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EXECUTIVE SUMMARY

THIS REPORT LISTS THE MAIN TOOLS, ALGORITHMS AND METHODOLGIES DEVELOPED BY THE PARTNERS WITHIN THE PROJECT AND
THE EXPLOITATION STRATEGY OF THESE.

THE AMBITION OF THE TOTALCONTROL PROJECT IS TO DEVELOP THE NEXT GENERATION OF WIND POWER PLANT (WPP) CONTROL
TOOLS, IMPROVING BOTH WPP CONTROL ITSELF AND THE INTERACTION BETWEEN WIND TURBINE AND WPP CONTROL.THIS
INCLUDES MATHEMATICAL MODELS, CONTROL STRATEGIES AND ALGORITHMS, AS WELL AS DATASETS AND PHYSICAL DEVICES. SOME
OF THE TOOLS ARE OPEN SOURCE, WHILE OTHERS ARE NOT PUBLICLY AVAILABLE. THE TOTALCONTROL WIND POWER PLANT
CONTROL TooLBOX (D5.11) SUMMARISES THE MAIN TOOLS DEVELOPED BY PARTNERS WITHIN THE PROJECT.

IN THE BELOW PART OF THE REPORT A SHORT INTRODUCTION IS MADE AND HEREAFTER THE MAIN TOOLS, ALGORITHMS AND
METHODOLOGIES ARE LISTED. THE REPORT CONCLUDES WITH AN OVERVIEW OF THE DIFFERENT PLATFORMS ON WHICH THE TOOLS

ARE BEING DISSEMINATED BOTH ACTIVELY AND PASSILY.

TOOLS DEVELOPED WITHIN THE PROJECT

1.1 INTRODUCTION TO THE PROJECT

TOTALCONTROL IS A PROJECT FUNDED BY THE EUROPEAN UNION UNDER THE HORIZON 2020 FRAMEWORK. THE PROJECT FOCUSES
ON CONTROL SYSTEMS OF INDIVIDUAL WIND TURBINES (WTS) AND WPPS TO IMPROVE THE OVERALL PERFORMANCE OF THE WPP.
THIS HAS BEEN TARGETED BY MOVING THE CONTROLLER DESIGN PHILOSOPHY FROM THE OPTIMIZATION OF INDIVIDUAL WTS TO
OPTIMIZATION OF THE ENTIRE WPP. TO ACHIEVE THIS, THE PROJECT INVESTIGATES THE CONTROL FOR MAXIMUM POWER
PRODUCTION BALANCED WITH TURBINE LOADING AND ELECTRICITY PRICE, REDUCED OPERATIONAL COST AND TO PROVIDE ANCILLARY
SERVICES TO THE GRID. EIGHT PARTNERS FROM FIVE COUNTRIES WORKED TOGETHER TO ACHIEVE THE DESIRED RESULTS.

AN IMPORTANT ASPECT OF THE POWER PRODUCTION ARE THE AERODYNAMIC TURBINE INTERACTIONS. A TURBINE EXTRACTING
ENERGY FROM THE WIND CAUSES DISTURBANCES IN THE DOWNSTREAM AIR, ALSO CALLED THE WAKE. THIS WAKE BOTH REDUCES
THE POWER PRODUCTION OF ANY TURBINE WITHIN THE WAKE AND MAY CAUSE ADDITIONAL STRUCTURAL LOADING AND FATIGUE OF
THE DOWNSTREAM TURBINES. TOTALCONTROL THEREFORE AIMS AT REDUCING THE WIND TURBINE INTERACTIONS EITHER BY YAW
STEERING, MEANING ROTATION OF THE ROTOR TO STEER THE WAKE AWAY FROM DOWNSTREAM WTS, OR BY INDUCTION CONTROL,
WHICH IS REDUCING THE POWER EXTRACTION OF ANY UPSTREAM WIND TURBINE TO REDUCE THE INTENSITY OF THE WAKE . THE GOAL
OF THESE CONTROL ACTIONS IS TO INCREASE THE OVERALL POWER PRODUCTION OF THE WIND FARM, EVEN IF THEY MAY REDUCE
THE POWER EXTRACTION OF INDIVIDUAL WIND TURBINES.

TO ACHEIVE THIS THE FOLLOWING TOOLS, ALGORITHMS AND METHODOLOGIES LISTED IN FIGURE 1, HAVE BEEN DEVELOPED BY THE
PARTNERS WITHIN THE PARTNERSHIP.

Figure 1: Tools, algorithms and databases resulting from TotalControl.

