAD & AAAAATTIAEAAEESAT A AAAGIIIAG1AEAATA0 4 ASAGAASIAGAALET
< > E E 8
2 1 2 3
Sommarios S
A Collision risk per MW Collision risk per GwH
[1] "\"mean_ground_speesd\”" "6.75519845482385" "7.26172184723345™
[4] "7.57343954B83309" " . T7IRERTEOTIET " "7 9EBAR3IIRASIR4T" -
[7] "B.1586828R235877" "8.34431887672573" "8.46753195139934" -
[18] "&.61KT77158583236" "8.7283683738929" "B.TORT1TO2TSRIRT" . ° =
1131 "E.88EEGETE526696" "8.98817457766349" "9.84696263179823" bnd i - ;
[ 3
Body Length (m) * 0,66 : e % . :
= i
Wingspan: * 1,57 v 2
Flight Mode * Gliding - 8 = B
Sommarios
Saagel xSaagell
Scenarios Delete Scenario Add Scenario g .
i * :
i £
8 2 §
scenarnio_1 scenario_2 scenario_3 é g E
H
: - £
2 z z
Ground clearance (m) * a0 = [ ] i
Rotor diameter (m) * 150 - ;]
S
Maximum tip height (m) 230 [: ]
Number of turbines * 3 ~ [ ]
Rotation speed (RPM) * 7, 7171397051204 v [: ]
Blade width {m) * 4,151540835826314 v [: ]
Rated power (MW) * 4,28454337386609 + [ ]
= =
n
CNGIC L



Wind4Birds Module 1

Redative numiber of rotor crossings

Relative colision probebidlity per rotor crossing

0.8 1.0
|

0.6

0.4

0.2

0.0

Relative numier of collisions (CRI}

Stage | x Stage ll




300

200

Height a.g.l. (m)

100

CNGIC

Module 1

Flight height Wind turbine
distribution + dimensions
©
®
=
8
>“§ 5
(]
°
oc
)
& tgd
c C
=5 ©
O
] log
Vertical overlap

(between flight height
distribution and rotor
height range)

Lab Crigen
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Wind turbine locations

Module 2

Home range

-

(@)
\ = g\%\ .
NT A "

Horizontal overlap
(between home range and
wind farm footprint based on
nest-turbine distances)

24



Eolrap - Wind Turbine Location

Wind4Birds

| Select Species: Custom - Results
Bird Data
Time | distance matrix for female Erowse.. -]
[1] "Mo file uploaded - Please upload a .csw file.”
Time [ distance matrix for male Browse.. a
[1] "Mo file uploade . Please upload a
Nest locations Browse.. e
Mo upleaded yet. Please uplead a _Ext File.

Scenarios Diglate Scenario Add Scenario

Wind turbines location Erowse.. e

Launch cakulation

/M 25
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Eolrap - Wind Turbine Location

Wind4Birds

M | Select Species: Custom - Results
Bird Data
Time [ distance matrix for female Browse... a
[1] "Mo file uploaded yet. Please upload a .csv File.”

Time [ distance matrix for male Erowse.. [
[1] "Mo file uploaded yet. Please upload a
Nest locations Browse. . 1]
Mo file uploaded yet. Please uplead a .txt file.
Scenarios Diglate Scenario Add Scenario
scenaric_1

Wind turbines location Browze.. e

No date available

Launch cakulation

_a—— 26
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Eolrap - Wind Turbine Location

