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A Comprehensive review of protection coordination methods in 
power distribution systems in the presence of DG 

 
 
Abstract. This paper presents an overview of solutions proposed in the literature for the overcurrent relay coordination problem in the presence of 
distributed generators (DGs). Furthermore, several protection issues are identified to study the requirements for protection in the presence of DGs, 
and possible innovative solutions for resolving the operational conflicts between distribution networks and DGs are also discussed. 
 
Streszczenie. W artykule zaprezentowano przegląd metod zabezpieczeń przed przekroczeniem prądów dopuszczalnych w sieci z rozproszonymi 
generatorami. Szereg rozwiązań przeanalizowano pod kątem możliwych konfliktów między siecią dystrybucyjną i generatorami. (Przegląd 
zabezpieczeń prądowych w sieci z generatorami rozproszonymi)   
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1. Introduction 
Distributed generators (DGs) are a viable alternative for 

developing countries where the reliability of the grid supply 
lies below desirable levels. Because utilities are no longer 
embarking on building large generating plants, distributed 
generation serves as an alternative for generating energy 
resources [1]. There are many benefits to be gained from 
the installation of DGs; however, great penetration of DGs 
into distribution systems would lead to conflicts with the 
protection procedures currently in place in the present 
networks because the present distribution system is 
designed as a passive and radial network. A typical 
distribution protection system consists of fuses, relays and 
reclosers. An inverse overcurrent relay is usually placed at 
a substation where a feeder originates. Reclosers are 
usually installed on main feeders with fuses on laterals. The 
coordination between fuses, reclosers and relays is well 
established for radial systems; however, when DG units are 
connected to a distribution network, the system is no longer 
radial, which causes a loss of coordination among network 
protection devices [2]. The extent to which a DG affects 
protection coordination depends on the DG’s capacity, type 
and location [3-5].  

Deregulation of the electric power industry, 
advancements in technology and the desire of customers 
for cheap and reliable electric power has led to an 
increased interest in distributed generation. Compared to 
large generators and power plants, DG units possess 
smaller generation capacities and lower operational costs in 
distribution networks. However, the application of DGs with 
renewable energy resources offers many advantages, such 
as reduced environmental pollution, high efficiency, 
distribution loss reduction, improvement of the voltage 
profile and enhancement of network capacity [6-7]. The high 
degree of penetration of DGs has a considerable impact on 
the operation, control, protection and reliability of existing 
power utility systems [8-11]. An area that is critically 
affected by DG penetration is protection coordination of 
utility distribution systems [10]. The introduction of a DG 
into a distribution system brings about a change in the fault 
current level of the system and causes many problems in 
the protection system, such as false tripping of protective 
devices, protection blinding, an increase and decrease in 
short-circuit levels, undesirable network islanding and out-
of-synchronism reclosers [3, 12-16]. However, when a fault 
occurs in a distribution network, it is important to quickly 
locate the fault by identifying either a faulty bus or a faulty 
line section in the network [17-18]. Depending on the 
location of the fault with respect to the DG and the existing 
protection equipment, problems like bi-directionality and 

changes in the voltage profile can also arise. To ensure 
selectivity, proper coordination between relays, reclosers, 
fuses and other protective equipment is necessary. 
However, this coordination may be severely hampered if a 
DG is connected to a distribution system [19]. Therefore, 
many research studies have been carried out to develop 
possible solutions to overcome the overcurrent relay 
coordination problem for distribution systems with and 
without DGs. For distribution networks without DGs, the 
methods to solve the relay coordination problem are quite 
established [20-29], but for distribution networks with DGs, 
the solution to the relay coordination problem is still under 
development. 

This paper presents an overview of research studies 
related to the development of protection coordination 
methods in distribution networks with DGs. The operating 
issues that need to be addressed with regards to 
distribution protection with DGs are also discussed. 
 

2. Review of Protection Coordination Methods in a 
Distribution Network with DGs 

Due to the introduction of DGs in distribution systems, 
recent literature has introduced several new approaches to 
solve the coordination problem. The proposed solutions for 
the overcurrent relay coordination problem can be divided 
into two main approaches. The first approach is to obtain a 
new relay coordination status, and the second one is to limit 
fault current levels (FCL). These approaches are discussed 
briefly below. 
 

2.1. Obtaining new relay coordination status 
In this approach, researchers try to find new relay 
coordination methods for distribution networks with DG 
units using mathematics and computer-based methods. 
 
2.1.1. Adaptive protection scheme for distribution 

networks with DG 
Adaptive protection is a relatively new concept. It is 

defined as the ability of a protection system to automatically 
alter its operating parameters in response to changing 
power system conditions to provide reliable relaying 
decisions. 

