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 

I. INTRODUCTION 

EVELOPING countries face many challenges 

regarding the reliability of electrical network 

which is below the acceptable levels that lead to 

enlarging the need of distributed generations (DGs). Besides 
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the desire of the consumers for a cheap and reliable energy 

source in comparison to the large generators, DGs penetration 

increased as they have smaller capacities, cheap operating 

costs, low environmental pollution, high efficiency, voltage 

profile improvement, and enhance the capacity of the 

electrical grid [1, 2]. 

Despite the huge benefits gained from the penetration of 

DGs, the large penetration leads to conflicts in the protection 

system of distribution systems as the design of distribution 

networks is a radial network, and penetration of DGs changes 

the nature of the network [2]. 

The protection system in the distribution network contains 

different types of protection devices such as overcurrent 

relays, and a combination of fuses, and reclosers. These 

devices are configured in the distribution network as the 

overcurrent relay is suited at the distribution system 

substations, reclosers are installed on main feeders, and fuses 
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 Abstract— This paper introduces an overview for the benefits of distributed 

generations (DGs) in many aspects related to reliability of distribution system. 

Also, introduce the issues developed in protection system regarding the 

penetration of (DGs) in distribution system. A review is introduced of different 

scenarios of coordination between the common protection devices such as 

overcurrent relays, fuses, reclosers in distribution system. Furthermore, a review 

of protection coordination scenarios that developed to mitigate the DGs 

penetration that divided into two scenarios, one of them with minimum change 

in protection system such as disconnect DG from network when fault happen, 

limits DG output current according to DG terminal voltage, and Optimal DG 

size and location. The other scenario introduces a modification in protection 

system component such as obtaining new relay coordination and limiting fault 

current levels. These scenarios are developed to obtain the protection system 

secure and reliable as before the penetration of DGs. A comparison between 

advantages and disadvantages of these scenarios in terms of cost, communication 

links are introduced. Also, a review of usage of fault current limiter device 

(FCL) as a practical solution to mitigate DGs penetration impacts in protection 

system. 
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are installed on laterals. Before the penetration of DGs, the 

coordination between these devices is ensured, but when DGs 

penetrated in the distribution system, radial system behavior is 

changed that leading to miscoordination between the 

protection devices [2]. The degree of miscoordination between 

protection devices depends on the capacity of DGs and their 

type and location [3, 4]. 

The negative impact from the DGs penetration is 

essentially generated from the increase in the level of fault 

current and the change of the direction that cause different 

issues in the protection of the distribution system like 

protection blinding, network islanding, false tripping, change 

in fault current levels, and change of voltage profile [5]. 

Regarding the DG penetration impacts, proper 

coordination between protection devices should be guaranteed. 

Therefore, many research studies developed solutions for 

these coordination problems in distribution systems regarding 

the DGs penetration.  

In this paper, an overview is introduced regarding the 

negative impacts of DGs penetrations and coordination 

methods developed to mitigate these impacts to ensure the 

validity of the protection system after DGs penetration in the 

distribution system.  

 

II. DISTRIBUTED GENERATION IMPACT IN THE 

PROTECTION SYSTEM 

Penetration of distributed generation produces many 

challenges for power system quality, stability, reliability, and 

protection system operation [6]. Negative impacts on the 

protection system may vary depending on the distribution 

system type and DG type that is used in the power system 

[6,7]. Particularly, the penetration of DGs in networks with 

meshed type largely modifies the magnitude and the direction 

of short circuit currents. In [8], DG type significantly affects 

fault current as synchronous generator type can feed large, 

sustained fault current while inverter-based type could be 

controlled so its output is limited to the nominal current.  

The negative impacts from DGs penetration led to serious 

malfunction for the operation of the protection system and 

urge for change equipment in the power system with high cost. 

Also, leads to blocking feeder protection and miscoordination 

of protective relays. Miscoordination between relays may 

affect tripping feeders not related to the fault that leads to 

unnecessary interruptions for the power source. These 

negative impacts lead to reducing the distribution system 

reliability. Furthermore, miscoordination could delay the time 

of clearance for the fault that resulting in high stresses on the 

equipment where reduces the lifespan [9,10]. Regarding these 

issues, an urge for developing techniques to mitigate the 

negative impact to DGs penetration.  

In the following section some of the practical issues 

obtained from DGs introduction in distribution system [5]:  

 

A. Increase Fault Current Level 

The increase of fault current level due to single DG may be 

neglected, but for a large number of DGs, the effect in fault 

current level could be significantly high which in turn produce 

miscoordination between protection devices [11]. This 

miscoordination severely affects distribution system safety 

and reliability. On other hands, DGs penetration effect on the 

flow of fault current which be different from the original 

designed flow. The change in fault current depends on DGs 

capacity, technology, and point of connection in the 

distribution system. 
 