Wind4Bird
I n I r S soent Spacies — Select Species: Red Kite —
Module 2
Bird Data
Time [ distance matrix for female Browse. ..
[1) "Mo file uploaded yet. Please upload a .csw File.” B”.d DE’[E
Time [ distance matrix for male Browse...
[1] "Mo file uploaded yet. Please uplnad a .csv File.” A
[1] "\"RI\",\"R2\",\"R3\", \"RA\", \"R5\" , \"R6Y ", \"R7\ ", \ "RB\ ", \ "RO\ ", \"R16\ ™, \"
[2] "1.366433724360859,1.31799825472951,1.61380236792303,1.27204937449428,1.336
Nest locations Brouze. [3] "©.230105839810274,0.247295247418451,0.229570671728722,0.214119005691438,0
No File uploaded yet. Plesse uplosd & txt File. [4] "©.115252975591184,0.121642373765907,0.100530446363834,0.112414382922946,0
£ >
~
[1] "\"RIV",\"R2\", \ "R3BV, \"RAN™, \ RS\, \"RE\ ", \"R7\ ™, \"RB\ ", \"RO\™, \"R16\ ", \
Scenarios Delete Scenaria | | 4 [2] "©.325920360089739,0.336484396169372,0.344046579005981,0.3766536462035,0.3
[3] "0.101295793366702,0.111763215115198,0.116393720517159,0.123838401116662,0
ccenam_| || seemerm 2 [4] "8.8662312418153515,0.0670911602215712,0.0725248623145165,0.07925318829182 .,
Wind turbines lecation Browse... £ >
No data avallable
Nest locations Browse. ;]
Location Longitude , Latitude
Location 1 6.931543 , 53.307126
Launch Location 2 6.961100 , 53.296491
Location 3 6.983840 , 53.265292
Location 4 6.938467 , 53.261620
Location 5 7.807951 , 53.283989
Location 6 6.951100 , 53.308673
. 27
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Eolrap - Wind Turbine Location

Wind4Bird
I n I r S soent Spacies — Select Species: Red Kite —
Module 2
Bird Data
Time [ distance matrix for female Browse. ..
[1) "Mo file uploaded yet. Please upload a .csw File.” B”.d DE’[E
Time [ distance matrix for male Browse...
[1] "Mo file uploaded yet. Please uplnad a .csv File.” A
[1] "\"RI\",\"R2\",\"R3\", \"RA\", \"R5\" , \"R6Y ", \"R7\ ", \ "RB\ ", \ "RO\ ", \"R16\ ™, \"
[2] "1.366433724360859,1.31799825472951,1.61380236792303,1.27204937449428,1.336
Nest locations Brouze. [3] "©.230105839810274,0.247295247418451,0.229570671728722,0.214119005691438,0
No File uploaded yet. Plesse uplosd & txt File. [4] "©.115252975591184,0.121642373765907,0.100530446363834,0.112414382922946,0
£ >
~
[1] "\"R1\",\"R2\",\"R3\",\"R4\",\"R5\",\"R6\", \"R7\", \"R8\", \"RO\", \"R10\ ", \"
Scenarios Delete Scenaria | | 4 [2] "©.325920360089739,0.336484396169372,0.344046579005981,0.3766536462035,0.3
[3] "0.101295793366702,0.111763215115198,0.116393720517159,0.123838401116662,0
ccenam_| || seemerm 2 [4] "8.8662312418153515,0.0670911602215712,0.0725248623145165,0.07925318829182 .,
Wind turbines lecation Browse... £ >
No data avallable
Nest locations Browse. ;]
Location Longitude , Latitude
Location 1 6.931543 , 53.307126
Launch Location 2 6.961100 , 53.296491
Location 3 6.983840 , 53.265292
Location 4 6.938467 , 53.261620
Location 5 7.807951 , 53.283989
Location 6 6.951100 , 53.308673
_— 28
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Eolrap - Wind Turbine Location