A simple example has demonstrated the changes in 
fault currents passing through protection devices when DGs 
are connected to the system and suggests that protection 
coordination must be checked after connecting each DG to 
the distribution network [30]. However, this approach is 
applicable only in the presence of low penetration of DGs 
into a system. In radial distribution systems, the authors of 
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[31] proved that the protective devices can maintain their 
coordination based on the available margin in their curves. 

A study was performed on the fuse coordination 
problem, which suggested the disconnection of all DGs 
when a fault occurs as a solution [32]. The disadvantage of 
this solution is that it leads to the disconnection of all DGs, 
even when transient faults occur. The recloser-fuse 
coordination in the presence of DGs using microprocessor-
based reclosers was also addressed. It was suggested that 
all DGs located downstream to the recloser network must 
be disconnected first before reclosers takes place to avoid 
asynchronous connection. This solution is not appropriate if 
DGs are widely applied in distribution networks [32]. To 
solve the problem of disconnecting all downstream DGs, an 
adaptive protection scheme was presented in [2]. It is based 
on the division of the network into several zones. Zoning 
was achieved by considering locations, generation 
capacities of DGs and loads, with one zone for each DG. 
Starting from the beginning of a feeder, each zone extends 
to the end of the feeder, as long as the DG within that zone 
is capable of supplying the peak load of that zone. When 
the peak load of substations located in the zone exceeds 
the generation capacity of the zone's DG, the zone border is 
terminated, and two circuit breakers are installed at the 
beginning and end of the zone points. When there exists a 
second DG located within the supply limit of the first zone’s 
DG and as long as the zone’s average load does not 
exceed the generation capacity of the first DG while moving 
towards the end of the feeder, the second DG is regarded 
as being within the same zone, and the zone border is 
extended, as long as the zone’s average load does not 
exceed the sum of the two DGs’ capacities. Zoning from the 
beginning of a feeder towards its end is considered to allow 
more loads to be supplied upstream through the network. 
After network zoning and the determination of zones' 
boundaries, some switches that are capable of operating 
quickly and receiving remote signals are placed between 
each of the two zones of the system, as shown in Figure 1. 
These switches are also equipped with synchronization-
check relays. To implement the protection scheme, a 
computer-based relay with high processing power and large 
storage capacity is installed at the sub-transmission 
substation of the distribution network [2].   

 
Fig 1: Distribution network divided into several zones 

 
A more recent protection scheme for a distribution 

network with DGs considers the application of a multi-layer 
perceptron neural network (MLPNN) [33-34]. However, 
considering the structure and training algorithm of the 
MLPNN, the speed of this method is not suitable for fast 
and accurate protection. Zayandehroodi et al. [35] 
presented a new protection scheme for a distribution 
network with DG units using the radial basis function neural 

network (RBFNN). In the proposed method, the fault type is 
first determined by normalizing the fault currents of the main 
source. To determine the fault location, two staged 
RBFNNs have been developed for various fault types. The 
first RBFNN is used to determine the fault distance from 
each power source, and the second RBFNN is used to 
identify the exact faulty line. For fault isolation, a third-stage 
RBFNN is also developed to determine the open and closed 
states of the circuit breakers to isolate the faulty zones. 
Figure 2 shows an outline of the proposed protection 
scheme for a distribution network with multiple DG units.  

Fig 2: Automated protection scheme with RBFNN [35] 

One approach for avoiding major changes in protective 
devices such that the fuse-based protection is not disturbed 
by a DG was studied in ref [36]. However, theoretical 
studies of the impact of a DG on the current sensed by 
protective devices indicate that DGs may be blind to 
overcurrent protection [12]. For example, short-circuit 
current fed by a synchronous generator can decrease the 
current seen by the feeder relay or fuse, preventing or 
retarding correct operation. Another adaptive protection 
scheme for distribution networks with high penetration of 
DGs based on online diagnosis of occurred faults was 
introduced [2]. From the fault point of view, every source is 
presented as a voltage source behind the Thevenin 
impedance. If a fault point shifts from one bus to the 
adjoining bus, for a given type of fault, the Thevenin 
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impedance to a given source can increase or decrease. 
Thus, as shown in Figure 3, if a fault point shifts over a 
section (i-j) from one bus (i) to another (j), for a given type 
of fault, the fault current contribution from any given source 
can either continuously increase (IFmin to IFmax) or 
continuously decrease (I'Fmin to I'Fmax). Thus, the fault 
contribution from source "k" for a given type of fault 
occurring at any point between bus i and bus j will always 
lie between the contributions from source "k" to the same 
type of fault on bus i and bus j [2]. 

