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Special Report

PROVISION OF SYSTEM SERVICES

BY USING WIND POWER PLANTS

Prof. Dr. Lutz Hofmann, Sebastian Stock,
Mariano Faiella, Lothar Lower

Introduction From this transformation of the electrical power system two
The amount of installed wind power capacity in the German important aspects can be derived:
as well as the European electricity system increase continuouslyl. The grid structure in all voltage levels has to be adapted to
forcing conventional thermal generation units off the market. the new conditions and
Loosing these power plants means losing also rotating masse<2. Renewable energy power plants have to take over functio-
serving for frequency stabilization as well as generation units  nalities of conventional thermal power plants, e.g. provision
providing ancillary services and reactive power for voltage of system services.
control and participation to congestion management. As a
result, other generation units like on- and offshore wind power \Windpark Cluster Management System (WCMS)
plants (WPP) have to take over the responsibility for providingThe geographically distributed on- and offshore wind farms
system services and maintaining system stability. In this papewill be aggregated to clusters with several points of common
an advanced control technique will be proposed, which allows coupling (PCC) which can span over two or more voltage levels.
for an improvement in grid operation by using wind farm These clusters provide grid supporting functions help in the
clusters (including offshore WPP). Hereby the wind forecastoptimization of the grid operation. This is carried out under
has to be taken into account, which makes possible a systemconsideration of the grid in between the wind farms and by
barioperation and provision of system and grid services with ausing wind forecast data with different temporal resolutions.
look to the future. 7KH :&06 DFKLHYHVY RQ OHYHO RI D JULG RSHUL
grid) a supra-regional energy management for a control and re-
Within this document, concepts are presented how the provisi- gulation of active and reactive power feed-in of geographically
on of ancillary services can be further improved as well as whichdistributed wind farms through access to their control units.
additional services can be provided in future like power reserveFor this, adequate information and communication systems
provision for frequency control and reactive power provisionfor DUH UHTXLUHG 7KH :&06 DLGV WKH 762 RU D O

voltage control. operator by operating the cluster according to the requirements
of the transmission or 110-kV-system. Non-controllable wind
Grid Operation — State of the Art farms within a wind farm cluster are supported by controllable

The actual, already existing transmission and distribution gridsones.
are based on a centralized energy production. The locations of
the power plants are mainly based on the availability of primary The following basic operating modes for wind farms clusters
HQHUJ\ VRXUFHY DQG WKH SUR[LPLW\ WeRpodsilet FRQVXPHUV > @ )LJXUHD
shows typical topologies in Germany in the respective voltagee Active power limitation which controls and regulates the
levels. power feed-in of the whole cluster;

e Scheduling of wind power feed-in to achieve a constancy in
The extraordinary expansion of renewable energy sources - such  scheduling;
as solar PV and wind - now has the effect that a large amount ¢ Supply of reactive power for voltage control with a usual
of energy is being installed at medium and low voltage levels.  setting range like conventional-power-station;
Thus, whole distribution networks become energy producers in « Supply of balancing power to provide negative and positive
case of high wind situations. This effect includes bottom up po-  reserve power for the balancing between wind power
ZHU RZV FRQJHVWLRQV YROWDJH SURgtedittiBrivanD @il pokeri VXEVWLWXWLRQ
of conventional thermal power plants. e Provision of primary and secondary control power;

» Contribution to congestion management.
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I All of these services shall include the wind power feed-in
forecast of all wind farms belonging to one cluster. According
to actual grid codes, not all of these services are required by
WPP or wind farms, nonetheless in a future power system such
services may be asked for. In the following a brief overview on
some of these operation modes will be given.

|
Active Power Limitation and Scheduling of wind
power feed-in. By the operation mode “Active Power Limi-
_ WDWLRQD WKH :&06 HQVXUHY WKDW WKH |
ZKROH FOXVWHU LV NHSW XQGHU D FHUW
] period and computes a schedule for all wind farms belonging
to the cluster on basis of the wind forecast, so that the sum of
the output reaches the required value.
I

Control Power Provision. In an electrical system it is neces

sary to keep the balance between generation and load all the
time. Due to this, positive or negative control power is necessary
which can be activated in order to keep this balance. The control
power is, in Germany and in most other countries, subdivided in

_ primary-, secondary- and tertiary control power [3].

JLIXUH 5SHSUHVHQWDWLRQ RI WKH *HUPDQ PBuextel theistachastivy nateres afUMP B, a@lditional control power
is required when wind power is installed in a control zone [5].
0ODLQO\ VHFRQGDU\ DQG WHUWLDU\ FRQW
power deviations [6]. In the future, it will be necessary for WPP
to provide control power by their own means. Positive control

Compensation
through the
balancing group
affected

Secondary control
and minutes

reserve by TSO
affected

Primary control by all
A TSQOs (reserve provision)
within the time frame of
seconds

power implies that the power output needs to have constantly

a delta to the maximal possible power output.

