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Paul Deglaire

Position:  Head of R&D France Siemens Gamesa

Location: Paris & Rouen

Personal info: 

• Born in 1978 in Paris, France

• 1 year in RISOE/DTU for Wind MSc modules inside PhD 

education

• 4 years in Bremerhaven Germany

• 3 years in Sweden (PhD), 1 year in Switzerland (Indus), 6 

months in UK (Fluid Mech)

Education :

• Engineering degree ENPC, GMM 2004

• Industrial internship. Watch factory, 2003

• PhD in unsteady aerodynamics in Uppsala, 2007

Who am i?
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PhD thesis: learning & training - continued
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Professional experience: learning & training - continued

2008: R&D project manager (2008) - Feasibility for hydro 

turbine for rivers & wave energy converters

2009 – 2010: R&D coordinator - Setting up the Technology 

and R&D roadmap of AREVA Wind for the future AD5-135 and 

AD8 with AREVA Wind CTO

2011 – 2013: AD5-135 program manager- Extended rotor 

diameter program. Responsible for the program execution 

(planning, performance, budget) from product definition to 

design freeze in close links with marketing and sales team

2013 – 2016: Technical project manager: development of new 

aeroelastic methodologies for Loads & control. Management of 

5 PhDs

2017 – current : R&D Manager Siemens Gamesa Renewable 

Energy. Starting with 1 engineer, now more than 30 engineers 

today mainly in Rouen
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Where am I working?

Company profile

Ownership

structure

Siemens Gamesa is a 

leading global provider 

of wind power products 

and service solutions

• #1 in offshore

• Leading position in 

onshore and service

• Founded in April 2017 as a 

merger of Siemens Wind 

Power and Gamesa

• A global company, based in 

Zamudio (Vizcaya, Spain) 

and listed on the Spanish 

Stock Exchange

• It is traded in Barcelona, 

Bilbao, Madrid and Valencia

Siemens Energy AG

93%

Free-float shares

7%

6
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Our offshore business 7

2020
(announced)

1990

World’s first offshore project First power plant-sized project First large-scale offshore DD project First subsidy-free offshore project

1991: 4.95 MW | Vindeby, DK 2011: 630 MW | London Array, UK 2018: 574 MW | Race Bank, UK 2022: 1.54 GW | HKZ, NL

14 MW 

(ø222 m)

450 kW 

(ø35 m)

The offshore wind turbine manufacturer with the longest, most 

extensive history in the industry
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Three business units strongly positioned in the market

Our businesses 8

Most experienced offshore wind 

company with the most reliable 

product portfolio in the market.

Commitment beyond the supply

of the wind turbine to reach 

profitability goals.

106.5 GW
installed since 1979

The technological partner of choice 

for onshore wind power projects.

21 GW
installed since 1991

82 GW
maintained

Onshore Offshore Service
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Our new baby (SG14-222) with B108 blades

13
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Competition is truly fierce

Delivery Team Develop

GE 
Haliade-X 14MW

Vestas
V236-15.0 MW

Minyang
MySE 16.0-242
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Offshore 

Geared

Offshore 

Direct 

Drive

SG 11.0-200 DD

SG 10.0-193 DD

SG 11.0-193 DD

SG 14-222 DD

SWT-6.0-120

SWT-6.0-154

SG 8.0-167 DD

SWT-4.0-120

SWT-4.0-130

SWT-3.6-107

SWT-3.6-120

Offshore product portfolio 18

Commercializing offshore Evolving proven technology Maximizing profitability 

Historical development of Product Portfolio to match market and customer needs

2006 20202019201820172016201420122009

• SWT-7.0-154

• SWT-8.0-154

SWT-7.0-154

SWT-8.0-154
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Impressive installation rate in China

Delivery Team Develop

21,1

16,9

0

5

10

15

20

25

GW

Offshore Wind installations world excl.
China

Offshore wind installations China 2021

+22 
factories
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21

The context / global

Title Section

Increased competition in the 

ON& OF market

Raw material and logistics 

costs are increasing quicklyElectricity prices are going up
EU green recovery amplifies 

R&D opportunities
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R&D in France… why France?