 
Fig 3 : Nature of fault contribution from a source “k” to a given 
type of fault on a line section between bus i and bus j [2] 

 
To maximize the generation that can be connected to a 

distribution network and to avoid unacceptable high fault 
clearing times, a new protection coordination strategy was 
proposed [37]. In this scheme, the overcurrent principle and 
the time-dependent characteristics of current were used. 
Such a strategy offers the additional advantage of being 
able to run extensive radial circuits or closed-ring 
structures, which minimizes the number of customer 
outages for fault conditions and fault clearing times and 
consequently fulfills the requirements of a deregulated 
multi-owner energy market [37]. Furthermore, [38] presents 
an adaptive overcurrent pickup scheme that updates the 
OC relay minimum pickup current based on the fault 
analysis of a system. However, this study focuses only on 
studying inverter-interfaced DGs. Zamani et al. [39] 
proposed an algorithm for the coordination of protective 
devices in typical radial distribution networks with DGs by 
assuming that a directional relay is employed at the 
beginning of the feeders that embed the DGs. Figure 4 
provides a graphical illustration of the protection 
coordination algorithm. 

 
2.1.2. Multi-Agent protection scheme for distribution 

networks with DGs 
An agent is a computer system that is capable of 

performing autonomous actions in this environment to meet 
its design objectives. Autonomy means that the 
components in an environment function solely under their 
own control. Agents operate and exist in some environment, 
which is typically both computational and physical. The 
environment provides a computational infrastructure for 
such interactions to take place. The infrastructure includes 
communication and interaction protocols [40]. 

Perera and Rajapakse [41] proposed a multi-agent-
based protection scheme for distribution systems with DGs. 
In the scheme, a power network is divided into several 
segments. Fault detection and isolation are performed by 
installing relay agents at the points of interconnection 
between different network segments, as shown in Figure 5. 

 
Fig 4: Flowchart of the protection coordination algorithm [39] 
 

The relay agents communicate with the neighboring 
agents through synchronous communication networks. This 
scheme uses a wavelet transform technique to identify the 
direction of fault current with respect to a node in the 
network. In case of a fault, the assigned relay agents 
collaboratively determine the faulted zone by acquiring the 
feedback signals from current transformers CTs situated on 
the interconnected branches, which measure the currents 
leaving the node. Wavelet transform coefficients (WTCs) 
are calculated after measuring the transient currents in 
these branches. A fault is designated to be internal or 
external based on the sign of the WTCs of the currents 
measured at all points. When the sign is the same, then the 
fault is designated to be internal; otherwise, the fault is 
deemed external. In cases of external faults, the fault 
direction can also be determined from the fact that the 
WTCs of the currents measured on the faulted branch have 
a sign opposite to that of the currents measured in the other 
branches.  

For a fault on any designated segment, relay agents 
determine the direction of the fault current with respect to its 
location and communicate this information to adjacent relay 
agents. Based on this information, the relay agents 
determine the faulted segment to issue correct trip signals 
to the relevant CBs to isolate the faulted segment. In this 
algorithm, a relay agent identifies a fault on the busbar at its 
location as an internal fault. In such a case, the fault is 
immediately cleared by the relay agent tripping all of the 
CBs connected to the busbar and communicating its 
decision to the other relay agents. 
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Fig 5: Structure of the multi-agent-based protection scheme [40] 

 
Wan et al. [41] proposed a similar multi-agent protection 

coordination scheme for  a substation with one Java Agent 
Development (JADE) Agent Container consisting of a 
substation management agent,  a number of relay agents, 
DG agents and equipment agents, as shown in Figure 6. 
The coordination strategy is embedded in every relay agent. 
In the coordination strategy, relay settings and time are not 
the only parameters that decide the relay coordination. 
These agents communicate amongst themselves and also 
with the substation management agent, DG agents and 
equipment agents to obtain successful coordination. The 
validity and effectiveness of this scheme have been 
demonstrated by applying it to an agent-based platform 
“JADE”. Communication simulation shows that successful 
information communication between agents can be 
achieved with this scheme. A major advantage of this 
scheme is its ability to self-check and self-correct. It can 
also act rapidly and provide a highly selective fault region 
backup function when the primary protection fails. Efforts 
are currently underway to improve the performance of the 
multi-agent system in coping with protection coordination 
within a more complex system. 

 
 

Fig 6 : Multi agent architecture for protection coordination [41] 
 

2.1.3. Expert system for protection coordination of 
distribution networks with DGs 

Expert systems are algorithms that function in a manner 
similar to human experts and can be represented in terms 
of knowledge, inference ability, and explanation. An expert 
system provides an explanation of how and why it reaches 
its decision, which can be used to check the validity of the 
decision as well as the knowledge and inference 
procedures associated with it [42]. An expert system has 
been used for protective relay coordination in a radial 
distribution network with small power producers [43]. The 
expert system employs a knowledge base and inference 
process to improve the coordination settings of protective 

devices to accommodate the penetration of distributed 
generators. The expert system feeds input data by means 
of a graphical user interface and develops coordination 
settings based on power flow and short-circuit analyses. 
The proposed structure of the expert system, as shown in 
Figure 7, has four modules: graphical user interface (GUI), 
engineering analysis, knowledge base, and inference 
engine. Initially, the configuration data of the distribution 
system and DGs are fed into the expert system via the GUI. 
The engineering analysis module then performs power-flow 
and short-circuit analyses. The analytical results are kept in 
the knowledge base module and then passed to the 
inference engine for the determination of protection 
coordination settings. Finally, the preliminary settings are 
displayed via the GUI for approval or revision by the user. 

