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Wind and Solar Power in Germany
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Offshore Wind Farms Projects 
of the TenneT TSO 
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Total installed capacity: 5762 MW
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Prospect

• As long as Germany is connected to the 
European transmission grid, the situation 
seems to be manageable 

• The main concerns currently are overloaded 
lines and transformers forcing the operator to 
redispach generation   high costs

• The new transmission links to be built in the 
future will use HVDC and underground cables 
(400 kV)  new technical challenges

6



What we need in the Future

Change the philosophy from grid conform behavior to 

„Grid forming Behavior“

 Direct voltage control like synchronous machines are doing (no 

voltage dead band, no definition thru reactive current injection)

 Participation in grid frequency control

 Damping of oscillations (frequency range 0.1 – 500 Hz)

 No mutual excitation of converter controllers (Harmonic Stability)

 Contribution to grid restoration

 ….
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The Grid Separation Problem
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Source: IEEE Spectrum: Germany Takes the Lead in HVDC. Online: 

http://spectrum.ieee.org/energy/renewables/germany-takes-the-lead-in-hvdc 

Will the North island grid survive?

• Considerable surplus of power 

generation

• No or little inertia

• No frequency control by converter

• No effective Var-Voltage control 

• Rate of frequency change?

• Voltage rise?

• Stability of converter interaction?

• How to balance power generation 

and consumption by renewables?

Need for 

• fast frequency control

• Participation of renewables in 

primary control

• Direct voltage control

• Stable operation of converter with 

small grid inertia



Test Grid for Frequency Control
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Options for Frequency Control
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Frequency Following Grid Separation
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The 
Var – Voltage

Control Problem
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Var-Voltage Control
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Current Requirements

“voltage support”
According to current requirements

converter do not contribute to 

voltage control under normal 

operating conditions. 

There are no clear differentiation 

between slow Var adaptation 

(control) and fast voltage control in 

the grid codes.  

Expectation:

- Fast direct voltage control without dead band

- Slow Var adaptation 



The Current Injection Problem
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Current controller:

controller with PI characteristic

Injection of current without 

considering grid conditions, 

especially following islanding 

and during FRT will not work in 

grids dominated by converter.
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Design of Offshore Grid and
Power Transmission
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Voltage Rise following 
Islanding in an 
Offshore Wind Farm
(measurement)
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The voltage rises to ca. 1.3 pu

(fundamental component) caused 

by the integral characteristic of the 

WT current controllers. 

Transformer saturated resulting in 

transients

 Voltage rise caused by the 

converter must be limited
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Current Injection Problem
A Simple Solution
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Removing the integral block in 

the current controller can solve 

the problem. 



Emulation of Serial Resistance by Converter
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Effect of the Proportional Gain of the Current 
Controller on the Critical Eigenvalue
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Comparison of Old and New Control

Old current control using two PI blocks New controller without PI blocks 
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Hierarchical Var-Voltage Control
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Consider: fast voltage control is not defined by reactive current injection!

It corresponds with the classical voltage control implemented in almost all 

synchronous generators. 
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Reference Trecking Behavior
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Disturbance Behavior
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Effect of the Current Injection on Voltage
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Current Limiting Control (1)
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1) Limiting the max reference current

2) Phase angle of the reference current according to the phase angle of the grid impedance  
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Current Limiting Control (2)
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The Harmonic Stability Problem
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Effect of Loads on Damping
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Effect of Underground 400 kV Cables on Grid 
Resonance Frequencies
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How many conventional 
generation units are needed for 

stable operation of converter 
dominated grids?
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Test Grid
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Conclusions Based on Comprehensive
Dynamic Simulation Study

Below approx. 40% conventional 
units different dynamic concerns 
arise: 

Transient stability, Voltage stability, 
Frequency stability, …

However, with modified new 
converter control the problem can 
be managed
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The test grid including the converter control
used by the University of Duisburg will be
available for download on the Digsilent
(PowerFactory) webpage in a few weeks.

Bechmark for Testing Converter Control 
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Conclusions

• Converter interfaced generation results in 
fundamental changes in power system 
operation, dynamics, control and protection.

• New phenomena arise requiring some basic 
research

• By using new grid forming control the system 
can be stabilized even though the share of 
converter supply will reach up to 100%
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Conclusions

• Converter interfaced generation results in 
fundamental changes in power system 
operation, dynamics, control and protection.

• The grid codes have to be modified further to 
meet grid requirement

• Converter are excellent equipment to meet  
grid requirements. 
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Thank you for your attention!