NAME TYPE
TOTALCONTROL REFERENCE WIND POWER PLANT PLATFORM FOR TESTING AND VALIDATION
LEVENMOUTH TURBINE PLATFORM FOR TESTING AND VALIDATION
LILLGRUND OFFSHORE WIND FARM MEASUREMEMTS PLATFORM FOR TESTING AND VALIDATION
DTU SPINNER LIDAR FOR PREVISION WIND AND GUST FIELD MEASUREMENT MEASUREMENT DEVICE
LONGSIM TooLs FOR WPP SIMULATION AND
ANALYSIS
FuGa TooLs FOR WPP SIMULATION AND
ANALYSIS
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STATIC GAUSSIAN WAKE MERGING MODEL AND THREE LAYER MODEL TooLs FOR WPP SIMULATION AND
ANALYSIS
COST MODEL FOR FATIGUE DEGRADATION AND O&M TooLs FOR WPP SIMULATION AND
ANALYSIS
FLOW DATABASE FOR REFERENCE WIND FARMS — PART 1: PRECURSOR FLOW DATABASES
SIMULATIONS
FLOW DATABASE FOR REFERENCE WIND FARMS — PART 2: WIND FARM FLOW DATABASES
SIMULATIONS
OPTIMAL OPEN-LOOP WPP CONTROL SCHEDULES WPP CONTROL STRATEGIES
PRIMARY FREQUENCY AND VOLTAGE SUPPORT WIND TURBINE CONTROL STRATEGIES
TOWER LOAD REDUCTION USING ACTIVE DAMPING WIND TURBINE CONTROL STRATEGIES
HIERARCHICAL WIND POWER PLANT SUPERVISORY CONTROLLER WIND POWER PLANT CONTROL STRATEGIES

THE TOOLS, ALGORITHMS AND METHODOLOGIES LISTED ABOVE REPRESENT THE MAIN CONTRIBUTION IN TERMS OF TOOLS TO BE
EXPLOITED FURTHER.

DESCRIPTION AND EXPLOITATION OF THE TOOLS, METHODS AND
ALGORITHMS

2.1 EXPLOTATION STRATEGY FOR TOOLS, ALGORITHMS AND METHODS AND ITS FUTURE USE

COST OF ENERGY (COE) IS THE MOST IMPORTANT SINGLE FACTOR IN DEPLOYMENT OF RENEWABLES IN THE ENERGY SYSTEM.
REDUCTION OF COE IS, AMONG OTHER THINGS, DIRECTLY RELATED TO OPERATIONAL CONTROL OF WIND POWER PLANTS (WPP)
AS A WHOLE AND THE INDIVIDUAL WIND TURBINES (WT) WITHIN THEM. IN THE TOTAL CONTROL PROJECT THE COE REDUCTION
HAS BEEN PURSUED BY DEVELOPING AND VALIDATING ADVANCED INTEGRATED WPP/WT CONTROL SCHEMES, WHERE ALL
ESSENTIAL INTERACTIONS BETWEEN THE WPP WT’S ARE ACCOUNTED FOR.

THE STRATEGY IS TO USE THE TOOLS AND RESULTS OF THE PROJECT TO IMPROVE WIND FARM PERFORMANCE AND THEREBY
REDUCE THE COST OF ENERGY.

TOTALCONTROL REFERENCE WIND POWER PLANT

DESCRIPTION: THE TOTALCONTROL REFERENCE WIND POWER PLANT (TC RWP) IS AN IDEALIZED, REGULAR LAYOUT WITH A DENSE
SPACING OF 32 TURBINES IN A STAGGERED PATTERN. THE NUMBER OF TURBINES RESULTS FROM A COMPROMISE BETWEEN
LIMITING THE COMPUTATIONAL COST OF HIGH-RESOLUTION FLOW SIMULATIONS AND HAVING AN ARRAY THAT IS LARGE ENOUGH TO
BE RELEVANT AS AN OFFSHORE WIND POWER PLANT. IT IS INTENDED FOR STUDIES INVOLVING HIGH-FIDELITY FLOW ANALYSES, AND
SUITED FOR INVESTIGATING HOW PLANT CONTROL CAN MAKE POSSIBLE DENSER LAYOUTS, WITH BETTER UTILIZATION OF
CONCESSION AREAS. TC RWP IS DESIGNED WITH SYMMETRY IN ORDER TO FACILITATE HIGH-RESOLUTION NUMERICAL FLOW
SIMULATIONS. FOR SCIENTIFIC WORK INTENDED FOR OPEN PUBLICATION, THE IEA/DTU 10 MW REFERENCE WIND TURBINE
(RWT) WAS USED. BESIDES WIND TURBINE LAYOUT, THE TC RWT ALSO INCLUDES DESIGN OF THE WIND POWER PLANT GRID
CONSISTENT WITH THE EERA DTOC INTER-ARRAY DESIGN PROCEDURE. IT CONSISTS OF TWO STRINGS OF 7 TURBINES, AND 3
STRINGS OF 6 TURBINES. BRANCHING REDUCES THE OVERALL LENGTH OF THE THICKEST (500 MM2) CABLE. THE INTER-ARRAY
GRID VOLTAGE IS 66 KV, WHICH IS FORESEEN AS THE STANDARD FOR THE NEXT GENERATION OF OFFSHORE WIND POWER PLANTS,
WITH TURBINES APPROACHING A 10 MW RATING. THE ELECTRICAL SUBSTATION CONTAINS TWO 66/220 KV TRANSFORMERS
RATED AT 180 MVA EACH. THE AC SYSTEM FREQUENCY IS 50 Hz.