Select Species: Red Kite —
Module 2 3 Q a
0
(o]
o Bird Data
QN H
! — Mo
€ o
~x © 4 — HH
‘T - MaH n mn " n 11} m 11} " 11} L 11} m n m n 11} n n n n 11} " .
T o — CB [1] "\"RIN",\"R2\", \"R3\", \"RAN", \"RSN" ARG, N "R7A ", AV "RB\ ", \"ROV , \"R1O\ ™,
c v RK [2] "1.36643372436059,1.31799825472951,1.61380236792303,1.27204937449428,1.336
S o STE [3] "0.230105839810274,0.247295247418451,0.229570671728722,0.214119805691438,0
© [4] "©8.115252975591184,0.121642373765907,0.100530446363834,0.112414382922946,0
o < >
o © - I T
{ -
@
%
=2 A
.9 [1] II\.IRl\'HJ\lle\llj\||R3\IIJ\'HR&\'IJ\'HRS\\'IJ\'"RE\""J\\'"R?\IIJ\'IRE'\‘IIJ\lle\ll,\"Rla\\llJ\1l
2 ) [2] "©.325920360089739,0.336484396169372,0.344046579605981,0. 3766536462035 ,0.3
X Q- [3] "0.101295793366702,0.111763215115198,0.116393720517159,08.123838401116662,0
= [4] "0.0662312410153515,0.8670911602215712,0.0725246623145165,0.07925318829182
o ] < >
QO o |
E A Nest locations Browse. o
= ]
o Location Longitude , Latitude
-] Location 1 6.931543 , 53.307126
i Location 2 6.961100 , 53.296491
Location 3 6.983840 , 53.265292
© ' Location 4 6.938467 , 53.261620
0 1 2 3 4 S Lre=f = 7.087951 , 53.283989
Distance from nest (km) Location 6 6.951100 , 53.308673
_— 29
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Eolrap - Wind Turbine Location

Wind4Birds

| Select Species: Custom - Results
Bird Data
Time | distance matrix for female Erowse.. -]
[1] "Mo file uploaded yet. Please upload a .csv File.”
Time [ distance matrix for male Browse.. a
[1] "Mo file uploade . Please upload a
Nest locations Browse.. e
Mo file uploaded yet. Please uplead a .txt file.

Scenarios Diglate Scenario Add Scenario

scenaric_1

Wind turbines location Browze.. e

No date available

Launch cakulation

CNGIC  ibien



Eolrap - Wind Turbine Location

M d I 2 Setect Species: - Scenarios Delete Scenario Add Scenario
Bird Data
Time [ distance matrix for female Browse. ..
[1] Mo File uplossed yet. Please upload a .csv ile." scenario_1 scenario_2
Wind turbines location Browse_ ;]
Time [ distance matrix for male Browse. ..
[1] Mo file uploaded yet. Please uploasd a .csw File.” oy
Location Longitude , Latitude
Location 1 6.978186 , 53.289920
e S Location 2 6.982075 , 53.288988
B Location 3 6.977125 , 53.286000
Location 4 6.981084 , 53.285256
Location 5§ 6.9759086 , 53.281111
Location 6 6.979645 , 53.280489
Location 7 6.974987 , 53.277392 >
Scenarios
scenario_1 scenario_2
Wind turbines location Browse...
R Launch calculation

Launch cakulation

_—— 31
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Wind4Birds Module 2

Eolrap - Wind Turbine Location

Select Species: Red Kite v

Bird Data

P
[1] "W"RIN",A"RZAT,ATRINT,N"RAN"  WTREN ", W REN ", WRZA™ , W RBA , W "RIN ", WU RIEN ", W RIIN", W RI24 ", W RI3N ", \"R14\", )
[2] "1.36643372436859,1.31799825472951,1.61380236792363,1. 272084937449428,1.33618818585296,1 . 14682453654996, 1.
[3] "@.230165839518274,8.247295247418451,8. 229578671728722,0. 2141190856914 38 ,0. 232487824944609, 8, 2145884552 2¢

41 "@.115252975591184.9.121642373765967 .0.180530446363534 .8. 112414382922946 .9, 188474284693799.0. 11519877988 ¥
< >

A
[11 "W RIW ARV ATRIVTLARANT ATREN T ARG, WVURTT L ATREA T, ATROV T, ATRIEN T, VT RIIN Y, WURIZN T, VRTIIN, VTR,
[2] "@.325920350889739,0.336484306169372,0.344846579285981,0. 3766536462035 ,0.342098214252789,0.3417201788028]
[3] "@.181295793366792,8.111763215115198,8.116393720517159,0.123838481116662,8.187141555616659,8. 117396083247]

T41 "8.86623124108153515.8.08670911682215712.0.07252408623145165.8.079253188291824 9. 8666838062853348 .9.0772582¢ ¥
£ >

Nest locations Browse... [ ]

