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A Protection Method for Inverter-based
Microgrid Using Current-only Polarity

Comparison
Bin Wang and Liuming Jing

Abstract——The design of an effective protection system for in‐
verter-based microgrids is a complicated engineering challenge.
This is due to the fact that inverters have limited fault current
capabilities, and that the conventional overcurrent protection is
not suitable for inverter-based microgrids. This paper introduc‐
es a novel protection method for inverter-based microgrid using
a current-only polarity comparison. The proposed method is
based on the phase difference between the pre-fault and fault
current components. The method responds to faults in both
grid-connected and autonomous operation modes and provides
a new way to identify faulted sections. Simulations of an invert‐
er-based microgrid with a relay model are conducted using
PSCAD/EMTDC software. The results show that the proposed
method can detect faults in inverter-based microgrids.

Index Terms——Distributed energy resources, inverter, mi‐
crogrid protection, fault current.

I. INTRODUCTION

IN recent years, there have been significant changes in
power systems, as centralized generation facilities have

been replaced by smaller, more distributed energy resources
(DERs). In particular, an increasing number of DERs have
been integrated into distribution systems. Most DERs em‐
ploy renewable energy resources such as photovoltaic (PV)
generation, wind turbine generation and combined heat and
power. The utilization of DERs confers many advantages
such as reducing transmission losses, improving power quali‐
ty, and interfacing with clean energy (e.g., wind and solar).
Furthermore, a cluster of loads and DERs operates safely
and efficiently within a local distribution network but can al‐
so be operated in the islanded mode in a small area of distri‐
bution networks, a configuration known as a microgrid [1] -
[3]. Inverter-based microgrids usually contain voltage source

inverter (VSI) interfaced DERs. And inverter-based mi‐
crogrids have characteristics such as low inertia and small
fault currents. However, the protection of inverter-based mi‐
crogrids poses a technical challenge [4]-[8].

The protection system for inverter-based microgrids must
ensure the safe operation in both grid-connected and autono‐
mous modes, and respond to both grid and microgrid faults
[9]- [12]. The large difference in fault current between grid-
connected and autonomous modes presents challenges to mi‐
crogrid protection. In the grid-connected operation mode, mi‐
crogrid fault currents are large because the utility grid con‐
tributes to the fault current. Conventional overcurrent protec‐
tion can be activated in this scenario. However, in autono‐
mous mode, the fault current is very small. The output cur‐
rent of the inverter-based DERs is usually limited to 1.2 p.u.
of their rated current, determined by the short-time current-
carrying capacity of the semiconductor switches. The conven‐
tional overcurrent relay will be invalid in this case [13]-[16].
When a fault occurs in the microgrid, the faulted section
should be identified and isolated so other parts of the mi‐
crogrid can supply electric power normally. A microgrid is
designated as a secondary distribution system and is sup‐
plied by a step-down transformer. Microgrids can fall into
different grounding categories such as un-grounded, uni-
grounded and multi-grounded types [17]. The grounding is‐
sues should also be considered in the microgrid protection
system.

The protection methods for inverter-dominated microgrids
can be classified into directional overcurrent relay based
method, distance relay based method, current differential
based method, voltage based method, traveling wave based
method and fault current source based method. Reference
[18] proposes a protection scheme equipped with directional
overcurrent relays. However, the mechanism for activating
the overcurrent relay with a small fault current is not de‐
scribed. The distance protection proposed in [19] has been
previously evaluated in a radial distribution feeder. However,
the sensitivity of the relay decreases due to the effect of the
DER.

Reference [20] proposes a communication-based differen‐
tial sequence component protection scheme for isolated mi‐
crogrids. A data mining approach is used to identify the re‐
lay settings and parameters. However, the method requires a
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high-bandwidth communication channel.
During the fault period in a microgrid, the protection

based on abc-dq transformation of the voltage waveforms
can identify a short-circuit fault and facilitate the discrimina‐
tion between faults that are either inside or outside of a set
zone of the microgrid [21]. However, voltage-based protec‐
tion may not be sensitive to high impedance faults (HIFs)
and is therefore recommended as the backup protection.

