
 

 

 University of Groningen

Control of electrical networks: robustness and power sharing
Weitenberg, Erik

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2018

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Weitenberg, E. (2018). Control of electrical networks: robustness and power sharing. [Thesis fully internal
(DIV), University of Groningen]. Rijksuniversiteit Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/05e18e88-6ad4-4608-b039-e26bf5136997


Summary

Thanks to technological and societal developments, the demand for electricity
is larger than ever. Moreover, more and more consumers are motivated to
switch to more sustainable sources of energy, for example sun, wind or water.
This leads to some new challenges. First, sustainable sources of energy are not
always continuously available: solar and wind-energy is only generated when
the sun is out and when it’s windy. Second, small consumers increasingly
have the option of generating energy and returning it to the network, which
the current power network is not necessarily prepared for. The focus of this
thesis is to develop and study (partial) solutions to the above problems.
A possible approach is to equip every electricity generator, and possibly also
consumers, with a controller. These controllers are usually computers, which
actuate the local generation or use of power based on local measurements
and perhaps communication with other controllers. Some energy sources,
like hydro-power and fossil fuels, offer a high amount of flexibility, and some
consumers can offer flexibility using accumulators or by planning their use of
electricity in a smart way. The controllers in this thesis are designed to balance
demand and supply in this way, and thus guarantee stability of the power net-
work.
In the first part of this thesis, we study two controllers for the alternate cur-
rent power network: the distributed averaging integral (DAI) controller and
the leaky integral (LI) controller. Both controllers measure and integrate the
frequency deviation of the alternate current, as it is symptom of a shortage or
excess of power, and adjust the power injection of the local generator based on
the integrated frequency deviation. The DAI controller communicates with
other controllers in the network in order to reach a weighted consensus of the
controllers’ integrators. The result is that all generators help compensate for a
local shortage of power. The LI controller does not communicate, and ‘emp-
ties’ the local integrator in order to guarantee stability. By changing the speed
at which the controller ‘leaks’, the LI can also fairly distributes the demand
across the generators.
Both of these controllers are well-known, and in theory power networks con-
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trolled by them are stable, and supply and demand are balanced. In a practical
setting, it is also important for the controllers to be able to cope with errors in
the assumptions on which the (mathematical) proofs are based. This prop-
erty is called robustness. We show that the DAI controller is robust to tem-
porary interruptions of the communication network: the system will remain
stable and allocate demand to generators in a fair way despite such interrup-
tions. Moreover, we show that both the DAI and the LI controllers are robust
to certain disturbances in their measurements and actuation, by showing that
the power network is input-to-state stable with restrictions when controlled by
these controllers.
In the second part of this thesis, we design controllers for direct current net-
works. These networks are in current use, for example on ships, and are also
suitable for powering microgrids: small-scale networks that can operate in-
dependently. Like in the first part, we use distributed controllers installed at
the generators that are connected using a communication network. We design
two controllers, both of which achieve stability and power sharing: fair alloc-
ation of the total demand to the generators in the network. The first controller
is designed for networks in which the transmission lines can be modelled as
resistors, and the loads are characterised by having a constant resistance or de-
manding a constant current or power. Furthermore, we design a variation on
the first controller, suitable for networks in which the lines are modelled as a
resistor and an inductor in series. In this design, we omit the constant power
loads.
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