B. Reverse Power Flow 

The design of a radial distribution system relies on the 

power unidirectional flow from the source side to the loads 

side. Regarding this design, protection schemes of distribution 

system use the directional overcurrent relays. Using DGs in 

the distribution system as a power source lead to modifying 

the direction of power flow which is considered as an issue in 

the protection system if it is excluded from the design of 

protection coordination [12]. 
 

C. Sympathetic Tripping 

False tripping is happened because of the ability of 

synchronous DG type to feed the sustained short circuit 

current [13]. This issue can be illustrated using Fig. 1 as the 

fault current occurs on feeder 1, but also feeder 2 trips because 

the DG is feeding the overcurrent. 

Directional overcurrent relay is used as a solution for false 

tripping, but with considering these rules: First, Change the 

Bus protection to trip from the main infeed relays. Second, 

The directional overcurrent relay is too expensive than a non-

directional one. 
 

 

Fig. 1 False tripping Principle 

 

D. Fuse-Saving Disruption 

Fuse saving scheme is used in the distribution system that 

protected with a recloser-fuse combination where recloser 
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operates quickly before the lateral fuses. This scheme is 

ensured as the recloser setting to be on a fast curve with a 

delay setpoint. Applying DGs downstream the fuse leads to 

changing the short circuit current to a higher value that led to 

fuse operation not being accurate [14]. 

 

E. Temporary Faults 

Normally, in a radial distribution system, the fault current 

is produced from only one source where during the fault 

clearing process, this source breaker should be open. With the 

presence of DGs, the source of fault become multiple sources 

where during clearing the fault, all sources for the fault should 

be disconnected, so DG should be disconnected when fault 

happens and before the reclosing time passed. The DG 

disconnection could be faster or slower which may impact 

overcurrent protection and voltage restrictions. In this 

situation, DGs may prevent the reclosing process during 

temporary fault happens [3]. 

 

F. Islanding Issues 

During island operation where the loss of utility connection 

from a part of the network, some issues face the protection 

system regarding the existence of DGs as follows: 

Reconnection of utility to the islanded part could be 

complicated, especially when using automatic reclosing where 

leads to failure of equipment and negatively affect the 

reliability of the system. 

The operator of the network may be unable to ensure the 

quality of the island due to abnormality in voltage, frequency, 

and the fault current level may decrease to lead to failure in 

overcurrent protection coordination.  

 

III. COORDINATION BETWEEN PROTECTIVE DEVICES IN 

THE DISTRIBUTION SYSTEM 

Protection coordination aims to find the best timing 

between protection devices when an abnormal condition 

happens in the distribution system. Normally, the coordination 

is done with the help of log-log paper, but nowadays, the 

usage of computer-based analyzing is increasing. 

Coordination is performed by dividing the distribution 

system by zones and if any fault occurred in any zone, the 

protection devices should act to clear the fault and disconnect 

the zone that is affected by the fault from the other zones. 

Proper overlapping should be maintained between all the 

network zones and prevent any zone not being protected [1]. 

Protection coordination aims to decrease the spread of the 

fault to minimize the number of consumers that could be 

affected, decrease service interruption due to faults, decrease 

the service outage by finding the location of faults. Depending 

on the protection devices that are commonly used in the 

distribution system, coordination between devices could be 

classified into the following: 

 

A. Fuse-Fuse Coordination 

To properly coordinate fuses, it is essential to ensure the 

main fuse maximum clearance time does not reach above 75 

percent of the value of the backup fuse minimum melting time 

as shown in Fig.2 to ensure that the protecting fuse always 

clear the faults before the backup fuse (protected fuse) [40]. 

The coordination between fuses is achieved through using 

the time-current characteristics with help of log‐ log paper 

same as the help of computer-based assisting tools in 

overcurrent relays coordination to make the coordination 

between fuses much easier [40].                             

 

B. Fuse-recloser Coordination    

The protection system is designed as the fuses are installed 

in remote positions far from the substation and the recloser 

installed near to the substation. So, during the occurrence of 

instantaneous fault upstream of the fuse, the fuse shouldn’t 

operate as the recloser should remove the fault by reclosing 

operation much time. But when the fault is permanent, the 

fuse must operate and melt to clear the fault [41,42]. 

The fuse-recloser coordination problem is studied in many 

studies with the penetration of DGs in the network. In [23], an 

adaptive scheme was introduced to solve the protection 

coordination problem between fuses- reclosers combination in 

a redial distribution network with a massive presence of DGs. 

