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Wind power is gaining momentum in the world's energy balance. Several issues have to be addressed
whenever power-generating devices are connected to the grid. The paper describes studies needed to
evaluate the influence of wind farms on the connected transmission system and how faults in the system
impact on induction generators in a wind farm. Some generalized results of studies for an offshore windfarm
in the North Sea and a Bulgarian wind farm show how studies can influence the layout of the internal
network and the electrical equipment.

1 Introduction
After decades in the starting block, wind power is finally taking off as a serious and accepted

source of energy, sustainable and environmentally friendly. Worldwide, more than 72 GW of wind
power was in operation by the end of 2006, with a growth of 23% in 2006. It is expected that by the
end of 2007, this figure will have increased to well over 80 GW. An example: for Germany, fifteen
years ago, wind power was of marginal importance. Today, with more than 20000 MW in
operation, the country is Europe’s most important user of wind power (Figure 1).
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Figure 1: Installed windpower in Germany

The main objective of the dena Grid Study 1 [1] conducted by a group led by Professor
Walter Schulz from the Institute of Energy Economics at the University of Cologne was to develop
strategies for the integration of renewable energy sources into the electricity supply. The dena Grid
Study 1 suggests measures which will make it possible for renewable energies to contribute 20% to
the provision of electricity in Germany between 2015 and 2020.

The dena Grid Study II aims to develop a long-term plan for the integration of renewable
energies, and particularly wind energy, into the German power grid. The emphasis of the study is on
technical and organizational solutions which allow renewable energy to contribute 30% to the
electricity generated, with 20 GW coming from offshore wind.

2 Requirements related to network connection
All National grid codes, even though several differences can be found, discuss the

importance of grid support from all installed power generating devices. Many regulatory authorities



require that the generators should be able to vary their reactive power output dependent on the grid
voltage level. This requirement is a result of the desire to maintain voltage stability and limit
dynamic voltage variations. Wind farms have often been excluded from these demands. They
cannot, however, expect to enjoy this favoured treatment forever.

In the past wind power plants typically have had a small power rating, when compared to the
strength of the connecting electrical network. The power system as such did not depend on the
contribution from the renewable power sources. Under these circumstances the behaviour of the
wind generators at faults in the network seemed to be non-critical and the manufacturers could
design a simple control system that simply dropped out the wind generators whenever disturbed
conditions did occur on the network.

Looking at the big wind farms presently being planned this design philosophy becomes
questionable. When a fault occurs in a power system the faulty part will be disconnected from the
system. Thus the wind generator will be disconnected if the fault occurred on the feeder to which it
is connected. But, if the wind generator is connected to the non-faulted part of the system it is
desirable that the generators stay connected during the fault. As soon as the faulty feeder has been
disconnected the wind generator shall return into operation in order not to cause consequential loss
of generation in addition to generating units connected through the faulty feeder. If consequential
loss of generation would occur it may lead to a system collapse.

Therefore the wind farm connection must be designed in a way that the wind farm is capable
of continuous uninterrupted operation during events when the voltage is being depressed during the
time required to disconnect a faulty feeder (“ride-through capability”). Typically the time required
in a high-voltage system is in the range 100 - 200 ms.

3 System Studies for an Offshore Wind Farm in the North Sea
ABB has won contracts in the mid of last year to provide power equipment and cable

connections for the Dutch offshore wind farm, Q7 [2]. This wind farm will be the largest wind farm
in the Dutch North Sea when it commences operation in 2007, about 30 kilometres from
Amsterdam [3]. The contract includes a system study to help ensure the project complies with
Dutch grid codes.

3.1 Layout of the wind farm
The schematic layout of the wind farm is shown in Figure 2. In total 60 wind turbine

generators (WTG) Vestas V80 [4] with a total capacity of 120 MW are connected via eight feeders
to the 20 kV switchgear. A three-winding transformer connects the windfarm to the 150-kV-cable.
This cable consists of 27km three-core sea cable and 7km single-core land cable. The internal
20kV-network of the windfarm is build up with three-core sea cables with a cross section of
240mm2. The length of the individual cable connections reach up to 1km. The total 20-kV-cable
length amounts to 45 km.

3.2 System Study
A comprehensive system study was carried out for dimensioning of equipment and to show

the fulfilment of grid code requirements. In the following loadflow, short circuit and harmonic
calculations as well as considerations of transient stability are presented.

Loadflow considerations

For all operation conditions, that means for wind farms for all wind conditions from cut-in
wind speed up to cut-out wind speed, the equipment must be able to carry the resulting currents.
Bus voltages must stay in an allowed range. That can be managed mainly by the onload tapchanger
of the three-winding transformer. The WTG is a double fed induction generator. This type of
generator is able to feed and to absorb reactive power. The power factor range is 0.98 cap. up to
0.96 ind. for rated active power.
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Figure 2: Layout of wind farm Q7

Due to the fact that a three-winding step up transformer is used with two secondary
switchgears, standard values for rated currents could be used. Moreover this configuration allows
operation with half power in case of outage of one 22-kV-main bus.

The 150-kV cable connections are rated for 140MVA. Land cable and sea cable together
generate a reactive power of 40MVAr. That must be considered regarding maximum cable currents.
The grid code for this windfarm requires a power factor at point of common coupling between unity
and cosϕ = 0.85 cap. So the 150-kV-cable contributes a considerable amount of reactive power to
fulfil this requirement. Additional 24MVAr reactive power can be produced by the WTG’s.

