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Outline

• Consortium
• Overall objectives and approach
• How? – project structure

o WP1 + selected high lights
o WP2 + selected high lights
o WP3 + selected high lights
o WP4 + selected high lights
o Wp5 - dissemination



Consortium



Overall objectives
• To develop integrated WPP/WT control strategies 

conditioned on grid demands … that maximize the life-cycle 
profitability of a WPP
o Maximizing power production balanced against turbine 

loading (i.e. fatigue load degradation of WTs and O&M 
costs) and electricity price

o Enhancing WPP capability to provide ancillary services
• To validate derived models: All WPs include experimental 

validation … WP1, WP2, and WP3 include full-scale 
experiments; WP4 include lab. scale experiments



Approach

• The ambition of TotalControl is to move WPP controller 
design philosophy from greedy individual optimization of 
WTs operation to a collaborative optimization of the overall 
WPP performance



WP’s



WP1 - WPP simulation models (1)

• Objectives: Development and validation of WPP simulation models 
of various fidelity … covering the whole chain from flow model over 
aero-elastic model to power-grid model



WP1 - WPP simulation models (2)

• Modeling – High fidelity; medium fidelity; engineering:
o CFD LES simulations; dynamic
o DWM … generalized to account for yawed WTs; dynamic
o Linearized CFD RANS (Fuga - super fast       ) … generalized to 

account for yawed actuator disc WTs; static
o Simple dynamic wind farm model (LongSim; eng. wake model 

embedded in dynamic flow field); dynamic
o Coupling of Gaussian wake model to background ABL model; 

static



WP1 - WPP simulation models (3)
• Show cases – demonstration, validation:

o Reference wind farm 
including power grid

o Lillgrunden



WP2 – Open loop control schemes (1)

• Objectives: Develop and validate optimized WPP control schemes … 
optimal economic WPP performance (power, load and electrical 
aspects) is pursued over the WPP life time … on time scales of the 
order of 10 minutes

• Approach … wake mitigation:



WP2 – Open loop control schemes (2)

• Optimal WPP control schedules – static approach 
o Objective function: WPP power production | (U,Θ)
o De-rating using 2 design variables pr. WT … Ω and αp

o WTs modeled as actuator discs in Fuga (linearized CFD code)
o Lillgrund show case



WP2 – Open loop control schemes (3)



WP2 – Open loop control schemes (4)

• Optimal WPP control schedules – dynamic approach 
o Keyword: surrogate models … due to CPU issues
o Lillgrund show case



WP2 – Open loop control schemes (5)

• Full scale de-rating validation case – power capture; Lillgrunden



WP3 - Enhanced WT control schemes (1)

• Objectives: Development of new WT controller functionalities for 
facilitating optimization of wind plant operation over the WPP lifetime 

• Approach:
o Develop new innovative WT control features … and use numerical 

simulations to test and evaluate these
Samsung 7MW WT is the test case
Power set-point reduction algorithms
Active yaw control
Model predictive controller
 Individual pitch control using tower-top sensors
Lidar assisted control for load reduction

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjWtfbal5PNAhVCI8AKHRZfDq8QjRwIBw&url=http://www.offshorewindindustry.com/news/worlds-most-powerful-offshore-wind-turbine&bvm=bv.123664746,d.ZGg&psig=AFQjCNFHM2EUndU9Hm6U_PKnrCFjuF0Dgg&ust=1465294998907174


WP3 - Enhanced WT control schemes (2)

o Full-scale validation and testing using the Samsung 7MW WT
Forward-facing scanning LiDAR on the nacelle (inflow)
Rear-facing LiDAR resolving the effect of control actions on 

the wake



WP4 - Closed loop control schemes (1)
• Objectives: Unification of the results from other WPs into a suite of 

practical wind power plant controllers + develop guidelines and 
standards for the design of wind power plants with advanced control 
functions 

• Approach:
o “Closes the loop" on the open-loop wake control strategies 

developed in WP2, by
Accounting for model uncertainty
Accounting for stochastic (short term) variability of external 

conditions … based on on-line input from e.g. electrical 
sensors, wind speed sensors, and condition monitoring 
equipment



WP4 - Closed loop control schemes (2)
• Hierarchical wind power plant supervisory controller ... a complex 

linear approach



WP5 Dissemination
Website: totalcontrolproject.eu



Thank You!

Questions?
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