In [43], a new technique is applied to enlarge the penetration 

of DGs without changing the coordination for fuse-recloser in 

a radial distribution system. 

Depending on the location of fuse-recloser to each other, 

the coordination can be varying. Whether the recloser location 

at the load side and then the fuse operation on the source side 

or vice versa as follows [40]. 

 

1) Fuse installed at the Source  

In this scenario, all the reclosers on wherein load side 

should operate before the fuse minimum melting time. 

Through using multiplying factors on the time-current curve 

of the recloser. These modifications in the recloser 

characteristics make it slower in operation but in the end, it 

should be faster than the fuse operation as shown in Fig.3. 

The multiplying factor is chosen depending on the time of 

reclosing and the reclosing times. It is important to take care 

of the voltage level of the fuse and the recloser as if the fuse in 

the high voltage side and recloser in low voltage side of the 

power transformer, the curves of the reclosers and fuses 

should be transferred in horizontal direction regarding the axis 

of the current to cover the transformer turns ratio. 

Usually, it is simple to transfer the fuse curve, depending 

on the tap of the transformer on the high voltage side that 

produces the highest current [40]. 
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Fig.2. Fuse- Fuse time/current characteristics 

 
2) Fuse installed at the Load  

To design the protection coordination between the recloser 

and the fuse in case the fuse is on the load side, it should 

guarantee that the fuse minimum melting time is bigger than 

the fast curve of the recloser after multiplying with 

multiplying factor as shown in Fig.4. 

 

 

Fig. 3 Source side fuse- Recloser time/current characteristics 
 

Also, the maximum clearing time of the fuse should be less 

than the recloser curve without using the adding multiplying 

factor [40]. 

For better coordination between fuses and reclosers, the 

recloser setting should be 2 times instantaneous operations 

then 2 times of operation with delay. When the recloser 

operates for the first time, it usually clears 80 % of the faults 

that happen temporarily and for the second time, it clears 

around 10% of faults. fuses on the load side are operating 

before the third operation to clear the permanent faults. 
 

 
Fig. 4 Load side fuse- Recloser time/current characteristics 

 

C. Relay-Relay Coordination 

During fault time, each relay (Main& Backup) senses the 

fault, but the main relay should work first, and after a specific 

time the backup relay acts [44]. Fig.5 shows a radial system 

that is covered by two relays where if the fault happens at F, 

relay 2 should act first as it’s the main where its operating 

time is less than the R1 which is considered the backup relay 

to guarantee selectivity in the protection system. 

Proper coordination between overcurrent relays is needed 

to guarantee a reliable, simple, and secure protection system. 

The coordination is accomplished by finding each relay setting 

which is pickup current (Ipickup) and time dial setting (TDS). 

 

 

Fig.5 Radial system with protective relays 

 

Many techniques are developed to find the coordination 

between overcurrent relays. These techniques are categorized 

into three types: trial-error techniques, topological techniques, 

and optimization techniques [45].  

The trial- error technique is common in the past with a 

slow convergence because of its large iterations that are 

needed to find the suitable setting for relays. the mentioned 

behavior for the trial-and-error method leads to develop a 

breakpoint technique that breaks all loops to reduce the 

iterations number. 

Topological techniques contain graph and functional 

methods to find the breakpoints. The solution obtained by this 

technique is considered the option settings best solution, but in 

any strict sense, it is not considered optimal. So, the TDS 

setting of the relay will be high. Also, the coordination 

problem is complex, So, the trial-error technique and 

topological technique are taking much time and not optimal 

solutions [40]. 
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Some researchers classify the previous methods into three 

sections as follows, curve fitting method, graph theory, and 

optimization method [45]. The curve fitting is based on 

obtaining the finest function. The coordination of the 

overcurrent relay is defined using the polynomial. In graph 

theory, utilizing the system structure determines the minimum 

group of breakpoints. The optimization technique reduces the 

urge to get the group of breakpoints which makes it popular 

among researchers [44, 46].  

In [47], the first researcher who applied optimization 

technique in directional overcurrent relays (DOCR) 

coordination problem and solved it as a nonlinear problem. 

Meta-heuristic methods are widely used to solve this problem 

include particle swarm optimization (PSO), genetic algorithm 

(GA), differential evolution (DE), harmony search (HS), 

artificial bees colony (ABC), honey bee algorithm (HBA), 

seeker optimization algorithm (SOA), and biogeography-

based optimization. In [48], illustrated that the techniques 

regarding nature behavior are more suitable to solve complex 

problems. In [49, 50], the PSO technique is applied as a solver 

using the natural behavior of bird groups and fish schooling. 

