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Control Objectives in WPPs ]
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 Improve power factor at the PCC
= Minimize losses and optimize transmission capacity

Voltage Control

= \Voltage support to the operator by adding a Q-demand
component to the reference farm power

e HVDC converter and tap changers also assist in voltage control
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What is a Cluster ?
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e Multiple WPPs existing in close proximity aggregated to form a ‘Cluster’
e Individual WPPs could be owned by same or separate owners
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Control Hierarchies in a WPP cluster
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State-of-the-art literature in control of large OWPPs
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e Distribution functions converting the farm level power
reference to set points for the individual turbines

e Pl controller to ensure correct power production
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State-of-the-art literature in control of large OWPPs

i

Wind Farm Hierarchical Control System
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» A central WF controller to
generate reference signals
(active and reactive power)
for each local WT controller

e Fault ride through capability is
existing at the WT controller
level rather than the WPP.

e The local WT controller is
built-up with a hierarchical
structure

e The WF control level consists
of two control loops

18 January 2019



State-of-the-art literature in control of large OWPPs
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Wind Farm Cluster Management System
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e WPPs are grouped in
‘clusters’ aggregated
physically

e Controlled from an ‘upper’
level in the hierarchy

« WCMS makes use of WF
control strategies and wind
energy forecast
technologies

e The architecture, consists of
two layers, namely the ‘TSO
layer’ and the ‘dispatch
layer’
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Control Architectures for large OWPP clusters

Centralized Control

< Al the information available e e e e e e e e e == -
about the system is centralized 7/
at one location.

Central
Control

. Center
e The controllers monitor and

coordinate the operation of each
turbine
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e Heavy computational burden S e e e e WPP-2 _
to process the information Wind gﬁj\'ggf'ant

» Vulnerable to loss or
corruption and interruption of
information
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Control Architectures for large OWPP clusters
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Controller 3

e Consists of a number of local controllers with
capability of communication between them

Controller 2

e Data may be processed locally or remote-
controlled by a central controller

e Improves cybersecurity and resilience of the
network with respect to failure

» Challenges
e Proper design of a distributed algorithm
» Reliability of the communication network

e Coordination of the agents to achieve the
desired power regulation
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Control Architectures for large OWPP clusters

Decentralized Control

e Overall plant is controlled by several
independent controllers [Decentranzed} {Decentralizeo]
______ Control

Control
Centre 1

w

Centre 3

e Local regulators are designed to operate in an
independent fashion

s “a Decentralized
Control ¥
Centre 2

e I[nformation could be shared between the
local decentralized control centres

» Challenge

e Strong interactions between regulators
can even prevent one from achieving
stability
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Control complexities in large offshore WPP clusters

e Control Coordination
e« Communication Requirements
e Control during transients

e Assets owned by different operators
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Case Study: Dogger Bank

Communication Requirements

Mode of Communication

Case 1 Case 2 Case 3 Case 4
Serial — 120 WTs Serial — 480 WTs Parallel — 120 WTs Parallel — 480 WTs
Parallel — 4 WPPs Parallel - 0 Serial — 4 WPPs Serial - 0
Action Delay Action Delay Action Delay Action Delay
(ms) (ms) (ms) (ms)
Send to WT1 Send to WT1 Send to WPP1 Send to WT1
Read Inverterl 500 Read Inverterl 500 Read WPP1 500 Read Inverterl 500
Send to WT?2 Send to WT2 Send to WPP2 Send to WT?2
Read Inverter2 1000 Read Inverter2 1000 Read WPP2 1000 Read Inverter2 500
Send to WT120 Send to WT480 24*10 | Send to WPP4 Send to WT480
Read Inverter120 6*10 | Read Inverter480 4 Read WPP4 2000 | Read Inverter48o 500

Lackenby:
Substation

A
CreykesBeck
Substation

/\ Substation

Onshore Export Cable Route
=== Offshore Export Cable Route

Projects

Dogger Bank Creyke Beck A
D Dogger Bank Creyke Beck B

Dogger Bank Teesside A

Dogger Bank Teesside B

innogy
[ SSE/statoil

e For big OWPP clusters with large number of assets, the cumulative delays can

be high

e The delays will increase if more signals are required to be transmitted for every

WT

e Delays like measurement filter delay, scada computation delay etc., can further
make the response of the system slower
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Summary
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» Sharing of responsibility can make the system more resilient and reduce the
high computational demand

e Distributed control approaches offer the capability to distribute the
computational burden

 With the existing industrial practises and communication standards the delays
can reach very high values for large OWPP clusters with hundreds of assets

e Appropriate techniques must be implemented in the controller to solve the
communication delay related issues.
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Thank you

Questions & Discussions

This project has received funding from the European Union's Horizon 2020 research and
innovation programme under the Marie Sklodowska-Curie grant agreement no. 765585

This presentation reflects only the author’s view. The Research Executive Agency and European
Commission are not responsible for any use that may be made of the information it contains.
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