Short circuit calculations and network protection concept
Short-circuit strength of cables and switchgear are determined by maximal three-phase short

circuit currents. A specific characteristic of wind farms is the large contribution of double fed
induction generators to the short circuit current. So the WTG’s have significant influence on
switchgear rated data.

A further important factor in short circuit calculation is the choice of starpoint treatment in
the windfarm internal 20-kV-network. For the windfarm Q7 it was decided to limit the single phase
to ground fault to about 1000A. That enables an easy fault localisation, a big advantage for offshore
networks.

Coordination of network protection starts from outgoing feeder at 150-kV-switchgear of
utility and ends at low voltage circuit breaker of WTG’s. Aim of protection coordination is to detect
faults as fast as possible and to clear selectively. Boundary conditions are prerequisites of network
operator, thermal short-circuit strength of cables, critical clearing time of WTG and ”Ride –trough”
requirements of Grid Code. Selectivity diagram (Figure 3) shows exemplarily the coordination of
20-kV-feeder with high voltage fuses and low voltage circuit breaker along with thermal capability
curve of 20-kV-cable.



20-kV-fuse WTGLV-circuit 
breaker

Overcurrent 
protection 
20-kV-feeder

Fault 
withstandability
20-kV-cable

20-kV-fuse WTGLV-circuit 
breaker

Overcurrent 
protection 
20-kV-feeder

Fault 
withstandability
20-kV-cable

Figure 3: Selectivity diagram of a 20-kV-feeder down to LV-circuit breaker

Harmonics
The harmonic analysis has been performed to determine impedance resonances and

harmonic level at the connecting point of the wind farm and at nodes in the wind farm.
The connection of long high voltage cables is a special challenge for the grid connection,

because these cables are characterized by a big capacitance. This capacitance displaces the
resonance frequency towards lower harmonic numbers. Besides the high voltage cable also the total
length of medium voltage cables leads to a resonance frequency, that can be located well below
2500Hz.

Additionally an existing AF ripple control system should not be influenced by the resonance
frequencies. The frequency of the ripple control system is 283Hz.

Figure 4: Impedance at 150-kV-point of common coupling (PCC)

Figure 4 shows the impedance at 150-kV-connecting point of wind farm Q7. Two parallel
resonances can be observed very clearly: The lower resonance is located at 520 Hz, the other at



1220 Hz. The first parallel resonance is mainly caused by the interaction of the capacitance of the
high voltage cables and the 150-kV-network. The second parallel resonance is mainly influenced by
the interaction of the 22-kV medium voltage cables with the network impedance along with the
impedance of the 140MVA transformer.

The calculations show, that the harmonic currents of the WTG’s lead to very low harmonic
levels. That is caused by the low harmonic currents injected by the WTG’s. An examination with
AF ripple control frequency (283Hz) shows, that the existing network impedance is not reduced
when the wind farm is connected. So no negative influence on devices using this frequency is
expected.

Transient Stability
The planning of a wind farm grid connection includes not only dimensioning of equipment,

but also consideration of interactions between windfarm and public grid.
Comparable to other European countries, it is not allowed to disconnect the wind farm from

public grid during voltage sags within certain limits. All generators of the windfarm have to stay
connected during voltage sags above the curve shown in Figure 5. The simulations proved, that the
wind farm stays connected, as required for voltage sags with residual voltages up to 75% and a
duration of 300ms and for voltage sags with residual voltages up to 85% lasting for 10s.
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Figure 5: Low-Voltage-Ride-Trough requirement of Grid Code valid for wind farm Q7

4 System Studies for an Onshore Wind Farm in Bulgaria
A lot of wind power projects now planned in Bulgaria are located along the coast of the

Black Sea. The Kaliakra Wind Power Project (KWPP) is an initiative of Mitsubishi Heavy
Industries, Ltd. (MHI) [5] and INOS [6], which will develop the project jointly. The Project
includes within its scheme the construction of 35 WTG’s MWT-1000A of 1MW rated power for a
total of 35 MW. The energy will be delivered to Bulgarian national grid in 110kV-substation of
NEC.

ABB Power System Consulting Germany carried out extensive system studies also related to
windfarm interaction with the grid. Some results from dynamic studies shall be shown as examples.

The MWT-1000A is an asynchronous generator with 4 poles and a soft starter. Power
regulation is managed by blade-pitch control. Generator rated voltage is 690V. The WTG’s are
connected via transformers to a 20-kV-cable network with 3 radial cable feeders. Via a 110/20-kV-
transformer and a 110-kV overhead line with a length of approximately 12km the windfarm is
connected to the national grid.

In the dynamic study performed with the ABB software tool NEPLAN© all 35 WTG’s are
modelled individually with an asynchronous machine model including saturation of leakage
reactance, eddy current losses along with blade-pitch control.



One topic of the study was faults in the grid with different residual voltages at PCC with
different duration, representing reaction of network protection. The case in Figure 6 shows, that
after faults with a duration of 300ms and 70% voltage at PCC the windfarm recovers to normal
operation. During the fault the windfarm contributes to short circuit current, after fault clearing, the
windfarm absorbs reactive power according to the remagnetizing of the rotor.

a) Bus voltages during remote fault b) Active and reactive power of wind farm

Figure 6: Simulation results for a remote fault with 70% residual voltage at beginning of the fault

5 Conclusion
Comprehensive studies for the offshore wind farm Q7 in the North Sea and the onshore wind

farm Kaliakra in Bulgaria are carried out. Both steady state calculations for dimensioning of
equipment and dynamic studies for evaluation of interaction between grid and windfarm are
provided. The studies have proven that no thermal overloading must be expected, that all grid code
requirements are fulfilled and no inadmissible voltage and current shapes occur.
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