ABC technique in [51] simulated the behavior of honey bee 

swarms and applied this algorithm to the 9-bus power system 

and found that the algorithm’s exploration done very well but 

exploitation is not good enough where it suffered to look for 

the optimal solution. HBA technique in [52] is based on 

moving bees in the colony looking forward to the food where 

the proposed method enhances the performance of HBA by 

using a modified neighborhood search. 

PSO algorithm is applied first in [53] to solve a nonlinear 

optimization problem. PSO is considered a popular solver for 

many application problems that use optimization to be solved. 

In [54] illustrated that PSO can be used to solve many power 

system problems. These problems are classified into linear 

programming (LP), nonlinear programming (NLP), and 

integer programming (IP). LP is applied to a problem 

categorized using linear equality and inequality constraints 

such as operation and planning, state estimation, economic 

dispatch, power flow, protection system coordination, and 

maintenance program schedule. IP is applied for cases where 

the variables’ constraints are taken as integer values. 

Applications of IP in the power system are for security 

assessment, generation planning, transmission system design, 

loads management, and distribution network planning. NLP is 

generally used where the objective function and the problem 

constraints are nonlinear such as voltage profile security, 

power system operation, planning and quality, dynamic 

security, capacitor position placement, reactive power control, 

and optimization of controller parameters.  

Many authors introduce a combination of PSO and 

different evolutionary computation (EC) techniques to 

increase the population diversity by stopping the particles to 

move in a way too close to each other and be collided and let 

the self-adapting for optimization parameters such as the 

acceleration constants and inertia weight. In [55] a hybrid PSO 

technique with linear programming (LP) where LP is used to 

obtain time multiplies setting (TMS), so the search space 

becomes smaller for PSO technique to find the suitable 

Ipickup.  

In [7], In addition to taking into consideration near-end 

faults, it also deals with far-end faults and different topologies 

for the power system which may happen due to change in 

system configuration. So, the coordination problem becomes 

more complicated with many constraints. For this reason, the 

hybrid particle swarm optimization gravitational search 

algorithm (PSOGSA) is applied to the DOCR coordination 

problem to define the optimal solution for the relay 

coordination problem.  

 

IV. PROTECTION COORDINATION METHODS FOR 

MITIGATION DGS PENETRATION 

Many approaches are introduced to solve coordination 

problems raised due to the penetration of DGs. These 

approaches could be classified into two sections, one section is 

regarding minimal changes in the conventional protection 

system that in turn will reduce the costs of mitigation DGs 

impact. The other approach is regarding some modification in 

the conventional protection system of the distribution system 

by applying new components related to the protection system. 

 

A. Strategies for Conventional Protection Schemes with 

Minimal Changes 

In this section, mitigation of the negative impact of DG is 

introduced by applying strategies where the low change in 

conventional protection schemes is applied. These strategies 

are governed by minimizing the implementation costs. A 

comparison between the advantages and disadvantages of 

these approaches are shown in Table 1. 

 

1) Disconnect DGs at fault condition 

In this solution, the interconnected DGs in the distribution 

system should be disconnected during the fault time 

immediately to avoid the protected zones being affected when 

the fault happens and prevent islanding so no change in 

protection coordination is required after adding DGs in the 

distribution system. In [15] a proposed study related to fuse 

coordination problem that disconnects all existing DGs during 

fault status.  

Using this method leads to limit the DG capacity in the 

system and reduces the capability of DGs to act as a backup in 

the system, and DG disconnection could disturb the network 

which may affect the system reliability.  

Meanwhile, for a distribution system that is equipped with 

an islanding capability, the optimal solution is the DG stays in 

service where the usage of DGs is increased, so some loads 

that in healthy portion could be supplied. If this is applicable, 

this improves the reliability of the network. For this strategy, 

the DG should remain connected to sustain the recovery of 

voltage by using fault ride through capability (FRT) [16]. 
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2) DG remains connected when Faults happen 

In this scenario, DGs that have FRT capability is used to 

avoid the DGs being disconnected from the islanded part of 

the network part because of the faults. Using FRT helps in 

protecting supplying the customers and to help the network at 

contingencies period [16]. The idea of FRT is to delay the 

time of trip the circuit to prevent disconnection of DGs. 

 

3) Limiting DG Output Current 

In [17], a method is proposed to reduce the negative 

impact of DGs by inverter-based DGs in the distribution 

system. This could be done by limiting the output current of 

the DG regarding terminal voltage of the DG. this method 

effectively utilizes the DG sizes and does not apply any 

modification in the existing network. 