Power

In some countries like Denmark such an operation mode is fo-
reseen in the grid code, as depicted in Figure 3. Several control

- strategies and capabilities of wind farms like operation based
30s 15 min >60min

Time on active power limitation, power factor setpoint, reactive

power setpoint and voltage setpoint were tested on real wind
YLIXUH 6\WWHP RI IUHTXHQF\ FRQWURO > @ farm clusters according to [8] in Portugal.

Voltage Control. :LQG WXUELQHV FDQ HVVHQ
the voltage at their connection nodes during normal operation
by changing the reactive power feed-in. Thus, PQ-diagrams
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UHODWHG WR D JULG FRQQHFWLRQ QRGH DUH GH QHG LQ JULG FRGHV DV
operational areas (setpoints) which have to be reached by the
WTG. German case is depicted in Figure 5.

The operation mode “Voltage Control” can be used, to provide

a desired value of reactive power with the cluster and contribute

to the voltage regulation. For each wind farm the information

is needed, whether and in what extent reactive power can be

supplied. This is also done for the future using a forecast of its

reactive power demand or generation. For this, the resulting

combined P-Q-diagram is being calculated for each grid node

and each time step (actual as well as forecast data). With this )LIXUH 6SLQQLQJ UHVHUYH UHTXLUHPHQW LQ WKH 'DC
LQIRUPDWLRQ WKH :&06 LV DEOH WR GHWHUPLQH WKH UHVSHFWLYH
reactive power of each wind farm and then transfer the set

points to the wind farms.

Due to the facts that transmission systems as well as 110-kV-

grids are meshed and that there is not a linear dependency

EHWZHHQ D UHDFWLYH SRZHU RZ DQG WKH QRGH YROWDJHVY VHYHUDO
iterative calculations have to be performed in order to detect

precise reactive power setpoints for the individual DSO-grids

under consideration that the voltage bands at all grid nodes

aren'’t violated or any congestions, e.g. on lines or transformers

occur in the system [10].

JLIXUH :LQG IDUP FOXVWHU C3LQKDO ,QWHULRUD 3RL
ZLWK WKH :&06 6RXUFH ,:(6
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50 4 33 23 0 33 -1 4 Congestion Management. In some regions with a huge
: amount of installed wind power (e.g. North Germany), where
the generation capacity exceeds the local consumption, con-
gestion can occur in times of high wind power feed-in.

+ 20

+ 40

+ -60

”””” -100

=120 performed. Due to these calculations, also congestion and/ or
< I ov/robinst% overexcited =\ 51tage problems can be detected in advance taking the actual

or a possible grid state (n-1 issues) into account.

JLIJXUH 34 GLDJUDP Rl WKH ZLQG HQHUJ\ SODQW DW WKH JULG FRQQHF

WLRQ SRLQW LQ WKH FRQVXPHU PHWHU DU UR Inpaxtioular, faetons aregaoulatedwigich depend on the opera-
tional conditions and grid parameters and topology and which
GLUHFWO\ UHSUHVHQW WKH LQ XHQFH RI
farms or consumption on the loading of grid components like
cables, overhead lines and transformers and the node voltages.
Thus, especially the generation unit(s) which has/have a domi-

1

Considering the increasing number of wind farms in electrical

YLIXUH 34 GLDJUDPV IURP 5%$9( *ULG ,QW HJUmwerRsgsterns, Btrevwigcarrigg/ eredtion of offshore wind farms

DQG RQVKRUH UHVSHFWLYHO\ and the displacement of conventional thermal generation units,

an intelligent management system for wind power generation

becomes more important which makes possible that wind clusters

nant and optimal effect to solve an already existing or future
take over system services and to contribute to system stability.

Therefore, a continuous analysis of the grid structure and the
ORDG RZV LV UHTXLUHG )RU WKDW SXU:¢
ons using the parameters of the electrical grid components are

Pmom / Pbb inst [%]

congestion or voltage problems which are being detected using
IRUHFDVW GDWD LV DUH LGHQWL HG

Conclusion

7KH :&06 Rl )UDXQKRIHU ,:(6 XVH WKH
generation units directly to offer additional services to the grid
they are connected to — not only services relating their PCC
nodes (points of common coupling). Among other things, this
is being presented in the project “RAVE Grid Integration”. As a
consequence, whole grid areas can be used to provide similar
VHUYLFHV WR LQ XHQFH YROWDJHV RI F
manage congestion problems or to provide control power.

YLIXUH &DOFXODWLRQ RI LQWHUDFWLRQ IDFWRUV LQ RUGHU WR VROYH DFWXDO RU

IXWXUH EDVHG RQ IRUHFDVW SUREOHPYV
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Naturally, a basic issue is the communication between the [14] Luther, EON Netz, ,Technische und betriebliche Aspekte
several grid components as well as an overall control strategy.fir den Netzanschluss von Windenergieanlagen,“ DEWI

Advanced control techniques and software solutions are under ODJD]LQ QR SS

development. [15] Bundesregierung, Systemdienstleistungsverordnung
(SDLWindV), 2009.
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