© Siemens Gamesa Renewable Energy S.A Jesper Staerdahl | SGRE OF TE TD LC



© Siemens Gamesa Renewable Energy S.A Jesper Staerdahl | SGRE OF TE TD LC

25



© Siemens Gamesa Renewable Energy S.A Jesper Staerdahl | SGRE OF TE TD LC

Overall project view

Main building (B1):

1. Nacelle assembly

2. Blade factory

3. Warehouse

4. Office area

Post-treatment building (B2):

1. Paint booth

2. Oven

3. Repair

Ro-ro rampJack-up quay Storage areaLo-lo quay

Sub-project 1: Factory 

Sub-project 2: Installation 

harbour infrastructures

Outside areas

- Inbound storage

- Outbound storage
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The keys to mount an R&D center from scratch in an outsider country

Title Section

• Get a good story telling for politics

• They will help to finance if you 

create jobs

• Ensure you are the cheapest in the 

continent

• Never say no to a new scope

• And adapt the team size to the new 

scope

• Keep on onboarding interns from 

best schools everywhere in the 

world

• Onboard people that you can learn 

from with intense curiosity

• Keep all good talents by all means

• Don’t do anything that others can 

do

• Our choice: focus on complexity 

that takes years to build

• Our intuition: industry will need 

much earlier than anticipated

• Understand the reasons of why the 

market could grow (2005 – 2020)

• Then fingers crossed…

Insert topic here
Strategic & 

technical

Education

Internal 

stakeholders

Academia

Economics

Politics

• Be transparent on your internal 

problems

• They will appreciate to grow 

common knowledge



© Siemens Gamesa Renewable Energy S.A Jesper Staerdahl | SGRE OF TE TD LC

31

+1,200 
Ingénieurs R&D

R&D centers

Flotte installée de 

+90 GW

https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi92Zmrx9LaAhVCOxQKHXC8A1IQjRx6BAgAEAU&url=https://fr.wikipedia.org/wiki/Drapeau_de_la_France&psig=AOvVaw1dWpQfonpvxbw2gJgLzsAN&ust=1524647139529629
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Are we competitive ? Depends on funding we gather

Spain 42€/hr

France 47€/hr

PT 30€/hr

DK, NL 90€/hr

IN 25€/hr

Strategic: create capacity to cover 

peak loads for load engineers

https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi92Zmrx9LaAhVCOxQKHXC8A1IQjRx6BAgAEAU&url=https://fr.wikipedia.org/wiki/Drapeau_de_la_France&psig=AOvVaw1dWpQfonpvxbw2gJgLzsAN&ust=1524647139529629
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3 R&D missions

NPD

TD

S

Technology Development

New product Development

Support service & maintenance
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FR team main assets

Strong partnerships local academics 
using best in class tools developed for 
aeronautics

The proximity to a large capacity 
informatic cluster

Good funding local opportunities

A skilled team of developers having 
expertise knowledge on offshore wind 
turbine and mathematics 

Direct access to the best offshore 
wind database available in the world
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List of R&D projects covered

Next aeroelastic code (VIV and SIV primarily): mid term: DTU PhD, long term: EPSRC (Imp College), UPM

• New wind reconstruction techniques: better LIDAR models (TU Delft), ABL modeling, PIV (ECN)

Name Related tech domain Target Running years Main academic partner

WAKE OP => SCALE OP                        Stability analysis, aero 

modeling (aero, wake 

winds), Load Emulators, 

Siting, 

Mainly covering internal

TD funding + YALES2 

coupling

2019 – 2022 => 2025

INSA Post COVID 

initiative

VIV, Advanced aero and 

wake models (AL-LES)

Mainly internal TD  

funding + YALES2 

coupling devl

2022 – 2023

RIVERS SLC, CMS Funding of blade test Completed

TOTAL CONTROL Wakes, Siting Load

Emulators

Wake model validation, 

Farm AEP boost

Completed

PRESTIGE / DTU Stability analysis VIV model devl and 

validation

2020 – 2023

STEP4Wind Aero modeling, Siting, 

Load Emulators

Floating for Siting, Load

Emulators, YALES2 

coupling devl

2021 – 2024

Powerkey Wakes Wake model validation Completed

ITN Like Wakes Wake model validation 2022 follow up

HELIX Wakes YALES2 coupling devl 2022-2024
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02

