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 A microgrid is a developed form of a distribution system, which is integrated 

with a set of different types of distributed generation (DG) to supply local 

demand. In spite of that microgrids have many advantages as they increase 

reliability, raise efficiency, decrease feeder losses and voltage sag correction. 

However, there are many technical challenges faced, one of them is the 

protection of microgrid. Conventional protections have been made for radial 

distribution systems configuration. Where supplying source has one 

direction and the power flow is defined. The DG penetration converts the 

distribution network to a multi sources system causes a bidirectional power 

flow. Also, the most of DG uses a DC to AC converter which limit the fault 

current level. Therefore, a suitable protection scheme for microgrid ought to 

be designed to protect a microgrid from any disturbances may occur for both 

modes of operation grid-connected and islanded. The purpose of this paper is 

to summarize the challenges and problems facing microgrid protection. As 

well as the most strategies to date are presented with a discussion of their 

basic principles of operation to solve these problems. Finally, some 

conclusions and suggestions for microgrid protection in the future are 

presented. 
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1. INTRODUCTION 

The microgrid can be defined as a distribution system that is integrated with a set of different types 

of distributed generation (DG) such as diesel engine, microturbine, fuel cells, storage batteries and renewable 

energy sources for supplying local demands. The microgrid can be operating in islanded or grid-connected 

mode for radial or loop configuration [1]. For grid-connected mode, the load in microgrid was supplied by 

the utility and microgrid sources. While during the islanded mode, only microgrid sources will be responsible 

for power generation. 

Microgrid has many advantages over traditional systems where it can increase reliability by 

supplying the islanded network during the disturbance in the main grid. Also, it can mitigate overload 

problems from the grid and main grid maintenance is possible while the load supplied by DGs [2]. In spite of 

that, microgrid represents one of the most important solutions to problems of traditional generation-based 

fossil fuel, but there are many technical challenges faced acting as protection, voltage and frequency control. 

https://creativecommons.org/licenses/by-sa/4.0/
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The design of an appropriate protection scheme for microgrid is a major challenge for the microgrid 

operation. The penetration of DGs in traditional distribution system changes the protection schemes features 

due to the traditional distribution networks usually be the radial configuration with the unidirectional source. 

The DG units located in a microgrid can change fault current paths, lead in bi-directional power flows, 

increase fault currents and impact protective devices operations. In addition to fault current levels are low 

because of inverter-based sources is connected in islanded microgrid [3]–[7].  

This paper aims to summarize the challenges and problems facing microgrid protection in addition 

to the solution suggested so far, as the solutions classified into seven schemes based on the principles of 

operation with a discussion of their disadvantages. The organization of the paper is as follows: section 2 

describes the impact of DGs on microgrid protection. Section 3 outlines the existing protection schemes. 

Section 4 discusses the general features of protection schemes. The paper is finally concluded in section 5 

with some recommendations for the microgrid protection in the future. 

 

 

2. IMPACT OF DGs ON THE MICROGRID PROTECTION 

The previous studies show that conventional protection for distribution networks have faced many 

challenges when the DGs are installed. The conventional protections have been made for radial distribution 

system configuration, where supplying source is only one and the power flow is defined. The installation of 

DGs to the distribution system leads to multi-sources of the current which alter the currents flow during a 

fault in a different section of the feeder circuit, besides increase the fault current level. The most common 

challenges mentioned in previous studies are as follows [8]–[16]: 

 

2.1.  The different in fault current level 

During the growing penetration of DGs to the distribution network, which previous to that period 

have a load only without any local power generation, where, only one power source supplies the fault current. 

While, installation of DGs leading to an increased fault level. It is largely difference in the fault current level 

in the two operation modes of a microgrid as shown in Figure 1.  