 

4) Optimal DG size and location 

This technique aims to obtain the optimal size and location 

for the DGs that penetrate the network where the protection 

system could be fulfilled and not affected with the penetration 

of DGs by applying optimal power flow to limit the capacity 

of DG and enable the decision maker to decide the investment 

in the future [18]. In [19], a combination between two 

different optimization methods is introduced to define the 

optimal size and location of DGs in the distribution system 

using cuckoo search (CS) technique and grasshopper 

optimization algorithm (GOA) which is tested in IEEE 33-bus 

system and IEEE 69-bus system. 

 

5) Resetting of some or all protective relays 

Resetting of protective relays is another strategy stated in 

[20]. Though it is simple and cheap, it is a time-consuming 

process for operation staff in large systems [21]. Also, any 

fault could happen during this process that may be treated in a 

wrong way by the protective relays that leads to maloperation 

for the protection system. 

 

B. Strategies with Modified Conventional Protection 

Schemes 

This section is based on strategies to mitigate DG 

penetration negative impact through modification in the 

conventional protection schemes for protection devices after 

penetration DGs in the distribution system using mathematical 

and computer-based techniques. A comparison between the 

advantages and disadvantages of these approaches is shown in 

Table 2. 

 

1) Protection relays strategies 

This solution is describing strategies of using relays as 

main protection devices to mitigate the negative impact of 

DGs penetration as follows: 

 

1.1) Directional overcurrent relay 

Penetration DGs transfer the nature of distribution system 

current flow to be bidirectional which increase the importance 

of directional feature to be existing in the overcurrent 

relays [21]. 
 

1.2) Distance relay 

Distance relay is considered as a main protection relay for 

transmission network, beside in used also in distribution 

system. Distance relay has a direction element that make it 

suitable to used in meshed systems. In [70] introduces using 

distance relays to mitigate the reverse power flow effect due to 

integration of DGs. 
 

1.3) Differential relay 

In [71], bidirectional current flow and increase in fault 

current level as results of DGs penetration is mitigated using 

proposed strategy using differential relay. 

 

2) Modifying the network equipment 

This solution is based on reconfiguring the network and 

resizing the network breakers to be suitable for the new 

current profile after adding DGs in the distribution system 

which is a costly and complicated solution [22]. 

 

3)  Obtaining new relay coordination 

This section is based on modifying the coordination 

between the protection devices directly if the parameters of the 

network changed because of adding DGs and this could be 

achieved through different techniques as follows: 

 

3.1)  Adaptive protection scheme  

This scheme is based on automatic change for the 

protection parameters regarding any change in power system 

parts to keep the protection system acting properly with the 

changes. 

In [23], the proposed technique provides relays with the 

ability to interact with any change that could happen through 

the network where communication between these devices and 

the measurements of current and voltage that make the setting 

of the device could be changed dynamically with using a 

processing computer.  

The adaptive protection scheme relies on the used 

communications that could face cybersecurity attacks and 

reliability problems. Also, this technique faces high costs and 

technical complexity. 

Adaptive protection usage enables microgrid topologies 

protection against all fault scenarios by a pre-calculated 

setting for the relay to cover different topologies and save 

them in its memory. When the topology changes, the relay 

updates its setting with a new one from the memory. A new 

type of relay can save at least 6 settings to cover different 

scenarios for the fault which in turn improves the relay 

sensitivity [24]. 

In [25], the fuse-recloser coordination problem is studied, 

and disconnecting all DGs in the distribution system during 
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fault time is proposed as a solution. This solution is not 

practical as it disconnects all DGs, and it would be not 

efficient to be applied in networks that have large penetration 

of DGs. An adaptive protection scheme is suggested to fix the 

issue related to disconnecting DGs as it divides the network 

into many zones taking into consideration the DGs location 

and size as each DG is in one zone. After performing the 

zoning process and determining each zone boundaries, 

switches are installed between every two zones that can 

receive a remote signal, operate quickly, and ability to 

synchronize during reconnect as shown in Fig.6. to achieve the 

adaptive scheme, a computer-based relay is suited in the 

substation that has high processing and storage with large 

capacity. 

A new protection coordination scheme is proposed in [28] 

to increase the generation units that could be installed in the 

distribution system and to avoid high fault clearing periods. 

the time-dependent characteristics of current, and the 

overcurrent principle are used in this scheme where introduces 

 

 
Fig. 6 several zones in distribution system with switches 

 

 the ability to run large radial systems or meshed 

structures, so reduces the outage times and fault clearing 

times. Also, in [29], it is presented an adaptive protection 

scheme that modifies the pickup current values regarding the 

analysis of fault current. However, it only focused on inverter-

based DGs. In [30], A fast protection scheme is proposed 

based on setting groups in each overcurrent relay using 

Particle Swarm Optimization-Integer Linear Programming 

(PSO-ILP) algorithm. In this scheme, each relay changes its 

setting group individually regarding the change in network 

configuration to keep the coordination between relays 

fulfilled. 

