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Abstract 

Distributed Generation (DG), loosely defined as small-scale electricity generation, 
is a fairly new concept in Power Systems literature and electricity markets, but the idea 
behind is not new at all. In the last decade, technological innovations and the changing 
economic and regulatory environment have resulted in a renewed interest for DG. The 
introduction of DG may have an adverse impact on the Power System operation, if 
certain minimum standards for their installation, placement and control are not satisfied. 
For DG to have a positive effect, it must at least be suitably “coordinated” with the 
system operating philosophy and feeder design. Specifically, some addressing issues, 
related to voltage regulation, voltage flicker, harmonic distortion, islanding, grounding 
compatibility, overcurrent protection, capacity limits, reliability and other factors, may 
arise. The larger the aggregate DG capacity on a circuit relative to the feeder capacity and 
demand is, the more critical the “coordination” with these factors turns to be. 

The growing penetration of DG has led researchers to investigate a method, which 
identifies the optimum allocation and sizing of DG units. The issues that have to be 
taken into account, during the investigation process, are both technical and economical. 
The desired optimization, because of its multi-objectivity, is not easily achieved by using 
one of the widely used conventional optimization methods. The solution of the problem 
becomes even more difficult if it is considered that the system is no longer static, 
although it has never had a completely static behavior, since the loads are continuously 
changing. However, because of the nature of DG, which is largely implemented by using 
renewable energy resources, the system becomes extremely dynamic, since the 
calculations are not based neither on fixed loads, but unfortunately nor on specific 
available power generation. 

Consequently, for the distribution network to accommodate a significant DG 
penetration, two main stages should be preceded. The first one is to utilize the network 
thoroughly, through an optimal allocation of DG units. In this field many scientific 
papers have been published, trying to find a method in order to determine the maximum 
DG penetration with the most advantageous distribution in the examined networks. The 



 

second one is the change of the network structure from a passive to an active form, 
appropriately designed, by taking into account all the relevant parameters and involving, 
with an even increasing pace, real-time control systems, which will undertake the 
integration of DG units to its active control design. 

According to the first stage, careful planning is required in order to maximize the 
DG penetration in a power distribution network, as an arbitrary DG connection results 
in significant reduction of the overall DG penetration. This limitation is attributed by the 
term “network sterilisation” and occurs when DG units are connected to buses more 
“sensitive” to power injections. These are, for example, buses where the voltage or short 
circuit power are directly and to a much greater extent affected by power injections, 
compared to other buses of the network. Hence, the research on the optimal allocation 
concerning the placement and sizing of injected DG power, must be thorough and 
extensive and it employs several research groups as it is described in the broad literature 
review conducted under this PhD thesis. The result of this literature investigation was the 
isolation, for further study, of a group of papers, that use a calculation method based on 
a linear approach of the problem and the objective and technical parameters of which are 
identical to those of this thesis.  

A number of main technical parameters related to the problem of DG penetration 
in Greek distribution networks have been analyzed before the aforementioned 
investigation. These parameters have been taken into account in the forthcoming 
investigation and are: transformer’s capacity, power lines thermal constraint, short-circuit 
level, voltage variation and energy resource and customer initiatives constraint. The 
structure of a real Medium Voltage (MV) network has then been described and its 
current operating condition without the DG penetration as well as its respective 
condition with certain DG units connected has been analyzed. Since the operating 
condition, with DG penetration, has not proved to be technically acceptable, two 
alternative network reconfigurations have been proposed in order to solve the arising 
problems. 

Furthermore, an already from the literature known linear optimization method, 
suitably modified and extended in order to face the disadvantages that this method 
presents in practical applications, was applied in the aforementioned MV network. 
During the investigation aiming at the general application of this method and despite the 
efforts to improve it, its weaknesses concerning the effective determination of the 
optimal DG allocation came to the fore, together with some useful conclusions, as a 
basis for the development of a new method specifying the optimum-maximum DG 
penetration in real MV networks. In particular, it has been concluded that the 
development of a method, independent from simplifications, providing a reliable solution 
for every type of distribution network, demanding an acceptable computational load and 
providing for the minimum possible involvement of the user in the result, has been 
necessary.  

The method finally proposed in the context of this PhD thesis is an approach of a 
fully analytical method, which determines the optimal allocation of the maximum DG 
penetration in a MV network and has the characteristics listed previously as prerequisites, 
as its application in real networks and the simultaneous confirmation of its results by 
using a commercial software package has already demonstrated. This method, like any 
other analytical method, in full exposition leads to very reliable results, but it presents the 
disadvantage of the significant increase of the required computational load, sometimes to 
such an extent, that it is not feasible to find the desired optimal solution. This is due to 
the fact that every fully analytical method aims at a detailed examination of all possible 
solutions, when used in an optimization problem. That is the reason why this thesis 
searched for reliable criteria, enabling the omission of the analytical examination of the 



 

largest number of these possible solutions when it is obvious that these solutions could 
not be the optimum ones. So, only the most possible solutions are examined in detail, 
one of these solutions is chosen as the finally optimum and a procedure verifying the 
accuracy of this choice follows. With the proposed methodology a significant 
acceleration of the fully analytical optimization method has been achieved, in such a way 
that the determination of the optimal solution in a reasonable time and simultaneously 
the reliability of the method and the result have been obtained. 