Location Longitude , Latitude
Location 1 6.931543 , 53.387126
Location 2 £.961180 , 53.296491
Location 3 6.983848 , 53.265292
Location 4 6.938467 , 53.261628
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Effects of wind turbine dimensions on the collision risk of raptors: A
simulation approach based on flight height distributions
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Effects of wind turbine dimensions on the collision
risk of raptors: a simulation approach based on flight
height distributions
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BACKGROUND
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Fararmeter,"scenario_1""scenario_2" "scenario_3"
Mest location 1,"6.931543 53. 307126 "6.931543 3. 307126","6.921643 53.307126"
Mest location 2,"6.96T00 53. 2364371, "6. 361700 53, 2964597","6.961100 &3, 296431"
Mest location 3."6.983840 53, 265292","6.983840 53 265292 "6.9823340 b3 265232"
hest location 4."6.938467 53 261620","6.930467 53 261620","6.938467 53 261620"
hest location 5."7.007351 53.283989","7.007351 53, 283583" "7 007351 53.283989"
hest location B,"6.35T100 53. 30867 3", "6.957100 53, 308673","6. 951100 53, 30867 2"
Location 1,"6.956211 53. 236010 "6.378106 53.283320" "6 956211 53.236010"
Location 2,"6.961243 53293840, "6.982075 £3.285988" "6, 961243 A3, 233240"
Location 3."6.955829 53.290087","6. 977126 53.236000" "6, 966829 53250037
Location 4."6.960627 53.283163"."6.981004 53, 285256" "6 960627 53.283153"
Location 5,"6.955443 53 234981"."6.975906 53 281111 ,™
Location B,"6.959353 53.284126","6.979645 53.280405" ™
Location 7,"6.955106 53.280607","6, 974937 B3 277 392" "
Location 8,"6.959403 53.273309" "6, 978632 53 276304" ™
Resultz ™ " ™
t_turbines 8" "a"."4"
CRI_F_lwr"1"."0. 408" "0. 753"
CHI_f_rmear,"1"."0.479","0. 724"
CRI_f_upr,"1","0.55" "0.813"
CRI_rr_lwr,"1","0.71", 0607

& CRl_rn_rnean,""."0.751"."0.651"

CRI_rn_upr,"1"."0.786"."0. 658"

CRl_pturbine £ _Lr,"1","00408","1. 508"

CRl_p.turbine f_mean,"1","0.473" "1.569"

CRI_p.turbine_f_upr "1 ."05E" "1 538"

CRI_p.turbine_rn_lwr,"1","0.71","1. 215"

CRI_p.turbine_rn_mean,"1"."0.751" "1 263"

CRI_p turbine,_m_upr, " "0, 786" "1 216"

CRI_F turbine_1."0 2423930574 7RE08","0.05:2990R175318053" "0, 2423930574 FEROR"
CRI_F.turbire_2,"0.243123822452907","0.04 3841574 2127574" "0, 24 188224529307
CRI_F.turbine_3,"0.086065367399312748" 0. 0404 7414084 66456","0 03605267 299127 48"
CRI_f.turbine_4."0.0817BE5282719161"."0.04 8923991984 378", "0.0317E65 28271316 1"
CRI_F turbine_&,"0.05214 30506137345" "0 0497192590 3664" Mo,
CHl_F.turbine_B,"0.04976139134645071" "0.0483923991334 373" Ma,

CRl_F.turbine_ 7."0.0367136990127 2869" . "0.05807 30353534 26" MA,
CRIL_F.turbine_8,"0.0412694078989076","0. 0554 345563418335" Ma,
CRIl_m.turbine_1."0.16407503671997 2" "0.0B08186 70785197, "0. 1640750367199 72"
CRIl_m.turbine_2."01BEE2610300234 7" "0.07 324 26841933954" "0 166625 10800234 7"
CRI_rn turbine_3. "0 101387 081028185","0.0715338926 1022471 "0 101387 081028185
CRI_rnturbine_4 "0.0987434705099306" "0.0784373669339644" "0 0987434 7 0R093490E"

el CH| . turbine_5,"0.0848996551215927", "0, 080988437 7B 3395 1A
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