CONTACTS: S@REN J. ANDERSEN, SIAN@DTU.DK; JOHAN MEYERS, JOHAN.MEYERS@KULEUVEN.BE

DETAILS: ANDERSEN, S.J., MADARIAGA, A., MERZ, K., MEYERS, J., MUNTERS, W. AND RODRIGUEZ: REFERENCE WIND POWER
PLANT - TOTALCONTROL DELIVERABLE D1.3, 2018.
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LEVENMOUTH TURBINE

DESCRIPTION: THE FIELD TESTS ON THE 7MW LEVENMOUTH DEMONSTRATION TURBINE HAVE PRODUCED VERY VALUABLE
DATASETS, WITH CONCURRENT TURBINE SCADA AND LIDAR WAKE SCAN INFORMATION, WHICH IS INTENDED TO BE FURTHER
ANALYSED IN ORDER TO VALIDATE E.G. MODELS FOR WAKE CENTRELINE DEFLECTION AND VELOCITY DEFICIT FOR TURBINES
OPERATING IN YAW.

CONTACTS: PAUL MCKEEVER, PAUL.MCKEEVER@ORE.CATAPULT.ORG.UK; ELLIOT SIMONS, ELLSIM@DTU.DK

LILLGRUND OFFSHORE WIND FARM MEASUREMENTS

DESCRIPTION: THE TOTALCONTROL PROJECT HAS RESULTED IN A UNIQUE SET FULL-SCALE OF WIND FARM MEASUREMENTS
INCLUDING LIDAR-BASED FLOW FIELD RECORDINGS AND ASSOCIATED WIND TURBINE SCADA DATA. THE LILLGRUND OFFSHORE
MEASUREMENT CAMPAIGN WAS CARRIED OUT BETWEEN SEPTEMBER 2019 - FEBRUARY 2020. THREE LONG-RANGE DTU
WINDSCANNERS (I.E. PULSED SCANNING DOPPLER WIND LIDARS) WERE INSTALLED ON LILLGRUND WIND TURBINE TRANSITION
PIECES AND USED TO MEASURE THE FLOW FIELD BOTH UPSTREAM AND WITHIN THE FARM. THE RESULTING PROCESSED DATA
FORMATS ARE EASY TO WORK WITH AND TRACEABLE- DUE TO THE INCLUSION OF THE RAW DATA AND PROGRAM CODES USED TO
GENERATE THE FINAL DATA PRODUCTS.

CONTACTS: ELLIOT SIMONS, ELLSIM@DTU.DK; GUNNER CHR. LARSEN, GULA@DTU.DK
DETAILS: SIMONS, E.: LILLGRUND MEASUREMENT CAMPAIGN DATASET - TOTALCONTROL DELIVERABLE D 1.1, 2021.

DTU SPINNER LIDAR FOR PREVISION WIND AND GUST FIELD MEASUREMENT

DESCRIPTION: THE FIELD MEASUREMENTS ARE PARTICULARLY USEFUL FOR FURTHER DEVELOPMENT, AND PARTICULARLY FOR
VALIDATION, OF KUL'’S, DTU’S AND DNV’S WAKE MODELLING CAPABILITIES. THE LIDAR SCAN DATA FROM LILLGRUND WIND FARM
IS EXPECTED TO BE VERY USEFUL FOR VALIDATION OF SEVERAL ASPECTS OF THE WAKE MODELS, WHICH IS USED FOR WIND FARM
CONTROL DESIGN AND SIMULATION TESTING.

CONTACTS: MIKAEL SJOHOLM, MISJ@DTU.DK; GUNNER CHR. LARSEN, GULA@DTU.DK
DETAILS: HIGH RESOLUTION WIND TURBINE WAKE MEASUREMENTS WITH A SCANNING LIDAR - IOPSCIENCE.

LONGSIM

DESCRIPTION: AS WELL AS ALREADY USING THE LONGSIM CODE FOR COMMERCIAL PROJECTS ON WIND FARM CONTROL, DNV Is
CONSIDERING THE BEST WAY TO MAKE THE CODE ITSELF AVAILABLE EXTERNALLY, THUS TAKING COMMERCIAL APPLICATION OF WIND
FARM CONTROL TO A NEW LEVEL.

