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Introduction

Influence of intermittent wind

power feed-in on the reliability of Installed Wind Capacity:
the grids? & @%
s =y N 2017
T D% 7

- Development of new 2007

concepts and strategies %,// 9 Z

and implementation in
7

hard- and software.

Source: Vattenfall Europe Transmission
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Analyses and strategies

Time series of wind power feed-in for grid nodes

(based on dena-study scenario)
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Analyses and strategies

2008:
VE Transmission
Vierraden A 530 MW —> Krajnik
Helmstedt : Im olmirstedt
E.ON Netz PSE-O
S 4.520 MW
| Hagenwerderl 550 MW > IMikulowa
Mecklar | —\ isenach | |
| Vieselbach
Remptendorf _ Roéhrsdorf ___
2240 M
VY 440 MWl
v v
Redwitz _|| Hradec _|[
Power flow over tie-lines CEPS
Example for control area VE-T
Source: Vattenfall Europe Transmission iigA
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Analyses and strategies

2015:
VE Transmission
Vierraden 770 MW —1> Krajnik
Helmstedt - - 1890 MWl olmirstedt
Hagenwerderl 690 MW > |Miku|owa
Mecklar 1430 MW| JEisenach | |
Vieselbach
Remptendorf Rohrsdorf __
3220 M 900 MW

Redwitz Hradec _||

Up to 4-times more

power flow over tie-lines CEPS

Source: Vattenfall Europe Transmission I A
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Analyses and strategies

Requirements for high penetration of
wind power in the electrical supply il ST
system: — i

e Generation Management

 Supply of reactive power

 Supply of balancing power
(technical ability)

 Improvement of wind power
feed-in scheduling

- Control system is needed to utilize
the wind ‘power plant’ capabilities
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Concept elaboration

* Distributed generation * Predictability

— Aggregation necessary TS0 Control Unit
|

Generation Requirements: Windfarm Cluster
Group Cluster Profile Based Operation Mode 1

* active power limitation
= supply of balancing power

= supply of reactive power
T 1‘ + scheduling
* congestion management

* generation management

'

: . . Generation Generation Generation
Generation Requirements: Group 1 Group 2 Group N

Group : oA ' f i /

* maximum power limitation
(dynamic treshold values)

* short circuit current

* emergency cut-off (disconnection)
by network outages

* coordinated start-up and shut-down
procedures (gradients limitation)

i 1 L 1

z : Gen,, Gen,, Gen,, Gen,, Gen,; . . . |Gen,
Smgle Requirements:

Generator _
+ safe and reliable operation
* maximum energy yield

All wind farms connected to one grid node are the smallest

unit for the system operator = Cluster
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Concept elaboration

TS0 control unit

Generation
Sroup

I — Tﬁﬂjlﬂ:ﬂ%

Single
senerator

1 — iﬁx

» Geographical distributed Wind Farms are aggregated to Wind
Farm Cluster (one Cluster for every transmission system node)

* Wind Farm Cluster Management System supports the TSO by
operating the cluster according to the requirements of the
power transmission system
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Concept elaboration

Weather
forecast

<= orecast

target
values

P.Q..

P,.Q
P_available

Day ahead |Short-term
prediction | prediction

WCMS
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Concept elaboration

TS0 Wind Cluster Managment System v 1.0

File Report Help

‘wWind Farm Clusters E_Dispatch Centres |

| Cluster Status | Cluster Contrel | Cluster Data | wind Farm Monitaring

= Cluster &
Wind Farrm &
Wind Farm B
= Cluster B
Wind Farm
‘Wind Farrn D

Graphical
User

Interface Wind farm

clusters

Current Cluster:

O Cluster unlimited
() Power Limitation

P
Q

O Power reserve:
Tirne: slot

Set Point skart time

Duration (secs)

Send Command

Fri, 19 Sep 2005 11:40:29
‘Wind Farms Status ! On going set poinks

Cluster &

0 - MW

0 & mvar [JExport []Import
o T Mw

‘Wind Farm Patential P Real P Potential @ = Real Q Timestamp

Wind Farm A 5.9931 5.9931 -5 -5 19.09,2005 - 11:40:27
wind Farm B 13,4663 13,4663 -9.8 -9.5 19.09,2008 - 11:40:27
‘wind Farm C 8.7187 8.7187 -85 -5.8 19.09,2008 - 11:40:27
‘wind Farm D 32,6505 32,6505 -10 -10 19,09, 2008 - 11:40:27

i dd. MM, ey - HH:mmiss

Online Monitoring
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Concept elaboration

Control strategies:

Active power control

12

Congestion Management
Reduction of gradients
Supply of balancing power

Scheduling of wind power
feed-in

Reactive power control
 Supply of reactive power

 Voltage control
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Concept elaboration
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Concept elaboration

30
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forecast
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Concept elaboration

30

25 yd

? /
E /\
s _
= 15| pos. balancing power
3
o

10 .

feed-in schedule
5 (neg. balancing

power)

9:00 10:00 11:00 12:00
Time

upper level of prediction interval

forecast

lower level of prediction interval

Supply of balancing
power by means of
short term prediction
and tolerance band
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Pilot plants

J i R i L el
110 kv grid ——  Jf peefe/ 7N, e

i
1 The:hn fay e
Syke -

220 kV grid S \Ougk

VISSE

Substatlon Wechold

bWW

380 kV grid —
im{y ﬂrui;hhau,;
\ Yilsgg
WIS gen
Wind Farm
Mainsche/Pennigsehl: A~ | = A g T~ B

Cluster Wechold

16 wind farms
about 250 MW
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Pilot plants

Power Limitation for the Cluster

| | | Cluster — available power
— T ‘ Qe A

/ Cluster — reduced power

************** Cluster — control setting

,
. o, ®,
| X3 o o

|

|

.— Penningsehl -

| available power

Penningsehl -
actual power

LDn
ISET

Martin Wolff - DEWEK 2008, 27.11.2008

e v c\v\c:lv\.gl T &7&¥LW5



18

®WP @PCC [°]

20

15 1

Pilot plants

Control of the cos ¢ at the wind farm...

Phase angle at PCC

...leads to a voltage variation at the
wind farm connection of 2 kV...

Voltage at PCC
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Pilot plants

... and of 1,2 kV at the 110 kV and 220 kV level at the substation Wechold

Wechold: Voltage 110kV Wechold: Voltage 220kV
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Conclusion

* Integration of large amounts of wind power make new
tools for grid operation necessary

 For integration of wind power, the Wind Farm Cluster
Management System (WCMS) has been developed at ISET

 Provides forecast and allows control for each grid node

e Gives the TSO an extended control of the ‘Wind Power
Plant’

e |ts capabilities have been demonstrated in a field test in
Germany
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Outlook

e Second field test in control area of
Vattenfall Europe transmission

e European Project ,,Wind on the Grid“
Demonstration in Spain and Portugal ,1\

e Demonstration with the first german
Offshore Windfarm “alpha ventus”

RAVE

RESEARCH AT ALPHA VENTUS

Eine Forschungsinitiative des Bundesumweltministeriums
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Research partly funded by: %

www.iset.uni-kassel.de
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Thanks for your attention!

Visit ISET at Stand B 03

Martin Wolff

mwolff@iset.uni-kassel.de

Federal Ministry for the
Environment, Nature Conservation
and Nuclear Safety
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