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ABSTRACT

The increasing penetration of distributed generation (DG) in the power system creates new
challenges and problems for network operators. The generation of electricity comes to a new era
with a variety of small-scale technologies from conventional generators to sources connected to
grids through power electronic converters. The impact of different technologies and installed capacity
on a distribution system changes from the one technology to the other. In this paper, the interconnection
of DG units with power systems is discussed. Secondly, the influences of DG technologies on the
operation of a distribution system are studied in detail.

1. INTRODUCTION

A distributed generation unit can be considered as a small generator connected to the
customer’s side of the distribution system and normally not being dispatched by the network operator
[1, 2]. In most of the cases, DG is treated as a ‘lump load’. DG technologies include photovoltaics, wind
turbines, fuel cells, small and micro gas turbines, Stirling-engines, run-off river hydro turbines, and
internal combustion engines.

Many governments have been supporting renewable energy sources for environmental
reasons, and the competition on generation imposed by electricity market liberalization has pushed
the development of DG technologies and their connection to grids [3]. Currently 35% of the total
industrial electric power demand in the USA is met by DG [4]. For industries with a stable demand, it is
generally cheaper to produce electricity locally, in order to avoid charges for transmission, distribution
and billing.

Distributed generation may have a significant impact on the system and equipment operation
in terms of steady-state operation, dynamic operation, reliability, power quality, stability and safety for
both customers and electricity suppliers. This impact may manifest itself either positively or negatively,
depending on the distribution system, distributed generator and load characteristics [5, 6].

This paper aims at investigating the influences of DG technologies on the operation and its
ability of interconnecting DG units with power system. The distribution system and distributed
generation units are modeled using the Eurostag software package [7]. Some aspects of interconnection
of DG with power systems are discussed. The impact of DG on power system loss, voltage profile and
protection are studied. A distribution system is used to illustrate the influences of DG on the operation
of the power system.
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Line R (Ω/km) X (Ω/km) Length(km) CSA(mm2) I (A) Smax(MVA) 
0.-1 0.195 0.08 0.6 185 445 9.249 

1-2 0.195 0.08 0.55 185 445 9.249 
2-3 0.299 0.083 0.55 120 350 7.275 
3-4 0.299 0.083 0.5 120 350 7.275 

4-5 0.299 0.083 0.5 120 350 7.275 
5-6 0.524 0.09 0.6 70 257 5.342 
6-7 0.524 0.09 0.4 70 257 5.342 

7-8 0.524 0.09 0.6 70 257 5.342 
8-9 0.524 0.09 0.4 70 257 5.342 
9-10 0.524 0.09 0.25 70 257 5.342 

10-11 0.524 0.09 0.2 70 257 5.342 
2-21 0.524 0.09 0.3 70 257 5.342 
21-22 0.524 0.09 0.4 70 257 5.342 

22-23 0.524 0.09 0.2 70 257 5.342 
23-24 0.524 0.09 0.1 70 257 5.342 
5-51 0.299 0.083 0.6 120 350 7.275 

51-52 0.299 0.083 0.55 120 350 7.275 
52-53 0.378 0.086 0.55 95 308 6.402 
53-54 0.378 0.086 0.5 95 308 6.402 
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Line R (Ω/km) X (Ω/km) Length(km) CSA(mm2) I (A) Smax(MVA) 
54-55 0.378 0.086 0.5 95 308 6.402 

55-56 0.524 0.09 0.5 70 257 5.342 
56-57 0.524 0.09 0.5 70 257 5.342 
57-58 0.524 0.09 0.6 70 257 5.342 

58-59 0.524 0.09 0.4 70 257 5.342 
59-591 0.524 0.09 0.25 70 257 5.342 
591-592 0.524 0.09 0.2 70 257 5.342 

6-61 0.524 0.09 0.3 70 257 5.342 
61-62 0.524 0.09 0.3 70 257 5.342 
62-63 0.524 0.09 0.3 70 257 5.342 

9-91 0.524 0.09 0.3 70 257 5.342 
91-92 0.524 0.09 0.4 70 257 5.342 
92-93 0.524 0.09 0.3 70 257 5.342 

93-94 0.524 0.09 0.2 70 257 5.342 
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S rated (MVA) V/V, kV X (%) Cu loss (%) 
10 35/12 7.74 0.67 
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Node P (MW) Q (Mvar) 
1 0.23 0.1425 

3 0.23 0.1425 
4 0.23 0.1425 
7 0.23 0.1425 

8 0.23 0.1425 
10 0.23 0.1425 
11 0.137 0.084 

21 0.072 0.045 
22 0.072 0.045 
23 0.072 0.045 

24 0.0135 0.0075 
51 0.23 0.1425 
52 0.23 0.1425 

53 0.23 0.1425 
54 0.23 0.1425 
55 0.23 0.1425 

56 0.23 0.1425 
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Node P (MW) Q (Mvar) 
57 0.23 0.1425 

58 0.23 0.1425 
59 0.23 0.1425 
591 0.23 0.1425 

592 0.137 0.085 
61 0.075 0.048 
62 0.075 0.048 

63 0.075 0.048 
91 0.057 0.0345 
92 0.057 0.0345 

93 0.057 0.0345 
94 0.057 0.0345 

Total 4.6365 2.8735 

 