In grid-connected mode, the fault current is supplied by the main grid and DG. While in islanded 

mode, the microgrid is disconnected from the utility. Therefore, only the DG feed fault current. The 

complexity is that these DGs have a limited fault current, typically this fault current is about twice their rated 

current. This is not enough to trip conventional protective devices and therefore other protection strategies 

have to be established. Where If is the fault current, IM is the main grid current and IDG is the DG current  
 

 

 
 

Figure 1. The contribution of main grid and DG for fault current 
 

 

2.2.  False tripping 

Unnecessary disconnection or false tripping happen when the relay operates for faults in an outside 

zone of protection. In grid-connected operation mode of microgrid, when a DG is connected to one of the 

microgrid’s feeders and an adjacent feeder has a fault, then in such a situation, if the DG size is adequately 

large, a part of the fault current is supplied by the DG. Which leads to override the pick-up current value of 

the relay that installs in the healthy feeder. Then the trip will happen before the responsible relay is operate as 

shown in Figure 2.  

 

2.3.  Blinding of protection 

The existence of DGs can prevent feeder relay to operate properly because the contribution of the 

utility grid decreases as a result of an increasing total impedance. Therefore, the fault current remains bellow 

the pick-up current of the feeder relay, where the pick-up current depends on the impedance as shown in 

Figure 3. This can lead to the feeder relay being delayed or no tripping in the worst situation. This case is 

called blinding of protection or protection underreach. 
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Figure 2. Principle of false tripping 
 
 

 
 

Figure 3. Principle of blinding of protection 
 

 

2.4.  Failure of auto-recloser 

Auto-reclosing is a protective device that has a group of functions are detecting, fault clearing and 

reclosing in one combined unit that is generally used in distribution networks with overhead lines. The faults 

on these lines often are temporary faults. The auto-recloser opens the line for a short period to allow the fault 

to remove. After a time delay, the line is excited again by the auto-recloser. When the fault is cleared the line 

can remain in serving else the auto-recloser opens the line. 

DG units can disturb the auto-reclosers operation significantly. During the open period of the auto-

recloser, the DG unit can continue to feed current to the faulted feeder thus exciting the arc and the temporary 

fault becomes a permanent fault. Also, the coordination between recloser and fuse will be missed. Temporary 

faults will treat as permanent faults and remove by the fuse instead of the recloser.  

 

2.5.  Effect of different types of DG on short circuit current 

As per the attributes of DG associating with the distribution network, DG will be classified into 

traditional rotating DG type and inverter-based DG type, and the variation of DG types lead to different 

transient fault performance [17]. The inverter-based DG use an inverter circuit as a DC to AC converter to 

connect to the distribution network, it is therefore unable to have too many short circuit currents for the 

limitation of inverter-based DG output. Typically, fault currents level provided by inverter-based DG is 

merely 2–3 times of rated current. While, traditional rotating DG type can provide more current than inverter-

based DG type. Hence, research on various types of DG linked to the distribution network has major 

importance. 

 

 

3. EXISTING PROTECTION STRATEGIES IN MICROGRID 

The microgrid protection should respond to fault for both the utility grid and microgrid. If a utility 

grid was exposed to a fault, the microgrid must be isolated from the rest of the network. This causes to the 

islanded operation of the microgrid. When a fault happens within the microgrid, the microgrid protection 

isolates the minimum possible faulted area of a microgrid to eliminate the fault. In the last years, different 

strategies have been suggested to present a reliable protection scheme for microgrids.  

 

3.1.  Adaptive protection schemes 

Adaptive protection was known as an online activity that adjusts the best protective response to an 

alteration in microgrid situations or requirements [18]. It has two groups of relay settings, the first for grid-

connected while the second for islanded mode. Where the relay settings will be adjusting automatically 

according to the microgrid operating mode [19]. The magnitude of fault current (I) is within the two ranges 

as shown in (1) and (2). 

 

𝐼𝑖 ≤ 𝐼 < 𝐼𝑔 (1) 

𝐼 ≥ 𝐼𝑔 (2) 
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Where 𝐼𝑖 is the threshold value of positive current in the island mode and 𝐼𝑔 is the threshold value of positive 

current in the grid-connected mode [20]. Sitharthan et al. [21] monitored the microgrid by a developed 

adaptive protection scheme and immediately updates relay depending on the different that happens in the 

network. The adaptive overcurrent (OC) protection scheme in [22] based on a programmable Logic method, 

where the math operators and programmable logic was used instead of the stored functions in the relay. The 

work in [23] updated relays trip features based on local information to detect operation mode of microgrid,  

grid-connected or islanded, and the faulted section. The scheme in [24] used grouping similar inverse time 

OC settings of relays to protects feeders. Another adaptive protection strategy with a traditional differential 

protection strategy has been implemented in [25].  

