Executive Summary
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Optimal sitting of distributed generators in distribution systems is a research issue with extensive
concerns in recent years, many traditional and modern heuristic optimization approaches have been
presented, as detailed in subsection 2.1. However, the current literature on siting of distributed
generators within an electricity grid fails to provide a comprehensive optimization process
incorporating resource availability and the impacts on grids. How to reasonably integrate the
reliability benefits and customer responses into the sitting model is a very important issue to be
investigated.
The reliability of a distribution system with distributed generators has been investigated in some
existing literature, both qualitatively and quantitatively, as presented in subsection 2.2, but the
results so far obtained are preliminary. Comprehensive mathematical models for evaluating the
reliability of a distribution system with different sitings of various kinds of DGs under existing and
proposed protection placement schemes need to be developed, and the reliability improvement with
different sitings of various kinds of DGs and the employment of various schemes of demand-side
management (DSM) needs to be investigated.
The volatile features of some kinds of distributed generators, such as wind and solar power, have
imposed new challenges for power system scheduling and dispatching. The issue has received
some attentions from the academic as well as industrial circle, as described in subsection 2.5.
However, workable coordinated dispatching mechanisms for a distribution system with various kinds
of DGs and various schemes of demand side management (DSM) under a grid-connected and
islanding operating modes, as well as under the electricity market environment need to be
systematically addressed. The optimal unit commitment problem with various kinds of DGs is also a
gap that needs to be investigated.
Voltage quality and voltage stability must be carefully investigated in a distribution system with large
amount of distributed generation. Some efforts have been made to examine the impacts of a
specific kind of distributed generators on voltage quality and voltage stability, as surveyed in
subsection 2.6. However, comprehensive approaches for evaluating voltage profile and voltage
stability under various DG sittings, various coordinated dispatching schemes of several kinds of
DGs, various operating modes need to be examined, and methods to optimize voltage profile and
improve voltage stability should be developed with different kinds of DGs taken into account.
The penetration of distributed generators in a distribution system has resulted in new problems of
protection placement and coordination. The traditional protection placement method and
coordination mechanism in distribution systems are not directly applicable to the situations with
distributed generators. Some research work has been done on this aspect, and useful results
obtained (see subsection 2.9 for details). However, the impacts of different sittings of various kinds
of DGs on protection, as well as the coordinated strategies of different protection schemes in the
grid-connected and islanding operating modes need to be carefully studied. Protection schemes for

the generation are well developed but the protection schemes for networks is limited in
performance. Only the special case of a large generation unit with explicit high bandwidth
communication is well handled. Protection strategies should be developed considering whether to
disconnect the DGs very rapidly or keep them connected as long as possible in the system.
Adaptive protections with different relay settings deserve to be seriously considered.
Because of the above-mentioned problems with protection placement and coordination, the existing
fault diagnosis methods for traditional distribution systems are not directly applicable to the ones
with distributed generators, as clarified in subsection 2.7. The fault diagnosis problem in distribution
systems with various kinds of DGs need to be systematically addressed under the existing
protection placement schemes and proposed protection coordination schemes. Analytic fault
diagnosis models and efficient optimization-based approaches could be developed for distribution
systems with various kinds of DGs.
The inclusion of distributed generators in a distribution system provides new ways for distribution
system restoration after a local outage or a blackout, since distributed generators could serve as
starting power sources, as described in subsections 2.3 and 2.8. This issue has not yet been
systematically investigated. The restoration strategies in a distribution system with coordinated
employment of various kinds of DGs need to be developed. The benefits of different sittings of
various kinds of DGs for system restoration need to be examined.
Research Directions
Given the gaps identified above the main directions for this project will be to develop an integrated
optimization tool incorporating network and resource issues. The protection aspects extending to
fault identification islanding and reconnection will be examined in the context of operation into
existing grid with a minimal requirement for additional communications.
With a large penetration of DG’s the voltage control issue will rise in importance. Initial studies
shows the benefits of voltage control but have highlighted the potential for instability QUT is
committed to further development of voltage control in both grid connected and islanded mode and
will report in this project items not addressed by the UQ cluster project on control.