Wakes

models & wind farm

Actuator line 

models, LES, 

engineering ref 

models

01

Advanced 

aerodynamics

Aeroelastic stability

CFD, LES

03

Winds &

turbulence

Stochastic 

modelings, ABL 

stability

04
Condition

monitoring

Implementing the new 

algorithms, machine 

learning

05
Grid 

integration

French grid replicas, 

Modeling tools for 

validation vs tests

Derisking new 

NPDs for stand 

still and idling 

aeroelastic 

vibration risks 

(blade, rotors and 

towers)

Providing release 

of new loads aero 

models for 

BHawC

Compile loads 

fleet feedbacks 

vs design, update 

DLCs, update 

models

Validate new 

NPDs in offshore 

wind farms

Optimize LC 

design toolchains 

towards 

advanced aero, 

wakes and winds

Simplify and 

standardize 

interface between 

BL aero and LC 

aero

Develop advanced 

models for wake, 

wind and aero

- low fidelity 

model validation

Deliver: VIV, SIV 

NPD studies, 

tests aero module  

BhawC release

Deliver: fleet 

validation report, 

new DLCs, 

BhawC test suite

Deliver: BHawC

release with 

couplings

Bastien Duboc

Advanced Aero & 

Aeroelasiticty

Peter F. Skjoldan

BHawC modularity 

and development Laurent Beaudet

Wake modelling

Norbert Warncke

Wind modelling

Panos Panousis

(SLC)

Machine 

Learning

-

NPDs
SIte load 

suitability

Aqeel Ahmed

Fleet analysis

Reconstruct 

winds for 

prototype &  

fleet analysis

Improve 

accuracy of 

wind modeling 

for reduced 

loads from 

advanced 

measures: 

LIDARs etc

Deliver: wind 

module, wind 

box for NPDs

Optimize Siting 

processes

Optimize Service 

uprates for 

existing fleet –

provide tools for 

fleet analysis

Optimize NPD 

loads processes

Enable Load 

Surrogate 

Modeling

+ further use 

within LC

Deliver: Siting 

tool, OMR

Deliver: ML 

blocks for  

NPDs/ Siting and 

OMR

Optimize RNA 

and tower & 

foundation 

designs (cost 

and lifetime)

Optimize farm 

AEP AND loads 

outputs

Deliver low & 

mid fidelity 

wake models to 

other Depts

Deliver: wake 

models NPD 

wake loads

Classical NPD support 

at Turbine Loads

Standard Loads NPD 

deliverables

TBD

Core competences

https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi92Zmrx9LaAhVCOxQKHXC8A1IQjRx6BAgAEAU&url=https://fr.wikipedia.org/wiki/Drapeau_de_la_France&psig=AOvVaw1dWpQfonpvxbw2gJgLzsAN&ust=1524647139529629
https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi92Zmrx9LaAhVCOxQKHXC8A1IQjRx6BAgAEAU&url=https://fr.wikipedia.org/wiki/Drapeau_de_la_France&psig=AOvVaw1dWpQfonpvxbw2gJgLzsAN&ust=1524647139529629
https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi92Zmrx9LaAhVCOxQKHXC8A1IQjRx6BAgAEAU&url=https://fr.wikipedia.org/wiki/Drapeau_de_la_France&psig=AOvVaw1dWpQfonpvxbw2gJgLzsAN&ust=1524647139529629
https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi92Zmrx9LaAhVCOxQKHXC8A1IQjRx6BAgAEAU&url=https://fr.wikipedia.org/wiki/Drapeau_de_la_France&psig=AOvVaw1dWpQfonpvxbw2gJgLzsAN&ust=1524647139529629
https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi92Zmrx9LaAhVCOxQKHXC8A1IQjRx6BAgAEAU&url=https://fr.wikipedia.org/wiki/Drapeau_de_la_France&psig=AOvVaw1dWpQfonpvxbw2gJgLzsAN&ust=1524647139529629
https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi92Zmrx9LaAhVCOxQKHXC8A1IQjRx6BAgAEAU&url=https://fr.wikipedia.org/wiki/Drapeau_de_la_France&psig=AOvVaw1dWpQfonpvxbw2gJgLzsAN&ust=1524647139529629
https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi92Zmrx9LaAhVCOxQKHXC8A1IQjRx6BAgAEAU&url=https://fr.wikipedia.org/wiki/Drapeau_de_la_France&psig=AOvVaw1dWpQfonpvxbw2gJgLzsAN&ust=1524647139529629
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models & wind farm