Reference [22] proposes a traveling-wave based protection
scheme. Here, the scheme adopts initial current traveling
wavefronts as a main fault detection mechanism. However,
the line length between different nodes of the microgrid is
very short. Therefore, it is difficult to detect the initial wave‐
front.

A fault current source (FCS) can offer a large fault current
in the case of a fault, and ensure the operation of the over‐
current relay [23]. However, the reliability and cost of the
hardware limit the efficiency of this method.

The application of voltage information as a reference
quantity for the detection of fault direction is a common
practice in transmission lines. Nevertheless, this approach is
not applicable in distribution networks due to the absence of
potential transformers. Therefore, it is necessary to use the
current-only polarity comparison for microgrids.

This paper presents a novel protection method for inverter-
based microgrids using a current-only polarity comparison.
The proposed method is based on the phase difference be‐
tween the pre-fault current and the fault current components.
The angle difference between the pre-fault current and the
fault current components can be used to identify the faulted
section. The proposed protection method can respond to
faults in both grid-connected and autonomous operation
modes.

The remainder of this paper is organized as follows. Sec‐
tion II provides an overview of the major protection issues
in microgrids. Section III describes the proposed protection
method for VSI-based microgrids. Section IV presents the
simulation results for an inverter-based microgrid and protec‐
tion system. Conclusions are drawn in Section V.

II. FAULT CHARACTERISTICS OF INVERTER-BASED

MICROGRIDS

Figure 1 shows the structure of the inverter-based mi‐
crogrid considered in this paper. The microgrid model, modi‐
fied from [24], is a medium-voltage microgrid consisting of
inverter-based DERs. As shown in the figure, the microgrid
is connected to the utility grid using a D/Y step-down trans‐
former, and is a grounded system. In the microgrid, two
feeders are connected to the point of common coupling
(PCC) via a distribution line, and each feeder has a circuit
breaker (CB) and current transformers (CTs). There are
switchboards (SWBs) on each microgrid feeder, and CB1-
CB3 are installed at each SWB. Two DERs are connected to
the microgrid via a power electronic interface. A battery en‐
ergy storage system (BESS) and a PV are connected to mi‐
crogrid. Microgrids can operate in two modes: grid-connect‐
ed and autonomous modes. In a grounded microgrid, there

may be various paths for the ground return current in the
case of a fault, because there are multiple grounded points in
the distribution system. The CB installed at the end of the
feeder and DER connection point can be used to isolate the
fault area. The healthy section of the microgrid can be isolat‐
ed from the fault section to eliminate the fault. The tie break‐
er between the two feeders can transfer the load to the
healthy feeder if a fault occurs.

The protection system is a revised version of the one pro‐
posed in [25]. The method presented in [25] is adopted by
using three zero-sequence current transformers to identify
the faulted section. The method in this paper uses only two
local measurement current signals.

The interface protection system can obtain the required in‐
formation from the CTs at feeder 1, feeder 2, and the PCC
bus. One potential transformer is installed on the PCC bus.
The phase difference between pre-fault and fault current
components is used for fault direction detection. The mi‐
crogrid unit protection system shown in Fig. 1 collects the
required information from the two CTs installed at SWB.
The relay is situated locally and can detect the fault current
and send polarity information to the microgrid control cen‐
ter. The interface protection at the PCC bus can identify the
faulted feeder rapidly, and the unit protection system at
SWB can identify the faulted section. The interface protec‐
tion installed in the PCC bus will detect the voltage level as
a backup for the protection system. Only when either the ze‐
ro or negative sequence voltage increases or the three-phase
voltage decreases, will the unit protection be unblocked.
Then the unit protection system will identify the fault sec‐
tion.

The fault current levels of microgrids differ greatly be‐
tween grid-connected and autonomous modes. The presence
of DERs and complex operation scenarios of the microgrid
can introduce challenges to protection. Additionally, the po‐
tentially large phase imbalance may make microgrid protec‐
tion even more difficult. The investment in microgrid protec‐
tion should also be considered. Moreover, inverter-based
DERs can exhibit unconventional fault behaviors such as
small short-circuit currents.