 
Fig 7 : Proposed structure of an expert system for protection 
coordination [43] 

 
2.2. Limiting fault current levels 

Network splitting, sequential network tripping schemes, 
current-limiting reactors and fault current limiters (FCLs) 
can be used to limit fault current values. Fault current 
limiters are low-impedance devices that produce no action 
during normal operation. However, during a fault, an FCL 
takes fast action by inserting high impedance in series with 
the distribution system (DS) to limit the fault current value to 
a preset limit [44]. An FCL was applied at the beginning of a 
radial distribution feeder equipped with a DG in [45], as 
shown in Figure 8. In this configuration, the proposed 
approach restores the original relay setting by locally 
installing the FCL to DGs in series to limit their fault 
currents. Thus, by suppressing the DG impact during fault, 
the distribution system can be pushed toward its original 
state as if no DG existed. Based on the aforementioned 
suppression, the existing relay settings can be used without 
disconnecting the DGs.  

 
 
Fig 8: FCL–DG system interconnection [45] 

 
El-khattam and Sidhu [46] proposed two approaches 

based on an existing protection system’s capability for 
regaining the directional overcurrent relay coordination 
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status in a distribution system equipped with multiple DGs 
and without disconnecting the DGs during faults. For an 
existing adaptive protection system, the first approach is 
able to obtain the optimal number of relays and their 
locations and settings. Moreover, it considers the adaptive 
available relay setting groups (ARSG) under all ON-State 
DG combinations as well as the no-DG case. However, this 
approach may not be applicable when the number of DGs 
increases. In the second approach, for an existing non-
adaptive protection system, an FCL is introduced to locally 
limit the current drawn by a DG during fault and obtain a 
new relay coordination status without altering the original 
relay setting. The feasible minimum FCL impedance value 
for all of the ON-State DG combinations is then obtained. 
However, as individual DG capacity increases, the value of 
the FCL impedance and its cost increases, and this may 
become economically unfeasible. 

Another approach for restoring the original relay 
coordination in distribution systems with DGs is by 
implementing a thyristor-controlled series capacitor (TCSC) 
as an FCL. When the TCSC operates in the fault-current-
limiting mode, it limits the contribution of the DG in the fault 
current in the event of a disturbance anywhere in the 
distribution system [47]. The basic structure of a TCSC is 
shown in Figure 9. It mainly consists of four parts: a series-
compensating capacitor C, bypass inductor L, bi-directional 
thyristor SCR and zinc oxide voltage-limiter MOV. The 
degree of a TCSC’s basic compensation is controlled by the 
capacity or size of the capacitor C. The main function of the 
bypass inductor L is to reduce the short-circuit current and 
the energy absorbed by the MOV. The capacitor Xc and 
inductor XL are selected with respect to the minimum 
capacitive and inductive reactance requirement of the 
distribution system. Two impedance behavior regions for a 
TCSC can be identified: inductive and capacitive. When the 
firing angle reaches the resonance angle, the impedance of 
a TCSC can be infinitely large, and this region should be 
avoided. Therefore, implementing TCSCs provides an 
economical opportunity to limit the buses’ short-circuit 
currents without the need to upgrade the buses’ equipment. 
During the normal operation of distribution systems, a 
TCSC operates as a voltage regulator, thereby allowing 
more DG power to the grid without violating the voltage 
limits [47]. 

 
 

Fig 9: Configuration of TCSC [47] 
 

3. Protection Issues in the presence of DGs 
Conflicts between DG and protection schemes are 

typically due to unforeseen increases in short-circuit 
currents, lack of coordination in the protection system, 
ineffectiveness of line reclosing after a fault, undesired 
islanding and untimely tripping of generator interface 
protection. Conflicts between DG and protection schemes 
have been discussed in the literature, but effective and 
practical methods to solve protection malfunction due to the 

presence of DGs must be further investigated. Some 
practical cases related to these issues in a typical 
distribution network will be discussed in the following 
sections.  

