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Background

e EU/FP7/ICT sponsored project - STREP
— Networked Embedded and Control Systems
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Background

* To operate wind farms cost effectively (power production and lifetime
cost), modern control must be applied at the wind farm level.

* When a turbine extracts power from the wind, it disturbs the wind flow
behind it and creates a coupling with turbines operating in its wake
(near or intermediate wakes).
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e (Generally the problem has received little attention from the control
community

- [Steinbuch et al 1988] showed a gain by de-rating, maximizing the
energy capture.

- The more general lifetime cost problem was discussed in [Pao and
Johnson 2009, Spruce 2003].

e Difficulty in obtaining wind farm wake models suitable for control
design

- Field models are computational expensive and kinematic models
assume uniform thrust coefficients
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Control problem formulation

e Consider a scenario where a farm of N turbines, is asked to produce a
certain power Pd.

* The objective is to dynamically redistribute power refs in order to
minimize fatigue damage, maintaining the Pd.

R aeolus W4
ict-aeolus.eu IETGEIISITE



Control problem formulation

e Consider a scenario where a farm of N turbines, is asked to produce a
certain power Pd.

* The objective is to dynamically redistribute power refs in order to
minimize fatigue damage, maintaining the Pd.

Turbine interaction
models, suitable for
control

+

Turbine models

Wind farm model

R aeolus W4
ict-aeolus.eu IETGEIISITE



Control problem formulation

e Consider a scenario where a farm of N turbines, is asked to produce a
certain power Pd.

* The objective is to dynamically redistribute power refs in order to
minimize fatigue damage, maintaining the Pd.

Turbine interaction

models, suitable for _
control Suitable models of
fatigue damage and

+ production

Turbine models

— Definition of cost

function

Wind farm model

R aeolus W4
ict-aeolus.eu IETGEIISITE



Control problem formulation
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Quasi-static flow  \wp1
models

first principle algebraic
models derived from
fluid dynamics

. 1
Decentralized farm WP4
control
that dynamically
manages the flow
resource in order to
optimise specific control

objectives
Dynamic models VIVP 5
data-driven modelling
that allows predictions
Experimenta| I\NP‘I of wind flows
validation

OWEZ, EWTW, Thanet

: 1
Centralized farm WP3
level control
that dynamically
manages the flow
resource in order to
1 optimise specific control
Case study, WP5 objectives
Dissemination &
Exploitation
Benchmark wind farm
simulator
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Baseline
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And now...

 Wind farm flow modeling....
* Wind farm control concepts....

e Farm control demonstration....
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Summary

- Time averaged model - Nominal - GPC with incr.
(simple momentum theory) model realization
- Dynamic predictions - Hierarchical - constrained
models (Sl=control models) superposition of WT control
problems
- Distributed feedforward ctrl
Turbine interaction (preview/cooperation)
models, suitable for
control Suitable models of
+ fatigue damage Control theory Site experiments
Turbine models — + +
= Definition of cost Control synthesis Simulation
function
Wind farm model _ _
SimWindFarm

The role of the wind
farm controller:

- handle fluctuations
- cost efficient

| Aeolus — 11 anIus 7
ict-aeolus.eu IEGREEATTN



Conclusion

* Focus areas:
- Models, control (hierarchical distributed/central) and validation
* Models suitable for control formulated
* Wind farm level control problem formulated
- Focus on minimizing fatigue damage, meeting power demand
- Cost functions defined
* Benchmark wind farm simulator
« Site-experiments on Thanet Q2-Q3 2011

oot 1 aeolus W4
ict-aeolus.eu IERTEIINITE



<«|»

aauv Apple Google Maps

+ 6 http://www.ict-aeolus.eu/SimWindFarm/

http://www.ict-aeolus.eu/SimWindFarm/

Q‘ Goo

YouTube Wikipedia News (347)v Popularv

SimWindFarm Toolbox
Home

Quick Examples
Download/Install
Contact

Getting Started
References

Creating your own Wind Farm
Specifying the wind farm layout

Generating a new wind field

Adding your own turbine
Modifying the NREL SMW

Model description
A simple turbine model

Wind field simulation

Links
ict-aeolus main page

aeolus

SimWindFarm

Introduction

The SimWindFarm toolbox is developed as part of the Aeolus FP7 project and is aimed at
providing a fast wind farm simulation environment for development of wind farm control
algorithms.

The toolbox provides simple turbine models along with wind field generation and turbine
wake simulation. The toolbox provides two different approaches to wind field generation;
one where taylor’s frozen turbulence is assumed and one where wind is generated for
each turbine.

Functionality
The SimWindFarm toolbox v@.8 supports the following features

= Simulation of wind farms with arbitrary layout
= Automatic generation of wind farm models 4
= Integration into simulink

www.ict-aeolus.eu
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Thank you.
www.ict-aeolus.eu
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