A simplified system network is shown in Fig. 2(a). In the
figure, two sources are connected to buses A and C. The re‐
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lay is located in bus B and senses the current flow from bus
B to bus C. We assume that the power flow direction is
from bus A to bus C. The fault occurs at point F1. ZS1 and
ZS2 are the source impedances; ZAB, ZBF and ZFC are the line
impedances; RBC is the relay monitoring the current at bus B;
and DiR is the fault current component. The proposed meth‐
od uses the pre-fault current and fault current components
for fault direction detection. The pre-fault current iR can be
given as:

iR =
||VA Ð0°

|| ZAF1 Ðθ1

= | IF1 |Ð(-θ1) (1)

where |VA |Ð0° is the pre-fault voltage at bus A; | ZAF1 |Ðθ1 is

the line impedance between bus A and the fault point; IF1 is
the pre-fault current magnitude; and θ1 is the line impedance
angle. The superimposed fault diagram of Fig. 2(a) can be
shown as Fig. 2(b). The virtual voltage at bus B in the super‐
imposed network is given by:

VB =DiR (ZAB + ZS1) (2)

The virtual voltage refers to the voltage variation. It is
formed from the line impedance and fault current compo‐
nent. In the superimposed fault system, the voltage and cur‐
rent are in the opposite direction. Therefore, the polarity rela‐
tionship between the current and virtual voltage is:

VBiR < 0 (3)

Substituting (2) into (3) yields (4).

DiR (ZAB + ZS1)iR < 0 (4)

Formula (4) can be simplified to:

DiRiR < 0 (5)

From (5), when a fault occurs in the forward direction,
the polarity between the pre-fault current and fault current
components is reversed. Therefore, the fault direction can be
identified. When the fault occurs at the backside of the mea‐
sured point, the simplified system can be shown as in Fig. 3.

Figure 3(a) shows the system diagram and Fig. 3(b) shows
the superimposed diagram. The fault current components and
pre-fault current polarities are studied herein.

In the backward fault condition, the virtual voltage at bus
B can be expressed by:

VB = (ZBC + ZS2)DiR (6)

And the relationship between voltage and current is given
by:

VBiR > 0 (7)

Thus, the relationship between current and fault current
components can be shown as:

DiRiR > 0 (8)

From (8), when a fault occurs in the backward direction,
the polarity between the pre-fault current and fault current
components is identical. The faulted section identification
method is studied in Section III.

III. PROPOSED PROTECTION METHOD

The phasor relationship between the pre-fault current and
fault current components at the relay point is given by:

cos θ = cos (Ð(IR -DiR)) (9)

The resulting cos θ can be used as an indicator of the fault
direction. The fault direction can be detected using the pre-
fault current and the fault current components. When the
fault occurs in the positive direction, cos θ should be larger
than zero, whereas when the fault occurs in the backward di‐
rection, cos θ should be smaller than zero. Moreover, if the
power flow direction is reversed, the polarity relationship be‐
tween the pre-fault current and the fault component current
is reversed. If cos θ is larger than zero, the sign +1 is used
to represent the forward fault. If cos θ is smaller than zero,
the sign –1 is used to represent the backward fault. The sign
S is given as:

S = {0 no event
-1 cos θ < 0
+1 cos θ > 0

(10)
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Fig. 2. Simplified diagram of pre-fault and superimposed fault systems (in‐
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Before detecting the fault direction, it is necessary to de‐
tect the presence of a fault. As the short-circuit current is
very small in the autonomous operation mode, a proper fault
status detection method for autonomous microgrids is re‐
quired. For this purpose, the fault condition should be
checked. Equation (11) is based on the energy variation in
fault current components.

