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DISCLAIMER

Information contained in the following expresses general views and shall merely be viewed as a contribution to the debate on the potential of wind turbines in
general.

Information contained in the following shall not be construed as an expression of the policies or views of Vestas or as a detailed description of the properties or
functioning of wind turbines manufactured by Vestas.
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Products & offerings
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Power Plant Solutions:

Onshore

Turbine [ IEC Wind Class |EC | High Wind 1EC Il Medium Wind 1EC Il Low Wind
V52-350 KW X X

WEO-B50 KW X X

V82- 1.65 MW X X
WE0-2.0 MW X

Wa0-1.8 MW X

Va0-2.0 MW X
W100-1.8 MW X
Wa0-3.0 Mw X X

V112-3.0 MW X X
Offshore

Turbine [ IEC Wind Class IEC | High Wind 1EC Il Medium Wind 1EC Il Low Wind
Wa0-3.0 MW Offshare X X

W112-3.0 MW Offshore X X

Options

* planning (siting, elec. pre-design)
* procurement.

* construction.

* operation & service.

* optimisation.

SCADA.

Condition Monitoring.
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Wind Power Plants
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Power Plant architecture

Set-Points from
Grid Operator

Point of

Measurement Grid-Meter

Feed-Back Signals (Windturbines,
Statcom, Cap Banks/Reactors, etc)

Operation Modes

Windturbines

CapBanks/Reactors

Voltage Control Reactive Power Control
Frequency Control Power Control
Power Factor Control Power Limits
FaultRide Through Dispatcher

Control

STATCOM

Controller Platform

Power Plant Controller

l ‘estas
Vestas Power Plant
Point of SCADA Controfler \

Measurement : R i
| L
D 1

Main
Transformer
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Variable-speed wind turbine topologies

| AC % ] | bC
' DC T
AC é ]| bC
DC T |/Ac
Doubly-fed Full-converter

Minimum speed

Limited by rotor design voltage.

From zero speed.

Stator current control

Controlled from rotor side = bandwidth
limited by machine rotor time constant.

Controlled directly from generator
converter.

Grid current control

Mainly as stator current; though grid
converter controlled directly.

Controlled directly from grid
converter.

Grid voltage minor
disturbances

Impacts stator currents directly.
Compensation from rotor side.

DC-link allows decoupling generator
from grid with appropriate control.

Grid voltage major
disturbances

Impacts stator and rotor currents directly.
Power dissipation through converter.

Decoupled.
Power dissipation in DC-link.

Grid frequency
excursions

Impacts stator directly.
Compensation from rotor side.

DC-link allows decoupling generator
from grid.

Short-circuit current
contribution

Transient peak ~4pu, then controlled to
~1pu.

Transient peak <2pu, then controlled
to ~1pu.
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Grid connection codes + route to compliance

Plant Performance @

Wind Power Plant . .
point of common coupling

Compliance

Wind turbine -+ Pg\év:trrjll::\t -+ Grid [
>

Collector grid
Substation
Reactive power
compensation

Siting

Grid connection
code
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Electrical planning & design — studies

Documentation & simulation models
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Power Plant performance.
Plant active power control.

Power [pu]
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Power Plant performance.
Plant active power control.

Power [pu]
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Power Plant | PoM
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Main Grid

Power Plant performance.
Plant reactive power control. T I

Reactive Power [PU]
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Power Plant performance.
Plant reactive power control. T I

L

Power Plant ()
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Power Plant performance.
Plant voltage control (slope) — requirements to performance.
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PCC

Main Grid

Power Plant performance.

Plant voltage control (slope).
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Power Plant performance.
Plant frequency response (slope).
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Sample waveforms

WTG short-circuit current signatures
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. . Sample waveforms
Example of doubly-fed system short-circuit waveforms ple wav

Phase cur:rents | | recorded (blue)

2_ """""""" i"'"""'""""';r""""'b’fﬁéé,'s’é'e’d'('r’é’d)"

FPhase currents [pu]
[ o]

Turbine voltages, phase-ground. 2
b | | | | ' | | :
1 106 11 116 11 128 | | | |

A 3 T T T
X Zone 2 y Phase current envelope . recorded (green)
Bl dbbont il AR SOt

Zfault, obs — 0 proces;sed (black,i magenta) |

Zfault,real

v

\4
(@)
FPhase currents [pu]
o
I
i

Zone 1 R

1 1.05 11 115 12 125
Simple extraction of fundamental components results in over-estimation of impedance.
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Summary

1. Harmonisation in connection code formats & terminology allow
wind power plant designers to develop global plant solutions and
associated design tools.

2. A generic plant architecture facilitates rapid designs and early
assessment of their compliance with codes.

3. Examples of solutions, design process and measured plant results
document representative performance — in compliance with
connection codes.
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THANK YOU FOR YOUR ATTENTION Vesias

Copyright Notice

The documents are created by Vestas Wind Systems A/S and contain copyrighted material, trademarks, and other proprietary information. All rights reserved: No part of the documents may be reproduced or copied
in any form or by any means—such as graphic, electronic, or mechanical, including photocopying, taping, or information storage and retrieval systems without the prior written permission of Vestas Wind Systems
A/S. The use of these documents by you, or anyone else authorized by you, is prohibited unless specifically permitted by Vestas Wind Systems A/S. You may not alter or remove any trademark, copyright or other
notice from the documents. The documents are provided “as is” and Vestas Wind Systems A/S shall not haye any responsibility or liability whatsoever for the restlts of use of the documents by you.

Vestas wishes to acknowledge and respect all copyrights in connection with the illustrations used in this.presentation. In case we have unintentionally violated copyrighted material, we want to be informed
immediately in order to straighten things out and thus to honour any obligatory fees.