Actuator line 

models, LES, 

engineering ref 

models

01

Advanced 

aerodynamics

Aeroelastic stability

CFD, LES

03

Winds &

turbulence

Stochastic 

modelings, ABL 

stability

04
Condition

monitoring

Implementing the new 

algorithms, machine 

learning

05
Grid 

integration

French grid replicas, 

Modeling tools for 

validation vs tests

Derisking new 

NPDs for stand 

still and idling 

aeroelastic 

vibration risks 

(blade, rotors and 

towers)

Providing release 

of new loads aero 

models for 

BHawC

Compile loads 

fleet feedbacks 

vs design, update 

DLCs, update 

models

Validate new 

NPDs in offshore 

wind farms

Optimize LC 

design toolchains 

towards 

advanced aero, 

wakes and winds

Simplify and 

standardize 

interface between 

BL aero and LC 

aero

Develop advanced 

models for wake, 

wind and aero

- low fidelity 

model validation

Deliver: VIV, SIV 

NPD studies, 

tests aero module  

BhawC release

Deliver: fleet 

validation report, 

new DLCs, 

BhawC test suite

Deliver: BHawC

release with 

couplings

Bastien Duboc

Advanced Aero & 

Aeroelasiticty

Peter F. Skjoldan

BHawC modularity 

and development Laurent Beaudet

Wake modelling

Norbert Warncke

Wind modelling

Panos Panousis

(SLC)

Machine 

Learning

-

NPDs
Turbine load 

suitability

Aqeel Ahmed

Fleet analysis

Reconstruct 

winds for 

prototype &  

fleet analysis

Improve 

accuracy of 

wind modeling 

for reduced 

loads from 

advanced 

measures: 

LIDARs etc

Deliver: wind 

module, wind 

box for NPDs

Optimize Siting 

processes

Optimize Service 

uprates for 

existing fleet –

provide tools for 

fleet analysis

Optimize NPD 

loads processes

Enable Load 

Surrogate 

Modeling

+ further use 

within LC

Deliver: Siting 

tool, OMR

Deliver: ML 

blocks for  

NPDs/ Siting and 

OMR

Optimize RNA 

and tower & 

foundation 

designs (cost 

and lifetime)