ì

í

î

ïï
ïï

Sn = ∫
n- π 2

n

ia (t)dt

DS = (Sn - Sn- 1)- (Sn- 1 - Sn- 2)

DS ³ SThreshold

(11)

where ia(t) denotes the current of phase A; Sn is the current
energy in the n cycle; DS is the current energy variation; and
SThreshold is the threshold value of current energy. The fault
components can be calculated by:

Di = i(k)- i(k - nN) (12)

where N denotes the sampling number of each cycle. If the
fault status and fault direction are detected, the fault section
can be identified. The proposed unit protection system is
based on local measurement of the current signal. The struc‐
ture of the protection method is shown in Fig. 4. The unit
protection system uses the pre-fault current as the fundamen‐
tal basis for the detection of the fault direction, and the fault
current component is used to identify the fault direction. The
unit protection system compares the polarity between two ad‐
jacent CTs, and the polarity of local unit protection is sent to
its adjacent unit protection through a communication chan‐
nel. İ1, İ2, İ3 and İ4 represent the three-phase currents at
CT1, CT2, CT3 and CT4, respectively.

Since the power flow direction in the microgrid changes
over time, it is difficult to fix without voltage information.
According to the analysis in Section II, the polarity detected
by the relay at both ends of this section is reversed in the
case of an internal fault. If a fault occurs externally, the po‐
larity between the two adjacent CTs is the same. Hence, a
new faulted section identification method is proposed. As
shown in (13), the polarity of two adjacent CTs is multi‐
plied, where -1 and +1 indicate the internal fault and exter‐
nal one, respectively.

SiSj = {0 no event
-1 internal fault
+1 external fault

(13)

To activate the unit protection system, a coordination strat‐
egy with a traditional protection system is applied, as shown

in Fig. 5, where DI is the fault current components; D is the
fault direction; and FS is the fault status. Three phase cur‐
rents are used for the fault components calculator and the
variation calculator. At the same time, the current is stored
in the current storage block. The fault component and pre-
fault current are compared to obtain the polarity of the fault
direction, and the fault current energy variation is applied to
determine the fault status. After the fault status and fault sec‐
tion are determined, the sign signal is compared with its ad‐
jacent sign signal. Finally, the CB trip signal is generated.
Unit protection systems are equipped with a local intelligent
electronic device (IED) to detect current variation according
to a certain threshold. The IED then sends the gate signal to
the protection system. After the fault status is determined,
fault current based protection will identify the faulted sec‐
tion quickly. The faulted section can then be isolated, and
other parts of the microgrid can be resupplied with power. A
low-bandwidth communication system is required to achieve
this, which can be realized through coordination with a tradi‐
tional distribution protection system [26] - [28]. The detected
sign of the adjacent CT is sent to the local CT and com‐
pared according to (13). If an internal fault occurs, CB at
both ends will trip to isolate the faulted section. The only in‐
formation transferred between different unit protection sys‐
tems relates to polarity [29].

IV. CASE STUDY

To determine the effectiveness of the proposed unit protec‐
tion method, an inverter-based microgrid is simulated using
PSCAD/EMTDC software, as shown in Fig. 6.

BRK_PCC

0.2
MW

0.02
Mvar

0.2
MW

0.02
Mvar

0.2
MW

0.02
Mvar

SLG
fault

SLG
fault

F2

Microgrid
fault F2

Microgrid
fault F1

F1

BESS

PV

Feeder 1

Feeder 2

CB1

CB2CB3

Fig. 6. PSCAD model of inverter-based microgrid.
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feeders are connected to the substation bus. Two DERs are
connected at feeder 1 through an SWB, and one SWB sup‐
plies the load at feeder 2. There is a tie breaker, CB3, be‐
tween feeders 1 and 2, which is normally open. In the case
of a fault, CB3 is closed to supply power for the isolated
section. And at the PCC, there is a breaker BRK_PCC.
There is a single line-to-ground (SLG) fault at feeder 1.
Moreover, there are measurement points on either side of the
fault.

The parameters of the microgrid are shown in Table I. In
the microgrid, a BESS is used to maintain the voltage and
current in autonomous mode. The battery can supply power
for an islanded area. The BESS allows storage and discharge
of the electric power to achieve economic advantage. The
BESS in the microgrid is controlled using the constant volt‐
age and constant frequency (CVCF) method. The different
control mode may change the fault-current angle. However,
the method proposed in this paper is not affected by the dif‐
ferent control modes because it is based on the phase differ‐
ence between pre-fault current and fault-current components
[30]-[34].

