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The large-scale installation of distributed generating units and high-voltage direct 
current transmission systems as well as the decreasing number of synchronous 
generators change dynamics and stability of future electric power systems. 
Especially in case of unforeseen network conditions and severe contingencies the 
risk of regional or large-scale blackouts due to long-term voltage instability rises. In 
such situations, the changing dynamic behaviour of distribution networks plays an 
important role and needs to be further investigated. The first target of this thesis is 
thus to provide a modelling and evaluation approach of a combined transmission-
distribution network that enables to gain qualitative insights in the behaviour of future 
electric power systems. Here, a particular focus is to identify how the decomposition 
of the load and the control of distributed energy resources influence post-fault system 
dynamics and long-term voltage instability. Nevertheless, even with these changes 
a both secure and efficient power supply needs to be guaranteed for all network 
conditions, which requires novel monitoring and emergency control systems against 
voltage collapse. Therefore, this thesis further aims at developing a distributed agent-
based emergency control approach for the reliable identification of an evolving long-
term voltage instability and the coordinated activation of available countermeasures.
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Abstract

The large-scale installation of distributed generating units and high-voltage direct
current transmission systems as well as the decreasing number of synchronous gen-
erators change dynamics and stability of future electric power systems. Especially in
case of unforeseen network conditions and severe contingencies the risk of regional
or large-scale blackouts due to long-term voltage instability rises. In such situations,
the changing dynamic behaviour of distribution networks plays an important role
and needs to be further investigated. The first target of this thesis is thus to provide a
modelling and evaluation approach of a combined transmission-distribution network
that enables to gain qualitative insights in the behaviour of future electric power
systems. Here, a particular focus is to identify how the decomposition of the load
and the control of distributed energy resources influence post-fault system dynam-
ics and long-term voltage instability. Nevertheless, even with these changes a both
secure and efficient power supply needs to be guaranteed for all network conditions,
which requires novel monitoring and emergency control systems against voltage col-
lapse. Therefore, this thesis further aims at developing a distributed agent-based
emergency control approach for the reliable identification of an evolving long-term
voltage instability and the coordinated activation of available countermeasures.

Kurzfassung

Der massive Ausbau dezentraler Erzeugungsanlagen, die Errichtung von Hochspan-
nungsgleichstromübertragungssystemen sowie die sinkende Anzahl Synchrongene-
ratoren verändern die Dynamik und Stabilität zukünftiger Energieübertragungssys-
teme. Insbesondere nach Betriebsmittelausfällen wird die Dynamik des Energieüber-
tragungsnetzes zukünftig in großem Maße durch das veränderte Verhalten der un-
terlagerten Verteilnetze beeinflusst. Das erste Ziel dieser Arbeit ist demzufolge die
Entwicklung eines kombinierten Übertragungs- und Verteilnetzmodells, welches es
ermöglicht qualitative Einblicke in das Verhalten zukünftiger Energiesysteme zu
gewinnen, und zu ermitteln, wie das veränderte Verhalten der Lasten sowie die
Regelung der dezentralen Erzeugungsanlagen die Spannungsstabilität des Netzes
verändern. Trotz der beschriebenen Systemveränderungen ist zukünftig der sichere
und stabile Netzbetrieb auch bei Eintritt unvorhergesehener Situationen zu gewähr-
leisten. Das zweite Ziel dieser Arbeit ist daher die Entwicklung eines verteilten
agentenbasierten Nofallsystems für die zuverlässige Identifizierung drohender Span-
nungsinstabilität sowie die koordinierte Aktivierung geeigneter Gegenmaßnahmen.
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