 

3.1. Increase in short-circuit currents 
The fault contribution from a single small DG unit is not 

large, but the aggregated contributions from many small DG 
units, or a few large units, can significantly increase the 
short-circuit levels and cause fuse-relay or fuse-fuse 
miscoordination, which could affect the reliability and safety 
of distribution systems [6]. The incorporation of DGs may 
result in the mal-operation of existing distribution networks 
by providing the flow of fault currents, which are not 
expected when protection systems are originally designed. 
Generally, an increase in fault current largely depends on a 
number of factors, such as capacity, penetration, 
technology, interface and the connection point of a DG, in 
addition to other parameters such as system voltage prior to 
the fault [48]. 

 

3.2. Reverse Power Flow 
Radial distribution networks are usually designed for 

unidirectional power flow, forming the in-feed downstream 
to the loads. This assumption is reflected in standard 
protection schemes with directional overcurrent relays. With 
a DG in the distribution feeder, the power flow situation may 
change. If the local production exceeds the local 
consumption, the power flow will change direction. Reverse 
power flow is problematic if it is not considered in the 
protection system design [49]. 

 

3.3. Overcurrent Protection 
Overcurrent protection schemes for radial distribution 

systems are designed based on the available short-circuit 
ratios, maximum load currents, system voltage and 
insulation levels. The addition of generation on the feeder 
results in altered current flows in various parts of the feeder 
for faults at different points on the feeder. The primary 
concerns for DG interconnection are typically sympathetic 
tripping issues, failure of fuse-saving schemes, and the 
reduction of station breaker reach, potentially resulting in 
undetected faults. These issues are briefly addressed 
separately in the next section. 

 

3.3.1. Sympathetic tripping 
Sympathetic tripping is a concern due to the connection 

of DGs, which alters the flow of fault currents. This tripping 
occurs when a protective device operates unnecessarily for 
faults in other protection zones. Such tripping could be 
caused by the additional fault currents contributed by the 
DGs that were are included in the original feeder protection 
design calculations for typical radial distribution systems 
[50]. 

 

3.3.2. Fuse-Saving Disruption 
Many distribution companies employ fuse-saving 

schemes for their line reclosers that are installed at 
urban/rural boundaries. Fuse-saving is the practice of 
coordinating the feeder breaker or recloser to operate 
quickly relative to the lateral fuses.  It can be  accomplished 
by setting the first one or two recloser operations on "fast" 
curves, followed by two or three "delayed" operations. The 
fast operations are designed to beat the fuse melting time 
so that temporary faults caused by lightning, conductor 
slaps, or tree branches can be cleared without blowing a 
fuse. The presence of DGs downstream from the fuse will 
obviously contribute to fault current during breaker or 
recloser operation; hence, fuse-saving may not be possible 
[51]. 
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3.3.3. Reduction of station breaker reach 
Another potential overcurrent protection disruption is the 

de-sensitization of the feeder overcurrent protection, also 
referred to as the reduction of reach of feeder protective 
devices. “Reach” refers to the distance downstream of the 
protective device at which the device can detect a fault. 
Without a DG, only the utility source feeds a fault, and the 
currents flowing into the fault in a radial circuit are easily 
calculated. Utility protection engineers typically coordinate 
protective devices by setting the pickup current such that 
the device will operate for the selected smallest minimum 
fault current expected, which correlates to the highest 
impedance fault to be detected. The sensitivity of the feeder 
protection is reduced by inclusion of a DG between the 
protective device and the fault, because the DG unit will 
hold up the voltage profile across the up-line portion of the 
feeder. The presence of DG reduces the current seen by 
the protective device and reduces its sensitivity to the fault 
such that the fault must be closer to the protective device to 
be detectable. Another way of visualizing this situation is to 
picture the fault farther away as a result of the DG [51]. 

 

3.4. Temporary faults  
In radial systems, fault-clearing requires the opening of 

only one device because there is only one source 
contributing to the fault current. In contrast, meshed 
transmission systems require breakers at both ends of a 
faulted line to open. Obviously, when a DG is present, there 
are multiple power sources and opening only the utility 
breaker does not guarantee that the fault will clear quickly. 
Therefore, a DG is required to disconnect from the system 
when a fault is suspected and before the fast reclosing time 
has elapsed so that the system reverts to a true radial 
system, and the normal fault clearing process may proceed. 
In actuality, there is the possibility that a DG will disconnect 
either too quickly or too slowly, producing a detrimental 
impact on the distribution system., which creates numerous 
potential operating conflicts with respect to overcurrent 
protection and voltage restrictions. In this view, distributed 
generation seems to be rather incompatible, especially with 
fast reclosing during temporary faults. This procedure may 
not allow the DG units to have enough time to be 
disconnected from the network. In this case, DG units may 
sustain the voltage and fault arc, preventing successful 
reclosing in case of temporary faults.  