CONTACTS: ERVIN BOSSANYI, ERVIN.BOSSANYI@DNV.COM
LINK: N/A - NOT OPEN SOURCE

FuGA

DESCRIPTION: FUGA IS A LINEARIZED CFD RANS MODEL, WHICH, POPULAR SPEAKING, IS ONE MILLION TIMES FASTER THAN A
CONVENTIONAL NON-LINEAR CFD RANS SOLVER, AND THEREFORE EMINENTLY SUITED FOR WIND FARM CONTROL OPTIMIZATION,
WHERE A VERY LARGE NUMBER OF WIND FARM FLOW FIELD COMPUTATION INEVITABLE NEEDS TO BE SIMULATED. WIND TURBINES
ARE MODELLED AS ACTUATOR DISCS. NON-HOMOGENEOUS FORCE DISTRIBUTION OVER THE ROTOR DISC CAN BE SPECIFIED, AND
THE SOLVER CAN ALSO HANDLE YAWED WIND TURBINES; THUS IN ADDITION TO TURBINE DE-RATING SUPPORTING WAKE DEFLECTION
TYPE OF WIND FARM CONTROL.

CONTACTS: GUNNER CHR. LARSEN, GULA@DTU.DK
DETAILS: OTT, S., VAN DER LAAN, P. AND LARSEN, G.C.: UPGRADE OF FUGA - TOTALCONTROL DELIVERABLE D 1.7, 2019.

STATIC GAUSSIAN WAKE MERGING MODEL AND THREE LAYER MODEL

DESCRIPTION: THE THREE LAYER MODEL (TLM) IS A FAST BOUNDARY LAYER MODEL, WHICH IS COUPLED WITH A GAUSSIAN
WINDFARM FORCE MODEL TO ENABLE FASTER STUDY OF WIND FARM RESPONSE IN DIFFERENT ATMOSPHERIC CONDITIONS. THE
TLM CODE UTILIZES A GAUSSIAN WAKE MERGING (GWM) APPROACH TO REPRESENT THE WIND FARM FORCES IN THE DOMAIN,
AND IT IS COUPLED TO A LINEARIZED BACKGROUND NAVIER-STOKES MODEL OF THE ABL THAT ALLOWS FOR A REPRESENTATION OF
BOUNDARY-LAYER DEVELOPMENT OVER THE WIND FARM, STRATIFICATION EFFECTS, AND GRAVITY WAVES. COMPARISON OF THE
WIND FARM POWER OUTPUT OF THE TLM AND CFD LES RESULTS, AS BASED ON THE TOTALCONTROL REFERENCE WIND POWER
PLANT, SHOW VERY GOOD AGREEMENT, WITH TOTAL WIND FARM POWER OUTPUT AND THE TRENDS OF THE POWER REDUCTION
ACROSS THE WINDFARM ROWS MATCHING WELL BETWEEN THE TWO CODES.

CONTACTS: JOHAN MEYERS, JOHAN.MEYERS@KULEUVEN.BE
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DETAILS: S00D, I., MEYERS, J., AND LANZILAO, L.: COUPLING OF GAUSSIAN WAKE MERGING TO BACKGROUND ABL MODEL -
TOTALCONTROL DELIVERABLE D 1.8, 2020.

COST MODEL FOR FATIGUE DEGRADATION AND O&M

DESCRIPTION: A NUMBER OF BASIC MODELS THAT CAN BE USED TO QUANTIFY THE RELATION BETWEEN LOADS, DEGRADATION AND
O&M COSTS ARE PRESENTED AND DISCUSSED ALONG WITH COST MODELS FOR FATIGUE DEGRADATION AND O&M OF MECHANICAL
AND ELECTRICAL COMPONENTS. FURTHER, SELECTED BASIC AND COMPONENT MODELS ARE USED TOGETHER IN A WIND FARM COST
MODEL WHICH ENABLES ESTIMATION OF THE INFLUENCE OF TURBINE CONTROL ON THE LCOE AND PROFIT OF A WIND FARM. THE
MAIN FOCUS IS ON THE CORRECTIVE MAINTENANCE COST MODELS, BUT ALSO THE OTHER MODELS ARE DISCUSSED. REGARDING
DEGRADATION OF ELECTRICAL COMPONENTS, MODELS ARE PRESENTED FOR CONVERTERS AND TRANSFORMERS. BASED ON
DEVELOPED/SELECTED MECHANICAL AND ELECTRICAL COMPONENT SUB-MODELS, A COST MODEL FOR AN ENTIRE WIND FARM IS
DEVELOPED. FACILITATING ESTIMATES OF THE INFLUENCE OF TURBINE CONTROL ON THE ENERGY PRODUCTION, THE LOADS ON
DIFFERENT COMPONENTS, THE O&M COSTS, AND FINALLY THE LCOE AND PROFIT OF A WIND FARM. THE MODEL IS IMPLEMENTED
AS A MS EXCEL BASED TOOL INCLUDING WAKE TURBULENCE AND WAKE DEFICITS. IT QUANTIFIES THE IMPACT ON FATIGUE DAMAGE
AND POWER CAPTURE AND SUBSEQUENTLY TRANSLATES THESE EFFECTS INTO INCREASE/DECREASE OF FAILURE RATES OF
COMPONENTS AND THE COSTS.