The simulation results of the microgrid are shown in Fig.
7, where RMS represents root-mean-square. The microgrid
changes from grid-connected mode to autonomous mode in
1.0 s, and the voltage and frequency decrease initially. Then
the DER initiates the control of voltage and frequency,
which stabilizes after 1.5 s.

The voltage and current signals are pre-conditioned using
a second-order Butterworth low-pass filter to prevent anti-
aliasing errors, and a discrete Fourier transform (DFT) has
been used to estimate the sequence components. The SLG
fault is initiated in autonomous operation mode at feeder 1.
Figure 8 shows the three-phase current of CT3. The output

current of DER is limited and the fault current is not large
enough for conventional overcurrent relay.

The variation in current energy during a fault is shown in
Fig. 9. The magnitude of the variations increases during the
fault period. This can be exploited to facilitate the fault sta‐
tus detection. And the physics essence of current energy is
the quantity of electric charge. If the current energy varia‐
tion exceeds a threshold value, the relay will detect the fault.

The fault current components during a fault are shown in
Fig. 10. To detect all types of faults, the positive-sequence
current is used since it exists in both normal and fault condi‐
tions. As shown in the figure, the positive-sequence current
angle difference between the fault current components and
the pre-fault current can be used to generate the sign of the
fault direction. In Fig. 10(a), the positive-sequence current
decreases after a fault. In Fig. 10(b), the positive-sequence
current increases after a fault. Moreover, the fault current
component is the difference between the normal positive-se‐
quence current and the fault positive-sequence one. In the
simulation, two fault current component cycles are generat‐
ed. The phasor information of the fault current components
is used for determining the fault direction, while the pre-
fault positive-sequence current is the base of the fault direc‐
tion. In addition, the fault direction is related to the power
flow direction; thus, (13) can be used for fault section identi‐
fication. After two cycles of delay shift of the pre-fault cur‐
rent, the polarity between the pre-fault and fault current com‐
ponents is clear.

As shown in Fig. 11, for the pre-fault current and fault
current components, the polarity is reversed in CT3 and re‐
mains the same in CT4. Therefore, there is a fault between
CT3 and CT4.

TABLE I
SYSTEM CONFIGURATION

System component

Step-down transformer (△/Y)

System frequency

BESS capacity

PV capacity

Fault resistance

Parameter

110 kV/20 kV

50 Hz

0.40 MW
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Fig. 7. Simulation results of inverter-based microgrid.
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To compare the polarity between pre-fault current and
fault current components, a phase difference calculation is
done using the DFT algorithm, and the sign values are deter‐
mined based on (10). Figure 12 shows the calculation results
for cos θ. In the case of the SLG fault in position F1, CT3
detects the sign value of -1 and CT4 detects the sign value
of +1. The opposite signs indicate that there is an internal
fault between CT3 and CT4.

To determine the validity of the algorithms, an external
fault is also tested. If a fault occurs at position F2, the mea‐
surement currents shown in Fig. 13 for CT3 and CT4 occur.
As shown in the figure, if there is an external fault, the po‐
larity of the pre-fault current and fault current components is
identical. According to (13), there is an external fault.
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Table II shows the result in different fault conditions. In
the table, G stands for the grid-connected mode; A stands
for the autonomous mode; and R stands for the fault resis‐
tance. We can see that the proposed method works in both
grid-connected and autonomous modes. Different fault resis‐
tances are tested and it is demonstrated that the proposed
method can respond to faults with different resistances. Also,
for different fault types, the proposed method can work well.
The simulation results show that this method can protect the
microgrid against faults with different fault resistances and
different types. And the proposed method is not affected by
the microgrid operation condition. In any case, the proposed
method can protect microgrid and identify the internal fault
section effectively.
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V. CONCLUSION

In this paper, a novel protection method for inverter-based
microgrid using current-only polarity comparison is pro‐
posed. The method uses the phase difference between the
pre-fault current and fault current components to detect the
fault direction. Using the proposed method, the internal fault‐
ed section can be identified in an autonomous microgrid.
The inverter-based microgrid model is simulated using
PSCAD/EMTDC software, and the signal is processed using
MATLAB. The results show that the proposed method can
detect faults in inverter-based microgrids.
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