From the above consideration, it seems that the 
reliability of a power delivery system may be worsened due 
to the presence of a DG, unless anti-islanding methods and 
protection schemes are revised to ensure timely DG 
disconnection. However, changes in the present procedures 
will also be required to locate and isolate a fault, to 
determine whether it is sustained or not and, finally, to 
restore power to customers [52]. 

 

3.5. Undesired islanding and untimely tripping for faults on 
different feeders 

For islanding, distribution operators require DG units to 
be equipped with additional protective devices called 
generator interface protection, which is often referred to as 
anti-islanding protection using voltage relays, frequency 
relays and maximum zero-sequence voltage relays. This 
protection is required to disconnect the generator from the 
network when a feeder is tripped under abnormal system 
conditions. Anti-islanding protection prevents network 
portions from working under an islanded mode with the 
DGs, as in general, islanding is not allowed by standards in 
the majority of developed countries because it would cause 
safety and reliability problems. If islanding takes place, each 
generator is usually allowed to supply the preferential loads 

of a privately owned plant after disconnection from the 
network. 
 
4. Conclusion  

Grid-connected DGs have experienced rapid growth in 
the recent past and are expected to see exponential 
expansion in the future. In this paper, the existing 
technologies involved in development of the DG have been 
reviewed. Furthermore, the various methods for solving the 
overcurrent relay coordination problems in the presence of 
DG have been discussed. Several protection issues have 
been identified for situations in which DGs are connected in 
a distribution system. The protection requirements in the 
presence of DGs and some possible innovative solutions for 
resolving the operation conflicts between distribution 
network and DGs have also been addressed. 
 

REFERENCES 
[1] S. S. Venkata, et al., "What future distribution engineers need 

to learn," Power Systems, IEEE Transactions on, vol. 19, pp. 
17-23, 2004. 

[2] S. M. Brahma and A. A. Girgis, "Development of adaptive 
protection scheme for distribution systems with high 
penetration of distributed generation," IEEE Transactions on 
Power Delivery, vol. 19, pp. 56-63, 2004. 

[3] M. T. Doyle, "Reviewing the impacts of distributed generation 
on distribution system protection," in Power Engineering 
Society Summer Meeting, 2002 IEEE, 2002, pp. 103-105 vol.1. 

[4] L. K. Kumpulainen and K. T. Kauhaniemi, "Analysis of the 
impact of distributed generation on automatic reclosing," in 
Power Systems Conference and Exposition, 2004. IEEE PES, 
2004, pp. 603-608 vol.1. 

[5] J. J. Burke, Power distribution engineering: fundamentals and 
applications: CRC, 1994. 

[6] P. P. Barker and R. W. De Mello, "Determining the impact of 
distributed generation on power systems. I. Radial distribution 
systems," in Power Engineering Society Summer Meeting, 
2000. IEEE, 2000, pp. 1645-1656 vol. 3. 

[7] N. Jenkins, "Embedded generation," Power Engineering 
Journal, vol. 9, pp. 145-150, 1995. 

[8] T. Ackermann, et al., "Distributed generation: a definition," 
Electric Power Systems Research, vol. 57, pp. 195-204, 2001. 

[9] V. Calderaro, et al., "The impact of distributed synchronous 
generators on quality of electricity supply and transient stability 
of real distribution network," Electric Power Systems Research, 
vol. 79, pp. 134-143, Jan 2009. 

[10] S. P. Chowdhury, et al., "Islanding protection of active 
distribution networks with renewable distributed generators: A 
comprehensive survey," Electric Power Systems Research, vol. 
79, pp. 984-992, 2009. 

[11] M. K. Donnelly, et al., "Impacts of the distributed utility on 
transmission system stability," Power Systems, IEEE 
Transactions on, vol. 11, pp. 741-746, 1996. 

[12] K. Kauhaniemi and L. Kumpulainen, "Impact of distributed 
generation on the protection of distribution networks," in 
Developments in Power System Protection, 2004. Eighth IEE 
International Conference on, 2004, pp. 315-318 Vol.1. 

[13] G. Pepermans, et al., "Distributed generation: definition, 
benefits and issues," Energy Policy, vol. 33, pp. 787-798, 2005. 

[14] A. M. Massoud, et al., "Inverter-based versus synchronous-
based distributed generation; fault current limitation and 
protection issues," in Energy Conversion Congress and 
Exposition (ECCE), 2010 IEEE, 2010, pp. 58-63. 

[15] A. Fazanehrafat, et al., "Maintaining The Recloser-Fuse 
Coordination in Distribution Systems in Presence of DG by 
Determining DG's Size," in Developments in Power System 
Protection, 2008. DPSP 2008. IET 9th International Conference 
on, 2008, pp. 132-137. 

[16] M. Khederzadeh, et al., "Source type impact of distributed 
generation (DG) on the distribution protection," in 
Developments in Power System Protection (DPSP 2010). 
Managing the Change, 10th IET International Conf. 2010,  1-5. 