CONTACTS: SALVATORE D'ARCO, SALVATORE.DARCO@SINTEF.NO

DETAILS: D'ARCO, S., EVANS, M., FOROS, J., NATARAJAN, A. AND WELTE, T.: COST MODEL FOR FATIGUE DEGRADATION AND O&M
- TOTALCONTROL DELIVERABLE D 2.1, 2018.

LINK: MS EXCEL BASED TOOL

FLOW DATABASE FOR REFERENCE WIND FARMS - PART 1: PRECURSOR SIMULATIONS

DESCRIPTION: THE TURBULENT INFLOW CONDITIONS FOR WIND-FARM INFLOW ARE SIMULATED USING STATE-OF- THE-ART CFD LES
SOLVERS (SPWIND, ELLIPSYS) AND STORES AS PUBLICLY AVAILABLE PRECURSOR DATA IN THE TOTALCONTROL FLOW DATABASE
(MUNTERS ET AL., 2019). THE PRECURSOR DATA CONTAINS UNSTEADY THREE-DIMENSIONAL FLOW DATA OF AN UNPERTURBED
ATMOSPHERIC BOUNDARY LAYER (I.E. WITHOUT THE INFLUENCE OF TURBINES). THE DATABASE COMPRISES OF TWO PRESSURE
DRIVEN BOUNDARY LAYERS (PDBL) AND THREE CONVENTIONALLY NEUTRAL BOUNDARY LAYERS (CNBL), SPANNING DIFFERENT
SURFACE ROUGHNESS LENGTHS AND BOUNDARY LAYER HEIGHTS.

CONTACTS: JOHAN MEYERS, JOHAN.MEYERS@KULEUVEN.BE; S@REN J. ANDERSEN, SJAN@DTU.DK

LINKS: Munters, W., Sood, |., and Meyers, J.: Precursor dataset PDk, https://doi.org/10.5281/zen0do.2650100,
2019; Munters, W., Sood, I., and Meyers, J.: Precursor dataset PDkhi, https://doi.org/10.5281/zen0d0.2650102,
2019; Munters, W., Sood, I., and Meyers, J.: Precursor dataset CNk2, https://doi.org/10.5281/zen0do.2650096,
2019; Munters, W., Sood, I., and Meyers, J.: Precursor dataset CNk4, https://doi.org/10.5281/zenodo.2650098,
2019.

FLOW DATABASE FOR REFERENCE WIND FARMS — PART 2: WIND FARM SIMULATIONS

DESCRIPTION: THE AEROELASTIC LES SOLVERS SP-WIND (KUL) AND ELLIPSYS (DTU) HAS BEEN USED TO SIMULATE THE
OPERATION OF THE LILLGRUND WIND FARM DURING THE FULL-SCALE MEASUREMENT CAMPAIGN (CF. LILLGRUND OFFSHORE WIND
FARM MEASUREMENTS). FIRST, THE ATMOSPHERIC CONDITIONS AT THE LILLGRUND SITE ARE RECREATED IN THE NUMERICAL
DOMAIN BY ANALYZING INCOMING FLOW FIELD LIDAR MEASUREMENTS. SECOND, INSTEAD OF INITIALIZING THE FLOW FIELD FROM
SCRATCH, THIS WORK PROPOSES A FRAMEWORK FOR REUSING A PREVIOUSLY GENERATED PRECURSOR FLOW DATABASE FOR
MATCHING THE CONDITIONS DURING THE MEASUREMENT CAMPAIGN, SUBSTANTIALLY REDUCING THE ASSOCIATED COMPUTATIONAL
COSTS AND TIME FOR LES WIND FARM VALIDATION STUDIES.