Swathika and Hemamalini [26] proposed a central protection center which has three functions 

adaptively monitor the currents of feeder constantly, detect OC fault happening and detect faulted feeder and 

suitable settings for a relay to help fault clearance. The work in [27] automatically change the protection 

settings of all OC, which used the optimum protection settings instead of precalculated setting groups and 

applied them to the relays directly. 

Also, an adaptive directional OC relaying based on the positive sequence components (PSQ) and 

negative sequence components (NSQ) superimposed currents for protection of microgrid has been proposed 

in [28]. Ma et al. [29] utilized a steady-state fault current to adjust the main and backup protection settings 

criteria. The researchers in [30] combined the characteristics of both time and instantaneous OC elements for 

maintaining recloser fuse coordination in a microgrid. Also, they used a microprocessor-based recloser 

instead of the existing recloser. The new digital relay in [31] based on the ratio of feeder current to recloser 

current to modify the time-dial setting of the relay, this study aims to avoid mis-coordination between 

recloser and fuse.  

The paper [32] introduced a practical overcurrent based on characteristics of the feeder and the 

location of the intelligent electronic devices IEDs, in addition to an adaptive frequency approach proposed to 

avoid increase load effects in low inertia islanded microgrids. Habib et al. [33] proposed an adaptive 

protection scheme to increase flexibility against communication outages. Although the adaptive scheme has 

the flexibility of adaptive relays and the capability to automatically adjust the settings of it in response to the 

status of DGs, operational mode of the microgrid and active networks management, however, it has 

disadvantages:  

− All possible configurations of a microgrid should be confident  

− Difficulties of calculations associated with changed of microgrid operation mode, unbalanced load and 

transients during disconnection or connection of DG units 

− The need for a realible and fast communication link, relays replacement and synchronized measurement 

device may involve high cost  

− The scheme was not suttable for high impedance faults (HIF) 

 

3.2.  Signal processing protection schemes 

 A transient disturbance that occurs in microgrid represents a signal with complex time-frequency 

structures. This transient disturbance is often distinguished with high frequency oscillatory, short duration, 

non-stationary, non-periodic, impulse superimposed contents and fast decaying. Therefore, the waveform 

magnitude is generally not a suitable indicator of the fault condition. Thus, signal processing are necessary to 

sort faulted and normal states.  

− Filtering of analog signal: firstly, the input signals passes during a low pass filters where the frequencies 

bellow than 𝑓𝑘 are passes the frequencies above that are eliminates. The cut-off frequency 𝑓𝑐 of the filter 

should meet the following requirements. 

 

𝑓𝑘 < 𝑓𝑐 ≤
𝑓𝑠−𝑓𝑘

3
 (3) 

 

Where 𝑓𝑘 is the highest frequency of the component and 𝑓𝑠 is a sampling frequency.  

− Sampling process: To allow the components that are essential for relaying decisions to be reproduced, the 

sampling frequency choosing 𝑓𝑠 should not be too low. Then again, it should not be excessively high, to 

prevent needless burden for the digital processing. According to Shannon–Kotielnikov theorem, at least 

two samples of signal should be taken within the signal period to avoid loss of information. If the 

reproduced component has the frequency 𝑓𝑘 , the sampling frequency should be: 

 

𝑓𝑠 ≥ 2𝑓𝑘   (4) 
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The signals convert to time discreet after the sampling, but the qualities stay still analog. Therefore, an A/D 

converter is used. In multi channels modern digital relay, One A/D converter is used to processing a number 

of signals.  

− Digital signal processing: to detect the faulted zone and issue the final decision, the sample signal is 

processing digitally by calculation algorithms [34]. The present common methods of signal processing 

protection schemes are:  
 

3.2.1.  Fourier transform (FT) 

Fourier Transform is a mathematical function that decomposes a waveform that takes a time-based 

pattern into the frequencies. The papers [35]–[37] employed a fourier transform to estimate the fundamental 

component of the inputs. Bukhari et al. [35] used the fundamental components of three phase currents and 

voltages as the input to the fuzzy system based on discrete fourier transform to detect and classify the faults. 

