
Australian Journal of Basic and Applied Sciences, 5(7): 1013-1017, 2011
ISSN 1991-8178

Corresponding Author: Mehdi Safaeian, Hidaj branch, Islamic Azad University, Hidaj, Iran

1013
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Abstract: The DG not only raises voltage but also modifies network fault current and may cause
problems on existing distribution network protection schemes. Protection of feeders and equipment
becomes more complex when relatively large amounts of power are generated in distribution networks.
This paper focuses on the distribution protection problems caused by DG penetration in distribution
networks. One of the key issues has been to verify that normal network protection schemes and
settings are not adequate when there are DG units connected to the network. The protection problems
are studied in detailed in this paper. Also the simulation results are presented in part II that is
appeared at another paper. Using fault current limiter (FCL) is proposed for solving these problems
in part II.
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INTRODUCTION

Distributed generators can be loosely defined as sources of energy connected to distribution systems. They
are much smaller than traditional central station generators, ranging from several kilowatts to approximately
10-MW. Implementation of distributed generation means there are multiple sources of fault current instead of
the single source, the feeding HV grid. Typical problems are listed in this paper. The main advantage of DG
units is their close proximity to the loads that they serve. Obviously, there are also disadvantages or they
would completely replace central generation. The main disadvantage is related to protection problem. High
penetration of DG will have an impact on short circuit capacity, protection coordination, system transient
stability, voltage control and power quality, which can significantly influence the proper operation and
protection performance of the power system (Kumpulainen, Lauri et al, 2005).

The mostly cited influential issue on system reliability is the coordination of protective devices. The
presence of DG tends to affect the protection coordination (Lin Xia et al, 2008). Evidently, the short circuit
current would be altered due to the contribution of DG, especially the aggregate contributions of several DG
sources. The unacceptable operation of protective devices might occur and finally lead to the decrease in
system reliability. For example, the recloser fast operation should discriminate a temporary fault, occurring
mostly in distribution system, and operate faster than a fuse. However, fuse may operate faster than recloser
and cause electricity interruption when the total fault current is changed by the contribution from DG fault
current (Geldtmeijer, D.A.M.; et al, 2006), (Brahma, S.M. et al, 2004), (Pregelj, A. et al, 2004). With fuse
operation, the fault will turn to be permanent and considered unacceptable for system reliability. In this paper,
interesting cases of such problem are discussed.

Effects of Distributed Generation on the Protection of Distribution System:
Previous studies have shown that distributed generation causes several problems to the protection of

distribution networks. The most commonly mentioned are as follows:

A. False Tripping of Feeders:
When a fault occurs at another feeder, the operating device located in that faulted feeder, e.g. circuit

breaker should operate. Nevertheless, the circuit breaker at the feeder of the DG may operate and cause
unreasonable electricity interruption on this healthy feeder. The basic principle of false tripping is shown in
Figure 1. The short-circuit fault occurs on feeder1. Fuse1 must operate to remove fault from network, but also
CB2 is tripped because of overcurrent fed by the DG unit.
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Fig. 1: Typical radial distribution feeder in presence of DG with available three-phase fault current shown

B. Exceeding the Interruption Capacity of Circuit Breaker from its Rating:
With the DG connected the fault current through circuit breaker (IF) will be greater than without the DG

connected. Due to the elevation of the fault levels, the capacity of interruption of switching equipment should
be verified for that new operation point, to guarantee their suitable operation when demanded. In case the
replacement of circuit breakers or switches is necessary, the analysis of the short circuit level is essential for
specifying them.

Fig. 2: Typical radial distribution feeder in presence of DG with available three-phase fault current shown

Without the DG connected (IDG = 0)
IF = IS = ICB2 
However, with the DG connected 
IF = IS + IDG 
and
ICB2 = IF 
However,
ICB2 $ IS 

C. Relay Operating Error:
For correct operation it is also important that the relay measures the real fault current which was expected

and taken under consideration when the relay was configured. Fig. 3 shows a distribution feeder with a
distributed generator that supplies part of the local loads. Assuming a short circuit at point F, the generator
will also contribute to the total fault current 

IF = IS + IDG

But the relay R1 will only measure the current coming from the network. This is, the relay detects only
a part of the real fault current and may therefore not trigger properly.