CONTACTS: S@REN J. ANDERSEN, SJAN@DTU.DK; Ishaan Sood, ishaan.sood@kuleuven.be; JOHAN MEYERS,
JOHAN.MEYERS@KULEUVEN.BE

DETAILS: ANDERSEN, S.J., BERNARD, V., BEUDET, V., DA COSTA, L., DEGLAIRE, P., MEYERS, J. SO0D, |. AND TROLDBORG, N.:
VALIDATION OF HIGH-FIDELITY MODELS AGAINST LILLGRUND WIND-FIELD AND LOAD DATA - TOTALCONTROL DELIVARABLE D 1.2,
2021. Soop, I., SIMON, E., VITSAS, A., BLOCKMANS, B,. LARSEN, G.C. AND MEYERS, J.: COMPARISON OF LARGE EDDY
SIMULATIONS AGAINST MEASUREMENTS FROM THE LILLGRUND OFFSHORE WIND FARM. HTTPS://DO0I.ORG/10.5194/WES-2021-
153.

OPTIMAL OPEN-LOOP WPP CONTROL SCHEDULES

DESCRIPTION: TOGETHER WITH VATTENFALL AND SIEMENS, DTU AND DNV IS PURSUING FURTHER GAINS IN PRODUCTIVITY OF THE
FULL-SCALE OFFSHORE WIND FARM LILLGRUNDEN. THIS IS DONE USING OPTIMAL OPEN-LOOP WIND FARM CONTROL SCHEDULES
‘DESIGNED’ USING THE NUMERICAL TOOLS LONGSIM (DNV) AND FUGA (DTU). MORE SPECIFICALLY, THE ONE-ROW
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DEMONSTRATION/VALIDATION CASE DESIGNED AND IMPLEMENTED AND ANALYZED IN THE CONTEXT OF TOTALCONTROL - FOR A
SPECIFIC INFLOW SECTOR - WILL BE FURTHER CONSOLIDATED BY BEING EXTENDED TO THE ENTIRE WIND FARM CONSISTING OF 48
WIND TURBINES AND ALL WIND DIRECTIONS. THUS, AN OPTIMAL WIND FARM CONTROL SCHEDULE, CONDITIONED ON AMBIENT WIND
SPEED AND WIND DIRECTION, WILL BE DEVELOPED AND IMPLEMENTED AS BASIS FOR A MEASURING CAMPAIGN EXTENDING OVER
SEVERAL MONTHS.

CONTACTS: GUNNER CHR. LARSEN, GULA@DTU.DK

DETAILS: BOSSANYI, E., LARSEN, G.C., RuUISI, R. AND PEDERSEN, M.M.: VALIDATION OF OPTIMIZED CONTROL SCHEMES -
TOTALCONTROL DELIVERABLE D 2.7, 2022.

PRIMARY FREQUENCY AND VOLTAGE SUPPORT

DESCRIPTION: SPECIAL FEATURES ARE ADDED TO WIND PLANT CONTROLLERS SO THAT THEY CAN ACTIVELY CONTRIBUTE TO THE
STABLE OPERATION OF THE ELECTRICITY GRID SYSTEM AND MAKE IT POSSIBLE FOR LARGER PENETRATIONS OF WIND POWER TO BE
INTEGRATED. OVERTVIEW OF RELEVANT GRID CODES ARE GIVEN, AND SUBSEQUENTLY IT IS DESCRIBED HOW WIND FARMS MAY
CONTRIBUTE TO BOTH GRID FREQUENCY AND VOLTAGE STABILITY. REGARDING GRID FREQUENCY SUPPORT, IT IS DEMONSTRATED
HOW CONTROL ALGORITHMS IMPLEMENTED AT THE WIND TURBINE LEVEL CAN BE USED FOR FREQUENCY SUPPORT. A WIND FARM
SIMULATOR AND A GRID SIMULATION CODE ARE COUPLED TOGETHER, THUS PERMITTING TIME-DOMAIN SIMULATIONS OF AN ENTIRE
GRID SYSTEM TO BE PERFORMED.

CONTACTS: ERVIN BOSSANYI, ervin.bossanyi@dnvgl.com; SALVATORE D’ARCO, SALVATORE.DARCO@SINTEF.NO

DETAILS: BOSSANYI, E., D’ARCO, S., LU, L., MADARIAGA, A., DE BOER, W. AND ACHOOT, W.: Control algorithms for primary
frequency and voltage support - TotalControl deliverable D 4.1, 2020.