[17] H. Zayandehroodi, et al., "Automated Fault Location in a Power 
System with Distributed Generations Using Radial Basis 
Function Neural Networks," International Journal of Applied 
Sciences, vol. 10, pp. 3032-3041, 2010. 



148                                                  PRZEGLĄD ELEKTROTECHNICZNY (Electrical Review), ISSN 0033-2097, R. 87 NR 8/2011 

[18] H. Zayandehroodi, et al., "Performance Comparison of MLP 
and RBF Neural Networks for Fault Location in Distribution 
Networks with DGs," in IEEE International Conference on 
Power and Energy  (PECon 2010), Kuala Lumpur, Malaysia, 
2010, pp. 341-345. 

[19] B. Hussain, et al., "Impact studies of distributed generation on 
power quality and protection setup of an existing distribution 
network," in Power Electronics Electrical Drives Automation 
and Motion (SPEEDAM), 2010 International Symposium on, 
2010, pp. 1243-1246. 

[20] X. Chunlin, et al., "Optimal coordination of protection relays 
using new hybrid evolutionary algorithm," in Evolutionary 
Computation, 2008. CEC 2008. (IEEE World Congress on 
Computational Intelligence). IEEE Congress on, 2008, pp. 823-
828. 

[21] Dinesh Birla, et al., "Time-Overcurrent Relay Coordination: A 
Review," International Journal of Emerging Electric Power 
Systems Research, vol. 2 p. 1039, 2005. 

[22] A. J. Urdaneta, et al., "Optimal coordination of directional 
overcurrent relays in interconnected power systems," IEEE 
Trans. Power Del., vol. 3, pp. 903-911, 1988. 

[23] A. S. Braga and J. Tome Saraiva, "Coordination of overcurrent 
directional relays in meshed networks using the Simplex 
method," in Electrotechnical Conference, 1996. MELECON 
'96., 8th Mediterranean, 1996, pp. 1535-1538 vol.3. 

[24] B. Chattopadhyay, et al., "An on-line relay coordination 
algorithm for adaptive protection using linear programming 
technique," Power Delivery, IEEE Transactions on, vol. 11, pp. 
165-173, 1996. 

[25] H. A. Abyane, et al., "A new method for overcurrent relay (O/C) 
using neural network and fuzzy logic," in TENCON '97. IEEE 
Region 10 Annual Conference. Speech and Image 
Technologies for Computing and Telecommunications., 
Proceedings of IEEE, 1997, pp. 407-410 vol.1. 

[26] H. A. Abyaneh, et al., "A new optimal approach for coordination 
of overcurrent relays in interconnected power systems," Power 
Delivery, IEEE Transactions on, vol. 18, pp. 430-435, 2003. 

[27] A. Y. Abdelaziz, et al., "An adaptive protection scheme for 
optimal coordination of overcurrent relays," Electric Power 
Systems Research, vol. 61, pp. 1-9, 2002. 

[28] D. Vijayakumar and R. K. Nema, "Superiority of PSO Relay 
Coordination Algorithm over Non-Linear Programming: A 
Comparison, Review and Verification," in Power System 
Technology and IEEE Power India Conference, 2008. 
POWERCON 2008. Joint International Conference on, 2008, 
pp. 1-6. 

[29] P. P. Bedekar, et al., "Optimum coordination of overcurrent 
relays in distribution system using genetic algorithm," in Power 
Systems, 2009. ICPS '09. International Conference on, 2009, 
pp. 1-6. 

[30] N. Hadjsaid, et al., "Dispersed generation impact on distribution 
networks," Computer Applications in Power, IEEE, vol. 12, pp. 
22-28, 1999. 

[31] A. Girgis and S. Brahma, "Effect of distributed generation on 
protective device coordination in distribution system," in Power 
Engineering, 2001. LESCOPE '01. 2001 Large Engineering 
Systems Conference on, 2001, pp. 115-119. 

[32] S. M. Brahma and A. A. Girgis, "Microprocessor-based 
reclosing to coordinate fuse and recloser in a system with high 
penetration of distributed generation," in Power Engineering 
Society Winter Meeting, 2002. IEEE, 2002, pp. 453-458 vol.1. 

[33] N. Rezaei and M. R. Haghifam, "Protection scheme for a 
distribution system with distributed generation using neural 
networks," International Journal of Electrical Power & Energy 
Systems, vol. 30, pp. 235-241, 2008. 

[34] S. A. M. Javadian, et al., "A fault location and protection 
scheme for distribution systems in presence of dg using MLP 
neural networks," in Power & Energy Society General Meeting, 
2009. PES '09. IEEE, 2009, pp. 1-8. 