D. Miss Coordination of Protection Devices: 
The fault contribution from a DG can significantly alter the short circuit levels and cause fuse-recloser

(relay) or relay-relay or fuse-fuse miss coordination.
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Fig. 3: Typical radial distribution feeder in presence of DG with available three-phase fault current shown

D.1. Relay-relay Coordination:
Fig.4 shows a main distribution feeder fed through substation and protected by inverse overcurrent relays

R1, R2 and R3. The coordination between these relays is shown in fig.5. The philosophy here is, for maximum
fault current in point F, time of operation of relay R2 is made larger than time of operation of R3 at least by
a time interval called Coordination Time Interval (CTI).

CTI depends on factors like errors in current transformers, potential transformer and relays and on circuit
breaker opening time. Now, let us assume DG is connected to the feeder as shown in fig.5. When DG is
connected, the fault current increases. And the coordination between two relay is likely to face problem.

Fig. 4: Typical radial distribution feeder in presence of DG with available three-phase fault current shown

Fig. 5: Relay operating curves for coordinating between two relays

D.2- Fuse-Fuse Coordination:
Fig. 6 shows how fuse-fuse coordination is traditionally done in a radial distribution system without DG.

Fig. 6 shows the two fuses to be coordinated. In order that fuse1 and fuse2 be coordinated, for any fault on
feeder2, fuse2 should operate before fuse1 is damaged. This would be achieved if Total-clearing TCC curve
of fuse2 is below the minimum melting characteristics of fuse1 by a safe margin for any fault on feeder 2.
Fig.6 shows the coordination graphs. It shows the fuses are coordinated for all fault currents within IFmin and
IFmax. This is called the coordination range. After installing DG, if the increased fault current is so substantial,
that the coordination range exceeds the extent of the fuse curves, then, of course, these fuses will no longer
coordinate.
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Fig. 6: Minimum melting curve and total clearing curve of fuses for coordinating between two fuse

Fig. 7: Typical radial distribution feeder in presence of DG with available three-phase fault current shown

D.3- Fuse-recloser coordination:
With coordination of reclosers and fuse, it is common for the recloser to protect the fuse from temporary

faults and still have the fuse blow for permanent faults. The recloser should reach through the fuse and trip
instantaneously for a fault on the load side of the fuse before the fuse starts to melt. This requires that the
crossover of the recloser “A” curve and minimum-melt curve of the fuse be to the right of the maximum fault
current at the location of the fuse.

Once the recloser closes back into the circuit, if the fault is permanent, the fuse should melt and clear
before the first time delayed operation of the recloser. This requires that the fuse total-clearing curve be below
the recloser “B” curve up to the maximum fault current level at the fuse. If the fault is temporary, the recloser
will successfully reclose. This way, the load feeder does not get disconnected for every temporary fault.
Recloser also provides back up to fuse through slow mode. Since temporary faults constitute 70% to 80% of
faults occurring in distribution system, this arrangement improves the reliability and decreases the maintenance
cost. According to Fig.8, it is a general sample that DG is located at the end of feeder and a fault occurs at
a lateral feeder behind the recloser. In this case, the fault current flowing through the recloser is different from
the fault current flowing through the fuse. It is obvious that the fault current seen by fuse is higher than the
fault current seen by recloser and it may cause to operate fuse before recloser and every temporary fault
change to permanent interruption.

Conclusion:
Interconnection of Distributed Generation (DG) on a radial distribution system presents situations not

normally encountered by the distribution engineer. In this paper a clear indication of the potential protection
problems that need to be solved. Solutions are urgently needed since the share of distributed generation is
expected to increase quite rapidly. One of the areas where further studies are needed is the application of FCLs
with DG. From the network reliability point of view this is a very important issue since today autoreclosings
are able to handle a major part of the faults. In part II simulation result without and by using FCLs is
presented.



Aust. J. Basic & Appl. Sci., 5(7): 1013-1017, 2011

1017

Fig. 8: Typical radial distribution feeder in presence of DG with available three-phase fault current shown

Fig. 9: Minimum melting curve and total clearing curve of fuse and recloser slow curve and
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