 

3.2) Multi-Agent protection scheme 

The concept of a multi-agent protection scheme is a 

computer-based system that can perform autonomously to 

achieve its purpose. Autonomy phenomena is that the 

components of the system could work solely regarding their 

control. The environment that agents can function is typically 

computational. The infrastructure contains communication 

protocols [31]. 

In [32] a multi-agent scheme is proposed where the 

network is divided into many segments. The processes of 

detecting of the fault current and isolating of the fault are 

established by the installation of the agents of the relays at the 

interconnection points between the segments in the network, 

as shown in Fig.7. 

Communications are occurred between each agent and the 

near agents through networks by using a wavelet transform 

mechanism to define the fault current direction regarding a 

node in the distribution system. When a fault happens, the 

corresponding agents define the faulty zone by collecting 

feedback signals from every current transformer (CT) that is 

suited to the interconnected network branches. 

The calculation for Wavelet transform coefficients (WTCs) 

is performed after fault current is measured in the branches. 

Depending on the sign of (WTC), the fault current can be 

classified as internal or external. Relay agents can determine 

the fault current direction and transmit the data to the close 

relay agents. Then, the relay agents can define the faulty 

segment to send the correct trip signals to the regarding CBs to 

clear the faulty segment. 

 

 

Fig. 7. Multi-agent-based structure network 

 

3.3) Expert system for protection coordination 

The concept of the expert system is an algorithm that 

functions in a way like human experts [33]. This strategy is 

applied to protection coordination in a radial network [34]. 

This strategy uses a knowledge base technique to improve 

the protection coordination of the protection devices to 

mitigate the negative impact of the penetration of DGs. This 

could happen by receiving input data through using a user 

interface to develop relays settings based on power flow and 

short-circuit analyses [34]. 

 

4) Limiting fault current levels 

In this approach, mitigation of DGs impact is obtained 

through modification of fault current levels through using 

external devices such as energy storage devices and fault 

current limiters (FCL) to make the fault current to the value 

before adding DGs. 
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4.1) Energy storages scheme 

During the operation of islanded mode, the fault current 

value produced from the inverter-based DG is remarkably less 

than before islanded mode. Regarding this, the protection 

relays cannot initiate the overcurrent protection relays that are 

suited in the system. 

Because of this issue, the network needs to install energy 

storage devices that could increase the fault current level such 

as batteries, flywheels, and capacitors to allow the protection 

devices to work properly [16]. These devices are expensive 

which is considered as the main issue in using them in the 

distribution system. 

 

4.2) Fault current limiter  

FCL is used as a solution to limit the value of fault current, 

as it can reduce the fault current levels to the levels before 

adding DGs in the network [35, 20, 36]. In normal operation, 

its impedance is negligible and does not cause any voltage 

drop and connected in series and fault condition, its 

impedance increase to reduce the fault current [37].  

In [38], Two scenarios are suggested based on the existing 

protection system to regain the protection coordination 

between overcurrent relays in the network that are equipped 

with DGs and without the need to disconnect the DGs from 

the system during faults. The first approach applied for an 

adaptive protection system, this approach decides the optimal 

number of relays, their settings, and locations. The second 

approach is applied for a nonadaptive protection system where 

uses the FCL. 

In [39], a proposed scenario is used to define the optimal 

allocation for FCLs in distribution system considering 

different configuration which is tested in IEEE 30-bus system. 

 

V. APPLICATION OF FCL AS SOLUTION FOR DGS 

PENETRATION 

FCL is equipment that is installed in series in the 

distribution system to reduce the fault current levels. FCL is 

designed to have approximately zero impedance value at 

normal operation without faults and during the fault, a large 

impedance is introduced in the line to limit the fault current.  

Applying FCL in the network as a solution for the negative 

impact of penetration of DGs has many challenges as it is 

considered the extra cost and short life in comparison to the 

traditional circuit breakers, and maintenance cost. To 

overcome these issues and any negative impact from using 

FCL in the network in the operation of the protection devices, 

a proper allocation for the FCL should be executed for 

efficient and practical usage of FCL [56].  

Using FCL in a power network not only for limiting fault 

current, but also has many benefits as reducing inrush current 

of transformers, voltage sag, loss of power, damping of low-

frequency oscillation, and improving reliability, quality of the 

network. 