TOWER LOAD REDUCTION USING ACTIVE DAMPING

DESCRIPTION: TRADEOFFS BETWEEN PRODUCTION (REVENUE), STRUCTURAL LOADING, AND ACTUATOR WEAR IS STUDIED IN THE
CONTEXT OF CONTROL OF AN OFFSHORE WIND TURBINE. A FRAMEWORK FOR LINEAR-QUADRATIC (LQR) CONTROL SYNTHESIS IS
DEVELOPED AND APPLIED TO CASE STUDIES INVOLVING DIRECTIONAL CONTROL OF FATIGUE IN MONOPILE FOUNDATIONS AS WELL AS
ACTIVE DAMPING OF WAVE-DRIVEN TOWER RESONANCE WHEN THE TURBINE IS IDLING. THE CONTROLLER ITSELF CONSISTS OF AN
OBSERVER, WHICH ESTIMATES THE STATES OF THE PLANT (WIND TURBINE); AND A CONTROL LAW, WHICH APPLIES SOME GAIN TO
EACH OF THE STATES, THE OUTPUT BEING THE BLADE PITCH, ELECTRIC POWER, AND YAW ANGLE COMMANDS SENT TO THE WIND
TURBINE. IN TURN, THE TURBINE PROVIDES SENSOR MEASUREMENTS TO THE OBSERVER: ROTOR SPEED, BLADE PITCH, YAW ANGLE,
ELECTRIC POWER, NACELLE VELOCITY (OR ACCELERATION), ANEMOMETER WIND SPEED, AND ANEMOMETER WIND ANGLE.

CONTACTS: Konstanze Kolle, konstanze.kolle@sintef.no
LINK: HTTPS://GITHUB.COM/SINTEF-ENERGY-WIND/STAS-WPP

HIERARCHICAL WIND POWER PLANT SUPERVISORY CONTROLLER

DESCRIPTION: THE AIM IS MAXIMISE THE REVENUE RATHER THAN MAXIMISING THE POWER PRODUCTION. THE REDUCTION OF
STRUCTURAL LOADING AND ACTUATOR WEAR AND THE PROVISION OF ANCILLARY SERVICES WILL THEREFORE BE IMPORTANT IN THIS
CONTEXT. THUS, THERE IS A NEED FOR PLANT CONTROL STRATEGIES THAT TRADE THESE CONTROL OBJECTIVES AND RESPECT THE
INDUSTRIAL PRACTICE, WHERE THE DIFFERENT LEVELS IN THE HIERARCHY MAY BE PROVIDED BY DIFFERENT EQUIPMENT VENDORS.
A SETUP FOR A BASELINE PLANT CONTROLLER IS DEVELOPED THAT USES ONLY TYPICALLY AVAILABLE DATA FROM THE TURBINES’
SCADA SYSTEM. THE PLANT CONTROLLER IS COUPLED TO AN OBSERVER THAT PROVIDES STATE ESTIMATES AT THE WIND FARM
TURBINES. THE CONTROL ACHITECTURE IS BASED ON A PROPORTIONAL-INTEGRAL (PI) CONTROLLER, WHICH PROVIDES POWER
COMMAND TRACKING SUPLEMENTED WITH A PROPORTIONAL CONTROLLER WITH LOW-PASS FILTER THAT PROVIDES THRUST
COMPENSATION. THE TWO OBJECTIVES MAY CONFLICT, BUT THE STRUCTURE OF THE CONTROLLER ENSURES THAT POWER COMMAND
TRACKING WILL PREVAIL AND DOMINATE THE RESPONSE; THE PLANT IS THEREFORE SURE TO MEET GRID CODE REQUIREMENTS FOR
ACTIVE POWER CONTROL. AT THE SAME TIME, THE FACT THAT THE PLANT CONSISTS OF MANY WIND TURBINES ALLOWS THE THRUST
COMPENSATION TO BE EFFECTIVE.

CONTACTS: Valentin Chabaud, valentin.chabaud@sintef.no; Konstanze Kélle, konstanze.kolle@sintef.no
LINK: HTTPS://GITHUB.COM/SINTEF-ENERGY-WIND/STAS-WPP

DEVELOPING AND TESTING OF TOOLS, METHODS AND ALGORITHMS BEYOND TOTALCONTROL

ONE SUCH INITIATIVE IS A JOINT INDUSTRY PROJECT (JIP) LEAD BY DNV. AS A STARTING POINT, DNV HAS ISSUED A POSITION PAPER
DETAILING THE NECESSARY STEPS TOWARDS MAKING WIND FARM CONTROL (WFC) BANKABLE. THIS REPORT SHOWED THAT MORE
EVALUATIONS OF WIND FARM CONTROL IMPLEMENTATIONS IN OPERATING WIND FARMS WERE NEEDED. THUS, THE OBJECTIVE OF
THIS JIP 1S TO BRING TOGETHER THE INDUSTRY TO CARRY OUT A NUMBER OF EVALUATIONS OF WFC ON OPERATING WIND FARMS.


mailto:gula@dtu.dk
mailto:salvatore.darco@sintef.no
https://github.com/SINTEF-Energy-Wind/STAS-WPP
mailto:valentin.chabaud@sintef.no
https://github.com/SINTEF-Energy-Wind/STAS-WPP
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THE EVALUATIONS WILL FOLLOW A WELL-DEFINED PROTOCOL, INCLUDING THE SO-CALLED “TOGGLE TESTS” ANALOG TO THOSE
PERFORMED IN TOTALCONTROL, IN ORDER TO MAKE THE RESULTS REPEATABLE AND FIRM. THE EVALUATIONS WILL USE SEVERAL
INDUSTRY-LEADING SIMULATION TOOLS (AMONG THESE LONGSIM) IN ORDER TO COMPARE AND CONTRAST THESE.