Another research [36] designed a numerical relay uses a fast recursive discrete fourier transform algorithm. 

Also, the relay is included with the fuzzy module for getting the best protection settings. On the other hand, a 

data mining based-intelligent differential protection presented in [37].  
 

3.2.2.  Wavelet transform (WT) 

The papers [1], [38]–[41] used a microprocessor relay based on Wavelet Transform to protect 

microgrid from different faults that may occur. A new protection scheme was developed in [1] for a 

microgrid with an inverse interface DG employing the wavelet transform and data mining model. At first, the 

current is preprocessed to extricate the best effective specifications that contain the transient information. 

Then, the wavelet-based specifications are utilized to construct the data mining models for conclusive 

relaying decisions.  

The work in [38] treated using wavelet transform to result distinguishing features between healthy 

and faulty case as well as between grid-connected and isolated mode to fulfill the different tasks of relaying 

scheme. The studies in [39] and [40] employed the wavelet packet transform (WPT) to identify a fault in a 

microgrid. Where the proposed protection in [39] based on utilizing a single stage wavelet packet transform 

to extract the first level high frequency contents from the categorized transient disturbance in d-q-axis current 

components. The digital relays in [40] is established based on the second level high frequency sub bands 

extracted from the d–q-axis current components that is flowing through each point of the network. Another 

work [41] employs a discrete wavelet transform in protective relays to extract statistical features of current 

measurements sampled.  
 

3.2.3.  Mathematical morphology (MM) 

Another time domain signal processing technique is mathematical morphology (MM) used in [42] 

and [43] for faults disclosure in a microgrid. Where a novel protection strategy for microgrid was presented 

in [42] based on mathematical morphology. The morphological wavelet was utilized for faults disclosure in a 

microgrid. Consequently, current restore from both sides of the feeder is processed by a morphological 

wavelet after a prophecy lifting scheme to have the details of signals. The details of signals diversity and 

their criterion are computed to have a primary protection scheme for the feeder. Also, an improved 

mathematical morphology technology based on the initial current traveling wave was utilized in [43], with 

simplified polarity disclosure and new logics inserted for meshed distribution networks and feeders with 

individual end measurement. 
 

3.2.4.  Hilbert Huang transform (HHT) 

The Hilbert–Huang transform (HHT) is a non-stationary signal processing algorithm that is efficient 

and very reliable for the objective of fault detection [44]. The references [44]–[46] used this algorithm to 

investigate protection for the microgrid. Gururani et al. [44] used it in the status of differential protection. 

The assessment of the efficiency of the proposed scheme is achieved in comparison to differential current and 

S-transform. Also, the work in [45] based on HHT and techniques of machine learning which presented a 

novel microgrid protection scheme for extraction and selection of useful differential merits. Another 

protection scheme based on superimposed reactive energy was proposed in [46]. The suggested scheme used 

microprocessor relay with a HHT to detect fault occurrences and to isolate the faulted sections in a special 

way.  
 

3.2.5.  S-transform  

S-transform is defined as a time-frequency analysis method, derived from fourier transform and 

Wavelet transform. It is used in signal processing of non-stationary signal [44]. This method applies in [47] 

and [48]. The study in [47] presented a differential scheme for microgrid protection which uses S-transform. 

Firstly, the current at certain buses is processed thr1ough S-transform to make time-frequency features. The 

fault current signals are processed and differential energy is detected to distinguish the type of fault in the 

http://www.thesaurus.com/browse/make
http://www.thesaurus.com/browse/detect
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microgrid at grid-connected and islanded mode. While in [48], S-transform proposed to combine with the 

decision tree to detect and classify fault and in the microgrid. Even though the signal processing scheme is 

able to protect the microgrid for both modes of operation, but there are several disadvantages  

− The scheme required accurate signal synchronization and a very high sampling frequency which is 

unpractical because of the absence of economical digital signal processing (DSP) hardware  

− Scheme suffers from the high computational burden leading to a slower response 

− The system faces problems in the protection of microgrid against HIFs 

 

3.3.  Differential protection schemes 

The traditional differential protection compares the current magnitude at two ends of the protected 

equipment and will operate when the difference between these currents exceeds a threshold value. Many 

researchers have used this type of protection to protect the microgrid. Consider a scheme that is illustrated in 

Figure 4. The current entering in the first end (𝐼1) and the current leaving the second end (𝐼2) have to be 

similar. But during fault, a clear different between them. Otherwise, an algebraic sum of the two currents that 

reach the protected apparatus could be generated as presented in (5) [20]. 