The impedance of  the FCL that installed is represents the 

size of the FCL which is a function of cost as the size increase, 

the cost increase [21].  Regarding the fact that FCL can reduce 

the fault current levels to levels before adding DGs, So, the 

need to replace power system equipment or reset the 

protection system disappears [57]. Also, FCL enhances the 

reliability of the power system by limiting the failure times of 

the system components [58]. 

Although the solid-state type of FCL has many advantages 

regarding other types, the losses of switching are considered 

as the major issue for it [59]. 

To solve these problems and to design an economic FCL, 

the hybrid fault current limiting device is developed. The 

advantages of the hybrid FCL are it can direct a half-cycle 

current and then in the second half cycle, it can limit the fault 

current which obtains optimal limiting for the fault current. 

Fig. 8 shows the hybrid SFCL schematic, the hybrid SFCL 

contains the following parts: the high temperature 

superconducting (HTS) element that senses the fault current 

and is used for commutating the fault current, but not used for 

reducing the current. So, the length of the superconductor can 

be reduced and hence reduce the total cost.  

The fast-switching element that contains a driving coil, a 

short contactor, and a vacuum interrupter. The driving coil is 

suited on a path that is connected parallel with the 

superconducting element. After the commutation of the fault 

current, the driving coil produces repulsion force. Because of 

this force, the contacts of the vacuum interrupter are separated 

at high speed. The current limiting element could be resistive 

or inductive [60].  

In [61], Selecting the FCL size and type is performed using 

the optimization technique. But the coordination problem 

between relays does not apply. Also, in [62] the authors are 

proposed a scenario to find the optimal location and size of 

FCLs in a meshed network by applying mixed integer 

nonlinear programming technique. 

In [62], the application of FCLs is proposed to restore the 

protection coordination after penetration of DGs where the 

FCLs location and size are defined through using the trial-and-

error method. But the FCLs that result from this approach 

have large sizes which in turn increase the costs.  

In [21], the authors applied optimal planning with different 

types of FCLs to solve the relay coordination problem after 

adding DGs. Although the obtained small FCLs sizes, the cost 

of FCLs remains high.  

In [20], an approach is introduced which combines the 

application of FCLs with resetting relays to solve the relay 

coordination problem. This technique defines FCLs location 

through try ad error. Then, apply resetting to one relay to 

reduce the total size of FCLs. 

But the resulted FCLs sizes and locations are not an 

optimal solution. 
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TABLE 1 

 COMPARISON OF STRATEGIES FOR CONVENTIONAL PROTECTION SCHEMES WITH MINIMAL CHANGES 

Strategies Advantages disadvantages 
Protection 

devices 
Costs 

1-Protection relay 
strategies 

    

a- Overcurrent 

relay 

 Sense the current flow from 

both directions. 

 High selectivity capability. 

 High cost. 

 Difficulties in coordination for all 

possible scenarios. 

Overcurrent 

relay 

Expensive 

b- Distance relay  Setting of the relays remain 

constant for wide range of 

changes. 

 Faster in comparison of 

different relays. 

 Required voltage transformer that 

adding costs. 

 Complicated setting procedures. 

Distance relay Reasonable 

c- Differential relay  Not affected by the negative 

effect of bidirectional flow 

 Difficult to apply and need 

communication links. 

Digital relay Expensive 

2- Disconnect DGs at 
fault condition 

 

 Protect healthy zone at faults. 

 Prevent islanding condition. 

 Protect DG itself. 

 No need to change protection 

devices settings. 

 Limiting the network DG capacity. 

 Reduce the capability of DG as an 

alternative source. 

 Reduce system reliability due to 

disconnection of DGs every time fault 

occurs. 

Overcurrent 

Relay 

Reasonable 

3-DG remain 

connected 

 Possibility of increasing FRT 

capability. 

 Support voltage recovery. 

 Increase reliability and 
security of the network. 

Applying FRT capability enhancement 

techniques is expensive. 

 FRT is depending on the robustness of the 
network. 

 Difficult to detect and isolate the fault. 

Risk of islanding. 

Overcurrent 

Relay 

Expensive 

4- Limiting DG Output 
Current 
 

 Implementation easily 

 No limitation to the size of 

existing DGs. 

 No modification in network.  

Applicable only for inverter based DGs  Fuse-recloser 

combination 

Reasonable. 

5- Optimal DG size and 

location       

 No effect on protection system. 

 Efficient application of the 

new DGs added according to 
optimization methods. 

 Minimize loss of protection 
coordination. 

Limiting adding DGs regarding their rated 
capacity. 

 Difficulties in determining the DG size 
and placement because of the geographical 

constraint, and land area. 

 Decrease the chance to sell electricity 
when DG has extra generated power because 

of the limitation of DG capacity. 

Overcurrent 

Relay 

Reasonable. 

