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Introduction
OWF Grid Connection Practice

e |ndividual radial connectors (wind farm - onshore grid)
e AC-Technology at lower distances (up to 90km)
e DC-Technology at higher distances (over 90 km)

e Operational requirements according to the TSO’s grid connection
rules

3-phase AC submarine cable A Break Even Point
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Operational Requirements for OWF

State of Art

Stationary Behaviour:

* Voltage and Frequency Characteristics

» Active power output depending on
frequency inclusive over-frequency
reduction

» Reactive power exchange and voltage
stability

Behaviour during Grid Failures:
* Fault Ride Through

* Voltage Support
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WCMS and Grid Simulator
CSE Characteristic:
* emulation of stationary grid
behaviour for WCMS testing WOMS.S TE———
« validation of WCMS results .W'Esewer o erver
e improving the accuracy of the _
control strategies Forecasts i
. . . [} WCMS Grid Model
» simulation of chosen scenarios wems SetPoints |,
regarding grid code fulfillment Simulator | “Resuits o
and grid support E Macro
» expandability for several clusters . Directory
[ LRESULT"
Functionalities: *SSH : Secure Shell
e simulation control *SFTP: Secret File Transfer Protocol

« data exchange
« data security
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Coupled Simulation Environment

Grid Model Development
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Wind Turbine Stationary Model
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Exemplary Stationary Results
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Offshore Wind Farms

Challenges for Integration

= Challenges:
m Ny = ™. = High installed wind capacity
Individual grid connections = Long distances to shore

for each wind farm = Transmission technology AC-DC

7 = Control and protection strategies (no
= commercial DC breaker)
... or better

offshore
power
system?

L

= Multi-terminal operation
= Mixed AC-DC operation




Future Research-Offshore Power [@ o s

MAGDEBURG

Syste m | ENERGINE'I/DK

Observer-Based Boundary

Management Conditions
System (Voltage, Current)

Energy Market

Model

Set
. Points

Current

State ﬂ supervisory coordination is necessary

» observer based management system
allows to optimize OPS settings

e goal: set power flows according to

energy market and keep voltage

Data Concentrator
System

Country C

Voltage [pu]

Offshore D B Country B

Wind Farm DC Slack B D A Cieminal
U=1pu
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OBMS — General Characteristic

OBMS
(Observer Based Management
System) - Characteristic

based on the model of the offshore
power system

multiple power flow calculation with
different DC slack positions

for each slack position the DC
voltage value optimized by binary

coarch alnnrithm
D CAL Ul ] ulﬂul iILnnninil

evaluation of power losses and
deviation from energy market at
each slack position

Set start value
of time & corresp. power
ref. from market model

4

Set slack position to first
converter > SP/=1

Set slack voltage to 1pu
USL=1 pu

OBMS
Optimization Algorithm

OTTO VON GUERICKE
UNIVERSITAT
MAGDEBURG

ENERGINE'I/DK

Determine deviation from
market model
& power losses

v

Calculate value of goal
function at time point ¢
and slack position SP/

!

Calculate power flow

Set slack
position to
next conv.
SPI=SPI+1

All
slack positions
done ?

Upc
limits in grid
exceeded
?

Calculate cumulated
value of goal function for
time period (0,f)

Adjust UDC
in slack

Set next time
point
& corresp.
power ref.
from market
model

All
time points
done ?

Evaluate optimal slack
positions for considered
time period T
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Optimization Results
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ENERGINE'I/DK
Results at One Time Point

Power 99
Deviation 98
[(MW] 9,7
9,6
9,5 . Owith voltage optimization
W without voltage optimization
9,4 L P n
Power °
8,9
Losses '
IMW] ¢
8,6 Owith voltage optimization
8,5 ~ Bwithout voltage optimization
8,4 '
WP geRP e Y O st e
o 01\,(—0 @\,,(—0 ot N &0,“ 0&,0 W
Slack Position
Optimal Slack Position
e NLHUBT - -~=~-7~-~ T==T=r°-r =TS TEsT =T=rT=ra- 1
_f_: DE_ONSH - = = = = = = = = ‘I"Q-I----Q'Q-D'D'D'D'D-i-"'q-ﬂ'ﬂ'ﬂ'q
‘w NO_NROL OO0 ----p -~ s J e 1
& DE_NRDL-------—--{-- e -: -------- JD—I:-----{
< NLCOBRA T =—-t==+-i- i = o e o= e e, s e ] e e i
g DK_COBRA--————————%—— —: ————————— :—————————{
DK HUB +-=-~====~ bt ot Sl o A== - - gt gt i St b !
I I I I
0 6 12 18 Time[h] 24




OTTO VON GUERICKE

UNIVERSITAT
MAGDEBURG

Conclusions

 Coupled Simulation Environment (CSE) for stationary analysis was
developed within RAVE-Grid Integration Project

 CSE allows to analyse wind farm cluster management system
operation especially regarding active and reactive power production
for AC grid support

» Using the PQ-capability curve its possible to determine the reactive
power compensation at the PCC and to guarantee the steady-state
voltage to fulfill the grid code requirement

* However, future multi-terminal offshore power system requires
further research activities regarding e.g. control and management
strategies as proposed in this presentation

» Other challenges concerning especially protection issues and
regulatory framework need to be investigated
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