 

𝑰𝒓 = 𝑰𝟏 + 𝑰𝟐  (5) 

 

A comprehensive digital relay based protection has been introduced in [49] for the protection of 

microgrids. The introduced method utilized one-slope differential relay characteristic for protection feeders 

based on a current data in both sides of the protected feeder is amassed and fault occurrence is distinguished 

based on their variation. A new communication-based protection was proposed in [50]. The proposed scheme 

used a differential protection scheme that relies on symmetrical components. A proposed method in [51] 

employed Rogowski coil sensors to detect polarities of the fault current transients, it is possible to determine 

in case of a fault within the protected zone by comparing the initial polarities of the transients current 

measured at two sides of the zone.  

Kar [52] suggested a fuzzy rule base approach to protect the microgrid. The suggested scheme 

includes main and backup protection which begins with preprocessing of the retrieved voltage and current 

signals at both sides of the faulted feeder and neighboring feeder to calculate the differential merits.  

Despite the differential scheme appropriate for the microgrid protection and can act as quickly as within five 

milliseconds, also, the threshold of differential scheme can be easily modified, and it can be adapted to both 

the grid-connected mode and islanded mode, however there are some disadvantages: 

− The need for a secondary protection scheme when the communication system fails 

− The need for protective device at each end of lines and communication links for receiving current 

measurements from both line ends to make it expensive  

− Difficulties may be faced in an unbalance system or load transients during connection and disconnection 

of DGs may cause some problems 
 

 

Electrical Apparatus 
CT1 CT2

RI1 I2Ir

 
 

Figure 4. Differential Protection Principle 
 
 

3.4.  Overcurrent protection scheme   

The obvious increasing in currents during the fault can be used to detect the faults by overcurrent 

devices. The time operating characteristics of the relays defines in (6), this formula based on IEC and 

ANSI/IEEE Standards: 

 

𝑡 =
𝑘𝛽

(𝐼 𝐼𝑠)⁄ 𝛼
−1

+ 𝐿 (6) 

 

http://www.thesaurus.com/browse/distinguish
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where: 𝑡 = operating time of relay in seconds; 𝑘 = time multiplier setting; 𝐼 =fault current level in amps;  

𝐼𝑠  = pick-up current; 𝐿 =constant. The constants α and β determine the slope of the relay characteristics. 

Some of the researcher employed the overcurrent devices to protect the microgrid. To achieve 

dependability and security of microgrid operation in islanded mode. Lai et al. [53] proposed a comprehensive 

protection strategy. This strategy used a microprocessor relay to avoid superfluous loss of critical loads and 

DGs. The proposed study in [54] used a fault diagnosis and clearing strategy method was for symmetrical 

and unsymmetrical faults in a meshed distribution system. A directional overcurrent and earth fault have been 

investigated in [55] to protect the microgrid.  

The reference [56] developed a new directional relay to prevent mis-operation of protective devices 

which utilized negative sequence impedance magnitude and the angle to detect the direction of 

unsymmetrical faults. While it used the positive sequence impedance magnitude along with the positive 

sequence current magnitude and torque angle for symmetrical faults. The proposed protection scheme in [57] 

is a digital relay that includes different protection functions to protect the microgrid against various types of 

faults embedding high impedance fault in both modes of operation.  