 

TABLE 2 

. COMPARISON OF MODIFIED PROTECTION STRATEGIES FOR CONVENTIONAL NETWORK CONNECTED WITH DG 

 

Strategies Advantages disadvantages Communication 

link 

Costs 

1- Obtaining new 

relay coordination 

Dynamic change features in relay 
coordination setting. 

Improves the speed of operation 
through using communications. 

Standardized the communication by 
using of universal protocol language. 

Higher cost of applying analysis data as it 
takes large  

Computational storage. 

Usage of expensive digital relays and 
advances network infrastructure for 

communication. 

Miscoordination between protective devices 
if any failure happens in communication.  

Need for 

communication 

infrastructure. 

Expensive 

2- Limiting fault 

current levels 

Cost of using FCLs is lower than 

Upgrade sub-station. 

Suitable solution for network 
multiple DGs penetration. 

Using FCLs increases the recovery 

time where 

reduced disruption. 

Reliability improvement through 
using FCLs. 

Quick grid voltage recovery 
through usage of energy storage. 

Difficulties in determining the FCLs 
Impedance values for the rotating-based DG. 

Use of expensive storage devices to 
withstand high levels of fault current. 

Limited usage of energy storage for DGs 

inverter 

Based. 

No need. Reasonable. 
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In [63], the authors suggested an approach to obtain FCLs 

allocation to limit the current surges by using two-stage 

scenarios. A combination of hierarchical fuzzy logic with a 

generic algorithm is applied to obtain the optimal locations of 

FCLs. After that, the PSO technique is introduced to obtain 

the optimal size of the FCL. The authors in [64] suggested an 

index for protection coordination. Then, using this index in 

finding the locations and sizes related to the FCLs. A proposed 

approach is developed to obtain the optimal FCL size by using 

biogeography optimization technique as stated in [65].  

In [66,67], superconducting fault current limiter is applied 

to mitigate the effect of DGs penetration through 

reestablishing the protection coordination between fuses and 

reclosers by limiting the DGs share percentage in fault current 

to obtain the levels before adding DGs. 

 

 
Fig. 8 Simple structure for Hybrid SFCL 

 

In [68], application of FCL that connected in series to the 

DGs location as a solution to mitigate the DGs penetration 

negative impact. In [69], the author introduces the usage of 

directional fault current limiter between the microgrid and rest 

of the network as a solution to mitigate the negative impact 

results from integration of DGs in microgrid. 

 

VI. CONCLUSION 

Protection system faces many challenges due to the large 

penetration of DGs, these challenges are addressed which 

mainly appear because of DGs fault current sharing that 

increase the fault current levels and their direction. 

Different strategies for solving these challenges are 

discussed. Some strategies depend on minimum change in the 

protection system and others depend in noticeable change in 

the configuration of the protection system. A comparison 

between these strategies is performed regarding cost and 

complexity to apply is addressed. The comparison shows the 

benefits of using FCL as a optimal solution.  
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Title Arabic:  

 

 نظرة عامة على نظام تنسيق الحماية في نظام التوزيع

 .الموزع وجود التوليدمع  
 

Arabic Abstract: 

يمذو ْزا انثحث َظشج ػايح ػهى فٕائذ انتٕنيذ انًٕصع فى صيادج دسجح الاػتًاديح 

نُظاو انتٕصيغ , ٔانًشاكم انُاتجح ػهى يُظٕيح انٕلايح  تسثة تذاخم انتٕنيذ انًٕصع. ٔ 

ػلأج ػهى رنك ,  .ايضا يشاجؼح انسيُاسيْٕاخ انًختهفح نهتُاسك تيٍ اجٓضج انٕلايح

ٔتمذيى يماسَح تيٍ ْزِ  دخٕل  انتٕنيذ  انًٕصع ُسيك انحًايح تسثة يشاجؼح طشق ت

انطشق انًختهفح ٔانتى تُمسى لإَاع راخ انتغييش انثسيظ ػهى َظاو انٕلايح ٔالإَاع انتى 

تؼتًذ ػهى تؼض انتغيشاخ انكثيشج ػهى َظاو انٕلايح ٔرنك نهحصٕل ػهى َظاو ٔلايح ايٍ 

انتٕنيذ انًٕصع فى انشثكح ٔتٕضيح ػيٕب ٔ  ٔيٕثٕق تّ ٔرنك كًا كاٌ لثم ٔضغ

يًيضاخ انطشيمتيٍ.ٔايضا يشاجؼح ػهى استخذاو جٓاص يحذد تياس انخطا كحم ػًهى نتمهيم 

 تاثيش ظٕٓس انتٕنيذ انًٕصع فى انشثكح.
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