Optimize farm 

AEP AND loads 

outputs

Deliver low & 

mid fidelity 

wake models to 

other Depts

Deliver: wake 

models NPD 

wake loads

Classical NPD support 

at Turbine Loads

Standard Loads NPD 

deliverables

TBD

Wind farm load design projects zoom

https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi92Zmrx9LaAhVCOxQKHXC8A1IQjRx6BAgAEAU&url=https://fr.wikipedia.org/wiki/Drapeau_de_la_France&psig=AOvVaw1dWpQfonpvxbw2gJgLzsAN&ust=1524647139529629
https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi92Zmrx9LaAhVCOxQKHXC8A1IQjRx6BAgAEAU&url=https://fr.wikipedia.org/wiki/Drapeau_de_la_France&psig=AOvVaw1dWpQfonpvxbw2gJgLzsAN&ust=1524647139529629
https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi92Zmrx9LaAhVCOxQKHXC8A1IQjRx6BAgAEAU&url=https://fr.wikipedia.org/wiki/Drapeau_de_la_France&psig=AOvVaw1dWpQfonpvxbw2gJgLzsAN&ust=1524647139529629
https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi92Zmrx9LaAhVCOxQKHXC8A1IQjRx6BAgAEAU&url=https://fr.wikipedia.org/wiki/Drapeau_de_la_France&psig=AOvVaw1dWpQfonpvxbw2gJgLzsAN&ust=1524647139529629
https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi92Zmrx9LaAhVCOxQKHXC8A1IQjRx6BAgAEAU&url=https://fr.wikipedia.org/wiki/Drapeau_de_la_France&psig=AOvVaw1dWpQfonpvxbw2gJgLzsAN&ust=1524647139529629
https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi92Zmrx9LaAhVCOxQKHXC8A1IQjRx6BAgAEAU&url=https://fr.wikipedia.org/wiki/Drapeau_de_la_France&psig=AOvVaw1dWpQfonpvxbw2gJgLzsAN&ust=1524647139529629
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Applications des modèles d’émulation de charges sur les éoliennes

Avant installation

Modèles de substitutions pour l’émulation de charges | Présentation des développements de l’équipe FR

Développement d’une 

nouvelle éolienne

Prototypage et 

certification

Adaptation conceptuelle

site par site

• Extrapolations par rapport aux 

machines précédentes

• Estimations initiales de charges

• Analyse de scenarios 

hypothétiques (“What-if”)

• Calculs itératifs de charges

• Validation sur prototype

• Certification

• Estimation des charges pour les 

tours et les fondations

• Analyse de scenarios 

hypothétiques (“What-if”)

Design détaillé 

spécifique à un site

• Calculs itératifs de charges pour 

les tours et les fondations

• Certification

Modèle 

d’émulation de 

charges

Conditions de vent

Caractéristiques de l’éolienne

Propriétés de contrôle

Conditions de vague

Conditions du fond marin

Charges sur 

l’éolienne

Par exemple:

S’il y a un vent de 100 km/h,

une intensité turbulente de 10% et des vagues de 3m de haut,

quelles sont les forces qui s’appliquent sur le haut de la tour ?
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Applications des modèles d’émulation de charges sur les éoliennes

Après installation

Modèles de substitutions pour l’émulation de charges | Présentation des développements de l’équipe FR

Installation Opération & Maintenance Décommissionnement

• Evaluation de la non-conformité • Evaluation de l’état de santé des 

éoliennes

• Evaluation de la possibilité 

d’améliorer/optimiser les 

machines

• Capteur virtuel

• Extension de la durée de vie des 

machines

Modèle 

d’émulation de 

charges

Charges sur 

l’éolienne

Données mesurées 

sur les éoliennes 

existantes
Par exemple:

Si une éolienne produit 6MW, tourne à 10 tour/min

et a un calage de pale de 10°,

quelles sont les forces qui s’appliquent sur l’emplanture des pales ?

Est-ce que c’est en dessous de la valeur utilisée pour le dimensionnement de la machine ?
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Technology Gate 1: Gate Readiness check (GRC) 41
Planned

WS 2.1 - DWM Wake model certification and improvement

Advanced CFD setup – YALES2 BHawC

41

• BEM disabled and replaced by YALES2

• Simulation results from YALES can be captured 

and put back into BHawC using turbulence boxes

• Experimental process (only 1 simulation set is 

available) 

• Enough to understand if the fundamental 

behaviours are captured!

• Aerodynamics

• LES solver • Hydrodynamics

• Structural mechanics

• Electric systems

• Control systems
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validation vs tests

Derisking new 

NPDs for stand 

still and idling 

aeroelastic 

vibration risks 

(blade, rotors and 

towers)

Providing release 

of new loads aero 

models for 

BHawC

Compile loads 

fleet feedbacks 

vs design, update 

DLCs, update 

models

Validate new 

NPDs in offshore 

wind farms

Optimize LC 

design toolchains 

towards 

advanced aero, 

wakes and winds

Simplify and 

standardize 

interface between 

BL aero and LC 

aero

Develop advanced 

models for wake, 

wind and aero

- low fidelity 

model validation

Deliver: VIV, SIV 

NPD studies, 

tests aero module  

BhawC release

Deliver: fleet 

validation report, 

new DLCs, 

BhawC test suite

Deliver: BHawC

release with 

couplings

Bastien Duboc

Advanced Aero & 

Aeroelasiticty

Peter F. Skjoldan

BHawC modularity 

and development Laurent Beaudet

Wake modelling

Norbert Warncke

Wind modelling

Panos Panousis

(SLC)