Two concepts for a voltage-controlled DG unit was employed in [58]. The first is an overcurrent 

protection scheme that depends on voltage measurements which includes fault detection, fault current 

limiting scheme, fault current determination, and controller restoration mechanisms. The second is an 

overload protection scheme. The work in [59] proposed a protection system that aims to improve microgrid 

reliability and adaptability operation. This scheme used parameters of voltage, current and angle phase with 

communication links to protect the microgrid. Despite the overcurrent scheme is capable of protecting the 

microgrid which has high fault current, however, the scheme faces many challenges:  

− Since most of the DGs are equipped with current limiting device, the fault current only lasts for a short 

period of time and it is beyond the capability of overcurrent protection to trip the fault in a short period of 

time 

− adopting the overcurrent protection under both scenarios of microgrid modes (grid-connected and islanded) 

− the variety of the operation of the operation of DGs determines the complexity of the overcurrent 

protection setting 

 
3.5.  Symmetrical components protection scheme  

Symmetrical components protection schemes used a sequence component of currents and voltages 

in the microgrid to diagnose the faulted zone. The symmetrical components method is applicable to resolve 

an unbalanced three phase system into three balanced systems of phasors, where the system decompose into 

three sequence networks: 

− Zero sequence components 

− Positive sequence components  

− Negative sequence  

The matrix form of the three phase voltage and current sequence components of are discribed in (7) 

and (8). 

 

[

𝑉𝑎

𝑉𝑏

𝑉𝑐

] = [

1 1 1

1 𝑎2 𝑎

1 𝑎 𝑎2

] [

𝑉𝑎0

𝑉𝑎1

𝑉𝑎2

]  (7) 

 

[

𝐼𝑎

𝐼𝑏

𝐼𝑐

] = [

1 1 1

1 𝑎2 𝑎

1 𝑎 𝑎2

] [

𝐼𝑎0

𝐼𝑎1

𝐼𝑎2

]  (8) 

 

The paper [60] used the sequence components of currents to detect the fault in the microgrid. Where 

the zero-sequence component of the current was considered in case of a single line to ground fault, while the 

negative sequence component of the currents was considered for the double line faults. Another microgrid 

protection scheme based on the positive sequence component was presented in [61]. The scheme used phasor 

measurement units and designed a microprocessor-based relay with a communication system.  

A three-version software unit has been suggested in [62] for the protection of microgrid. The three 

program versions used for detecting fault current in the microgrid are symmetrical components and 

overcurrent protection. Lin et al. [63] proposed a protection scheme based on fault components and the 

dividing of microgrid into several zones depend on the acceptable arrangement of the critical load with 

http://www.thesaurus.com/browse/avoid
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distributed generation and energy storage unit. This strategy provides acceptable protection for the microgrid, 

but there are disadvantages: 

− When zero sequence current was used, the scheme required an additional element (grounding 

transformer) inside the microgrid to determine the direction of the fault  

− The scheme was not able to protect the microgrid against HIFs 

− The scheme required complete upgrading of the protection device currently used in the microgrid 

 

3.6.  Fault current limiter protection schemes 

Fault current limiter (FCL) is presented to minimize the effect of DGs on the present protection 

schemes through the fault. FCL allows normal power flow during normal operation, however limiting the 

magnitude of fault current under the fault situation. Also, FCLs have a very small resistance and it does not 

affect frequently the efficiency of the power system [64]. For symmetrical three-phase fault, when the 

capacity of the circuit breaker is less than the transient and steady state fault current, then the FCL should 

limit the excesses current. This leads to the constraint on FCL impedance 𝑍𝑙 (9). 

 

𝑍𝑙 >
𝑉𝑝ℎ 

𝐼𝑓
−  𝑍𝑢 (9) 

 

Where 𝑉𝑝ℎ is phase voltage, 𝑍𝑢 is the impedance of the circuit under fault condition and 𝐼𝑐is the short circuit 

current. 

The maximum value of impendence 𝑍𝑚 that initiates the operation of the FCL (10). 

 

𝑍𝑚 <
𝑉𝑝ℎ 

2𝐼𝑛
−  2𝑍𝑙 (10) 

 

Where 𝐼𝑛 is the normal current A fault current limiter was used in [65] in series with the utility, in 

synchronism with directional OC relays to solve the problem of protection coordination in distribution 

networks equipped with a synchronous generator. Also, the paper [66] proposed a generalized approach to 

calculate a protection coordination index taking into consideration multiple DG locations. Also, the paper 

utilized FCLs as a solution for enhancing the protection coordination index.  