[35] H. Zayandehroodi, et al., "A New Protection Scheme for 
Distribution Network with Distributed Generations Using Radial 
Basis Function Neural Network," International Journal of 
Emerging Electric Power Systems, vol. 11, p. 3, 2010. 

[36] T. Tran-Quoc, et al., "Technical impacts of small distributed 
generation units on LV networks," in Power Engineering 
Society General Meeting, 2003, IEEE, 2003, p. 2464 Vol. 4. 

[37] J. Jager, et al., "New protection coordination methods in the 
presence of distributed generation," in Developments in Power 

System Protection, 2004. Eighth IEE International Conference 
on, 2004, pp. 319-322 Vol.1. 

[38] M. Baran and I. El-Markabi, "Adaptive over current protection 
for distribution feeders with distributed generators," in Power 
Systems Conference and Exposition, 2004. IEEE PES, 2004, 
pp. 715-719 vol.2. 

[39] A. Zamani, et al., "A strategy for protection coordination in 
radial distribution networks with distributed generators," in 
Power and Energy Society General Meeting, 2010 IEEE, 2010, 
pp. 1-8. 

[40] N. Perera and A. D. Rajapakse, "Agent-based protection 
scheme for distribution networks with distributed generators," in 
Power Engineering Society General Meeting, 2006. IEEE, 
2006, p. 6 pp. 

[41] W. Hui, et al., "An Adaptive Multiagent Approach to Protection 
Relay Coordination With Distributed Generators in Industrial 
Power Distribution System," IEEE Transactions on Industry 
Applications, vol. 46, pp. 2118-2124, 2010. 

[42] J. C. Tan, et al., "An expert system for the back-up protection of 
a transmission network," Power Delivery, IEEE Transactions 
on, vol. 15, pp. 508-514, 2000. 

[43] K. Tuitemwong and S. Premrudeepreechacharn, "Expert 
system for protection coordination of distribution system with 
distributed generators," International Journal of Electrical 
Power & Energy Systems, vol. In Press, Corrected Proof, 2010. 

[44] G. Tang and M. Iravani, "Application of a fault current limiter to 
minimize distributed generation impact on coordinated relay 
protection," in International Conference on Power Systems 
Transients (IPST’05) Montreal, Canada, 2005. 

[45] W. El-Khattam and T. S. Sidhu, "Restoration of Directional 
Overcurrent Relay Coordination in Distributed Generation 
Systems Utilizing Fault Current Limiter," Power Delivery, IEEE 
Transactions on, vol. 23, pp. 576-585, 2008. 

[46] W. El-khattam and T. S. Sidhu, "Resolving the impact of 
distributed renewable generation on directional overcurrent 
relay coordination: a case study," Renewable Power 
Generation, IET, vol. 3, pp. 415-425, 2009. 

[47]  M. Khederzadeh, "Application of tcsc to restore directional 
overcurrent relay coordination in systems with distributed 
generation," Prague, 2009. 

[48] S. Conti, "Analysis of distribution network protection issues in 
presence of dispersed generation," Electric Power Systems 
Research, vol. 79, pp. 49-56, 2009. 

[49]  H. Wan, et al., "Multi-agent application in protection 
coordination of power system with distributed generations," in 
Power and Energy Society General Meeting - Conversion and 
Delivery of Electrical Energy in the 21st Century, 2008 IEEE, 
2008, pp. 1-6. 

[50]  H. Cheung, et al., "Network-based Adaptive Protection 
Strategy for Feeders with Distributed Generations," in Electrical 
Power Conference, 2007. EPC 2007. IEEE Canada, 2007, pp. 
514-519. 

[51]  Y. Baghzouz, "Voltage Regulation and Overcurrent Protection 
Issues in Distribution Feeders with Distributed Generation - A 
Case Study," in System Sciences, 2005. HICSS '05. 
Proceedings of the 38th Annual Hawaii International 
Conference on, 2005, pp. 66b-66b. 

[52] S. Conti and S. Nicotra, "Procedures for fault location and 
isolation to solve protection selectivity problems in MV 
distribution networks with dispersed generation," Electric Power 
Systems Research, vol. 79, pp. 57-64, 2009. 

 
Authors: Hadi Zayandehroodi, Department of Electrical Eng. Anar 
Branch, Islamic Azad University, Anar, Iran 
(h.zayandehroodi@yahoo.com). 
Prof. Dr. Azah Mohamed and Dr. Hussain Shareef, Department of 
Electrical, Electronic and System Engineering, Faculty of 
Engineering, Universiti kebangsaan Malaysia, Selangor, 
Malaysia.(azah@eng.ukm.my) (hussain_ln@yahoo.com) 
Marjan Mohammadjafari, Department of Engineering, Science and 
Research Branch, Islamic Azad University, Tehran, 
Iran.(marjan_mohamadjafari@yahoo.com) 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