Machine 

Learning

-

NPDs
Turbine load 

suitability

Aqeel Ahmed

Fleet analysis

Reconstruct 

winds for 

prototype &  

fleet analysis

Improve 

accuracy of 

wind modeling 

for reduced 

loads from 

advanced 

measures: 

LIDARs etc

Deliver: wind 

module, wind 

box for NPDs

Optimize Siting 

processes

Optimize Service 

uprates for 

existing fleet –

provide tools for 

fleet analysis

Optimize NPD 

loads processes

Enable Load 

Surrogate 

Modeling

+ further use 

within LC

Deliver: Siting 

tool, OMR

Deliver: ML 

blocks for  

NPDs/ Siting and 

OMR

Optimize RNA 

and tower & 

foundation 

designs (cost 

and lifetime)

Optimize farm 

AEP AND loads 

outputs

Deliver low & 

mid fidelity 

wake models to 

other Depts

Deliver: wake 

models NPD 

wake loads

Classical NPD support 

at Turbine Loads

Standard Loads NPD 

deliverables

TBD

MDFRA sub CTAs/CTAs
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Need of a Wake Modelling team

Why we need to focus on wakes?

• Wakes have an impact on the business value of the wind turbines

 On the production of the overall wind farms due to velocity deficits within a wind 

farm and between the wind farms

 On the wind turbine lifetime of existing turbines due to the wake-induced fatigue

and extreme loads (translating to capital and operational costs)

 On the wind turbine design of new products to ensure a conservative design

and safe operation (potentially reducing competitiveness)

• Without accurate models, the impact cannot properly be assessed

 So, the AEP is misestimated, and commercial offerings could be biased

 And safety factors are kept high to counterbalance the inaccuracy of models,

so, wind turbines are over-conservative in their design

• The state-of-the art is reaching scientific barriers

 Wakes is one of the main topics identified by the scientific community

as the grand challenges for wind energy

 Wake models need to be improved and adapted to the applications

and collaboration with the scientific community needs to be tighten

43



© Siemens Gamesa Renewable Energy S.A SGRE TE LCS TL MDFRA

Wake scales – in scope
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Wake scales – in scope
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Wake scales – in scope
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Wake scales – in scope
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Wake scales – in scope
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Applications

Screening risks

Confirming risk

Precise 

evaluation of 

risky positions & 

load levels

BVIV tool

Modal analysis

Time domain

Forced motion 3D CFD

Fleet analysis



© Siemens Gamesa Renewable Energy S.A SGRE TE LCS TL MDFRA

02

Wakes

models & wind farm

Actuator line 

models, LES, 

engineering ref 

models

01

Advanced 

aerodynamics

Aeroelastic stability

CFD, LES

03

Winds &

turbulence

Stochastic 

modelings, ABL 

stability

04
Condition

monitoring

Implementing the new 

algorithms, machine 

learning

05
Grid 

integration

French grid replicas, 

Modeling tools for 

validation vs tests

Derisking new 

NPDs for stand 

still and idling 

aeroelastic 

vibration risks 

(blade, rotors and 

towers)

Providing release 

of new loads aero 

models for 

BHawC

Compile loads 

fleet feedbacks 

vs design, update 

DLCs, update 

models

Validate new 

NPDs in offshore 

wind farms

Optimize LC 

design toolchains 

towards 

advanced aero, 

wakes and winds

Simplify and 

standardize 

interface between 

BL aero and LC 

aero

Develop advanced 

models for wake, 

wind and aero

- low fidelity 

model validation

Deliver: VIV, SIV 

NPD studies, 

tests aero module  

BhawC release

Deliver: fleet 

validation report, 

new DLCs, 

BhawC test suite

Deliver: BHawC

release with 

couplings

Bastien Duboc

Advanced Aero & 

Aeroelasiticty

Peter F. Skjoldan

BHawC modularity 

and development Laurent Beaudet

Wake modelling

Norbert Warncke

Wind modelling

Panos Panousis

(SLC)