The paper [67] investigated the optimal using of FCLs to keep the directional overcurrent relay 

coordination to operate without resetting the relays regardless of DGs state. The FCLs location and sizing 

problem is formulated as a constrained to maintain the overcurrent relay coordination at a minimum cost of 

possible FCLs. A unidirectional fault current limiter (UFCL) was proposed in [68] to obtain an appropriate 

interaction between the downstream and upstream. A superconducting fault current limiters (SFCLs) was 

used in [69] to mitigate the impact of synchronous machine based DG integration on the radial fuse recloser 

protection configuration.  

He et al. [70] suggested a modified flux coupling type super-conducting fault current limiter (SFCL) 

to investigates the coordination of relay protection in the microgrid and improve the DGs fault capability. 

Further, they proposed the directional overcurrent and differential relay for the microgrid protection.  

Also, [71] modified SFCL to a hybrid SFCC so that be used in microgrids. The SFCC is autonomous from 

the monitoring of utility technology and it uses an operation feature. Although FCLs contribute to reducing 

the effect of DGs on the microgrid, however, several disadvantages will appear: 

− Each microgrid operational topology requires calculations in order to decide the best locations of 

installing FCLs 

− FCL is generally expansive it is possible to add FCL in all network to use each one in necessary situations  

− The determination of the FCL impedance value is difficult for the microgrids with high penetration of 

DGs due to the mutual influence of DGs 

 

 

4. DISCUSSION AND ANALYSIS 

Although the research aforementioned has many positives, some of them neglected important 

aspects in the microgrid configuration. Where they used only synchronous generators and ignored the DG 

based inverter interface despite its widespread and has a significant impact on the protection system because 

of the limited fault current of this DG type. Others did not take into account the protection system should be 

able to protect the microgrid of grid-connected and islanded modes and only designed protection for the 

islanded mode. 

The technical challenges related to adaptive protection scheme are the protective devices need for 

updating and reliable and fast communication links that require high cost. Differential protection schemes 
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require a communication links which is relatively expensive. As well communication links may be failed, 

therefore the backup protection necessary.  

Some challenges may occur during the transient, when the DGs are connected or disconnected, and 

unbalanced system. One of the most important issues is the time of tripping should be as fast as possible to 

avoid equipment damage. This probability increases when signal processing or sequence component schemes 

used due to the process of signals pass through many stages before making a decision to tripping the faulted 

zone. After a detailed review of the protection schemes reported in the literature, the microgrid protection 

scheme in the future should have the following characteristics:  

− Overcoming the problems to coordinate a large number of series protection device 

− Reducing the burden of computing and units of communication 

− Taking into consideration the two microgrid operating modes: grid-connected and isolated 

− Identifying and detecting the faulty microgrid line during high inverter-based DG penetration 

− The ability to cope with radial and loop configuration and no need change the protection device with each 

one 

 

 

5. CONCLUSION AND FUTURE RESEARCHES  

Penetration of DGs into distribution network causing many problems such as change the level of 

fault current, unnecessary disconnection, blinding of protection and failure of auto-recloser. Therefore, the 

traditional protection system cannot be utilized to protect microgrid. Many protection strategies and solutions 

are reviewed in recent literature to solve the protection problems. Previous studies have shown that some of 

the protection strategies modified the current protection system by controlling the fault current or  

re-coordinating protection devices. These strategies are useless with an increasing number of DGs or their 

variety. Others used new protection strategies but did not meet the standards for the protection system such as 

the speed of operation, simplicity, reliability, sensitivity, redundancy, selectivity and consistency. In addition, 

their implementation is very expensive. Differential protection schemes are the ideal solution but they require 

a communication links which is relatively expensive. As well communication links may be failed, therefore 

the backup protection necessary. In future works, the protection for microgrid requires a comprehensive 

scheme to be able to protect the system under all possible circumstances. It should be taken into 

consideration the mode of operation, the type of DG, topology of microgrid, fault types and cost. The 

development of nanotechnology can be employed in order to produce protective devices with high accuracy 

and low cost.  
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