LILLGRUND FULL SCALE ACTIVITIES BEYOND TOTALCONTROL

TOGETHER WITH VATTENFALL AND SIEMENS, DTU AND DNV IS PURSUING FURTHER GAINS IN PRODUCTIVITY OF THE FULL-SCALE
OFFSHORE WIND FARM LILLGRUNDEN. THIS IS DONE USING OPTIMAL OPEN-LOOP WIND FARM CONTROL SCHEDULES ‘DESIGNED’
USING THE NUMERICAL ToOLS LONGSIM (DNV) AND FuGA (DTU). MORE SPECIFICALLY, THE ONE-ROW
DEMONSTRATION/VALIDATION CASE DESIGNED AND IMPLEMENTED AND ANALYZED IN THE CONTEXT OF TOTALCONTROL - FOR A
SPECIFIC INFLOW SECTOR - WILL BE FURTHER CONSOLIDATED BY BEING EXTENDED TO THE ENTIRE WIND FARM CONSISTING OF 48
WIND TURBINES AND ALL WIND DIRECTIONS. THUS, AN OPTIMAL WIND FARM CONTROL SCHEDULE, CONDITIONED ON AMBIENT WIND
SPEED AND WIND DIRECTION, WILL BE DEVELOPED AND IMPLEMENTED AS BASIS FOR A MEASURING CAMPAIGN EXTENDING OVER
SEVERAL MONTHS.

UPCOMING HORIZON EUROPE PROJECTS

BORN OUT OF THE CORE OF THE TOTALCONTROL PROJECT TEAM, A CONSORTIUM IS PUT TOGETHER TO FORMULATE A PROJECT -
INCONTROL - FOR THE UPCOMMING EU HORIZON-CL5-2022-D3-03-04 CALL ON INTEGRATED WIND FARM CONTROL. THIS CALL
ADRESSES TOPICS, WHICH LIES IN NATURAL CONTINUATION OF THE ACTIVITIES DEALT WITH IN THE TOTALCONTROL PROJECT, AND
THE CONSORTIUM IS THEREFORE WELL POSITIONED TO HARVEST THE SYNERGIES EMERGING FROM TIGHTLY COUPLING THE RESULTS
FROM THE TOTALCONTROL PROJECT WITH THE (PROPOSED) ACTIVITIES IN INCONTROL.

2.2 ACCESS TO THE TOOLS

THE TOOLS LISTED ABOVE ARE ALL COMPILED IN DELIVERABLE D5.11 - TOTALCONTROL WIND POWER PLANT CONTROL TOOLBOX.
IN THIS DELIVERABLE YOU WILL FIND EXTENSIVE DESCRIPTIONS OF EACH OF THE TOOLS INCLUDING REFERENCES FOR FURTHER
INFORMATION.

THE TOOLBOX IS AVAILABLE AT PROJECT WEBSITE WWW.TOTALCONTROLPROJECT.EU AS WELL AS ON THE EU COMMISSION
PLATFROM.

2.3 PRESENTATIONS AT CONFERENCES AND WORKSHOPS

ALTHOUGH COVID-19 DID SET AN EFFECTIVE HAULT ON MUCH OF THE CONFERENCE ACTIVITIES DURING THE PROJECT PERIOD,
MANY OF THE PROJECT RESULTS HAVE DISSEMINATED THROUGH ABSTRACTS, CONFERENCE PAPERS AND POSTERS. THE GOAL OF
THIS HAVE TO BEEN TO PROMOTE PROJECT RESULTS AND ENCOURAGE A WIDER USE USE OF THE TOOLS ALSO OUTSIDE THE PROJECT
CONSORTIUM


http://www.totalcontrolproject.eu/
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2.3 JOURNAL ARTICLES AND PROJECT VIDEOS

THE PARTNERS WITHIN THE PROJECT HAVE PRODUCED A NUMBER OF JOURNAL ARTICLES. ALL JOURNAL ARTICLES ARE PUBLISHED
AS OPEN ACCESS. FURTHERMORE FOUR PROJECT VIDEOS EXPLAINING AND PROMOTING THE PROJECT HAS BEEN MADE. JOURNAL
ARTICLES AND PROJECT VIDEOS ARE AVAILABLE THROUGH THE PROJECT DELIVERABLES D5.6 - D5.9 AS WELL AS ON THE EU
COMMISSION PLATFROM.
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