Machine 

Learning

-

NPDs
Turbine load 

suitability

Aqeel Ahmed

Fleet analysis

Reconstruct 

winds for 

prototype &  

fleet analysis

Improve 

accuracy of 

wind modeling 

for reduced 

loads from 

advanced 

measures: 

LIDARs etc

Deliver: wind 

module, wind 

box for NPDs

Optimize Siting 

processes

Optimize Service 

uprates for 

existing fleet –

provide tools for 

fleet analysis

Optimize NPD 

loads processes

Enable Load 

Surrogate 

Modeling

+ further use 

within LC

Deliver: Siting 

tool, OMR

Deliver: ML 

blocks for  

NPDs/ Siting and 

OMR

Optimize RNA 

and tower & 

foundation 

designs (cost 

and lifetime)

Optimize farm 

AEP AND loads 

outputs

Deliver low & 

mid fidelity 

wake models to 

other Depts

Deliver: wake 

models NPD 

wake loads

Classical NPD support 

at Turbine Loads

Standard Loads NPD 

deliverables

TBD

MDFRA sub CTAs/CTAs
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Numerical Loads Calculation

51

Turbine

model

Environmental

conditions

Time series
Post-

processing

Loads 

Statistics
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Environmental Models for Loads Simulations

Title Section

• Viscoelastic, soil-spring models

• Seismic excitations

• Surface waves (ocean, ships)

• Ocean, tidal currents

• Ice impact, break-up of ice floes

• Various needs

• Pitch system

• Generator

• Active add-ons

• Full domain flow/inflow conditions

• Shear, gusts, turbulence

• Wakes & wake superposition

• Blade Element Momentum Theory

• Lifting Line/Boundary 

Element/Vortex Methods

• CFD (RANS/URANS/DES/LES)

Insert topic here
Wind

Module

Controller &

Actuators

External

models

Hydro/Ice

Solver

Soil/Seismic

Solver

Aero

Solver
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Feature Overview BHawC 9.5 Wind Module

Main feature: fully modular code!

Supported pre-9.5 feature set:

✓ All shear types besides « Special »

✓ All gusts

✓ Turbulence interpolation, low memory

Known issues:

 File turbulence scaling does not match 

9.4, differences in scaling computation

Added functionality:

✓ Transported gusts

✓ Periodic Boundary Conditions in 

turbulence interpolation

53

BHawC wind

module

Unclear/undefined

Not implemented

Started, incomplete

Working prototype

Working/slow

Tested/Complete

Tuning/Rewrite

Shear

• IEC 61400 

log, power

• Uniform, 

linear

• File

Gusts

• IEC 61400 

EOG, ECD, 

ECG, EDC

• Global, 

transported

• File

Turbulence

• Periodic

BCs

• Fast inter-

polation

• Low 

memory

Wakes

• Ainslie

wake 

deficit

model

Constraining

• Kriging

WinAvail

• v1 working
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Linearized Transport Phenomenologically: t=0s

Transport direction
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Linearized Transport Phenomenologically: t=10s

Transport direction
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Linearized Transport Phenomenologically: t=20s

Transport direction
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Wind field reconstruction

Introduction 57

Can we extract more information on the wind field from the lidar 

measurement process?

Wind field reconstruction/constraining Wind field reconstruction/constraining

𝑉𝑤𝑖𝑛𝑑 𝑉𝑤𝑖𝑛𝑑
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still and idling 
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models for 
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fleet feedbacks 

vs design, update 

DLCs, update 

models
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NPDs in offshore 
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Optimize LC 

design toolchains 

towards 
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interface between 
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models for wake, 
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model validation
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tests aero module  

BhawC release
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validation report, 

new DLCs, 

BhawC test suite
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release with 
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Aeroelasiticty

Peter F. Skjoldan

BHawC modularity 

and development Laurent Beaudet

Wake modelling

Norbert Warncke

Wind modelling

Panos Panousis

(SLC)

Machine 

Learning

-

NPDs
Turbine load 

suitability

Aqeel Ahmed

Fleet analysis

Reconstruct 

winds for 

prototype &  

fleet analysis

Improve 

accuracy of 

wind modeling 

for reduced 

loads from 

advanced 

measures: 

LIDARs etc

Deliver: wind 

module, wind 

box for NPDs

Optimize Siting 

processes

Optimize Service 

uprates for 

existing fleet –

provide tools for 

fleet analysis

Optimize NPD 

loads processes

Enable Load 

Surrogate 

Modeling

+ further use 

within LC

Deliver: Siting 

tool, OMR

Deliver: ML 

blocks for  

NPDs/ Siting and 

OMR

Optimize RNA 

and tower & 

foundation 

designs (cost 

and lifetime)

Optimize farm 

AEP AND loads 

outputs

Deliver low & 

mid fidelity 

wake models to 

other Depts

Deliver: wake 

models NPD 

wake loads

Classical NPD support 

at Turbine Loads

Standard Loads NPD 

deliverables

TBD

MDFRA sub CTAs/CTAs
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O-Series Validation Report

Fleet Validation

Relate the operation of new farm 

(for new turbine type) with the 

loads/controls design indicators

- Using high frequency data

- Early operation period (1st

three/six months) - detect 

anomalies quicker

- Check for main indicators (in 

terms of fatigue/ULS/Modes 

excited) and controller handles
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"Advanced aerodynamics" team – AALA project (OF + ON)
61

Vortex/Stall Induced Vibrations

• Simulation of VIV

• Dev of methodology

• PRESTIGE project

• Application to NPD

• Eng. tools

• Tests on prototypes

• Tower VIV

• SIV

• Analysis of fleet events

• 0-series validation
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Advanced aerodynamics (mostly) in BHawC

• Modularization of BHawC

• BEM improvements

• Improved DS modeling

• Comparisons to HAWC2

• LES/AL for wakes and floating turbines

• Coupling BHawC/YALES2

• PhD Ricardo

(This is Norbert)
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Interfaces
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Azimuth angle

Overview of VIV

Numerical simulation of VIV 64

Wind speed

Blade pitch

= 90 deg
Max amplitude

Objective:

Run CFD simulations to evaluate the global 

aerodynamic damping for several azimuth

angles, wind speeds and max amplitudes
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Study of Vortex Induced Vibrations & other aero instabilities
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Numerical simulations on aerodynamic instabilities:

1) improve understanding of aerodynamic instabilities, 

2) stability assessment (NPD)

Measurements:

1) assess stability turbine, 

2) gather data for validation CFD

• VIV (CFD methodology development)

• PRESTIGE

• SIV (Stall Induced Vibrations)

• DWI (Downwind idling)

• Fleet measurements

• Rare events, not much data → not well understood

• Objectives: better understand VIV - predict stability of our next turbine generations – impact on ULS/FLS
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Framework: coupling to BHawC

Aero-Servo-Elastic Large Eddy Simulation: YALES2-BHawC coupling 
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Inputs:

Aerodynamics

Hydrodynamics
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Actuator line method

Structural solver:
• Finite beam element solver 
• linear two-node Timoshenko 

beam elements 
• Substructures for:

foundation, tower, nacelle, 
drivetrain, shaft, hub, and 
blades

Electric
and

Control
systems
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Framework: coupling to BHawC

Aero-Servo-Elastic Large Eddy Simulation: YALES2-BHawC coupling 

Global coupling strategy: 

BHawC, st ructural:

Temporal loop :

Eq. 6.2: Newton-Raphson

BHawC, controller:

Generator Torque,  
blade pitch, 

Rotat ion speed,

, incompressible:

Temporal loop :

Turbines loop :

Poisson equat ion:

Mollificat ion, 

• Several turbine can be used at the same time

• MPI communication for the positions/orientations and forces/moments


