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Abstract This paper proposes a reclosing scheme using

synchronism checking for utilization of battery energy

storage system (BESS) in a distribution system. The

algorithm disconnects the faulty phase and keeps the power

supply from the BESS to the healthy phase. Synchronism

checking between the main source side and the load side is

applied to minimize the transients at the reclosing instant.

The BESS at the faulty phase is reconnected after checking

the successful reclosing. The distribution system including

BESS and proposed reclosing scheme are modeled by the

electromagnetic transients program (EMTP)/ATPDraw.

The various simulations by varing the fault clearing time

are conducted and the simulation results are discussed.

Also, the relation between proposed reclosing scheme and

reliability is discussed.

Keywords Distribution system, Battery energy storage

system (BESS), Reclosing, Reliability, Synchronism

checking

1 Introduction

All of the worlds are trying to make a smart grid. To

advance the establishment of smart grid, the power distri-

bution systems with a battery energy storage system

(BESS) should be increased. To accomplish these, several

studies on the grid connection of the large-capacity BESS

have been performed. Most of these studies have focused

on the operation and control strategy of the BESS for the

integration with renewable energy, energy management,

power quality, and etc. [1–13]. However, few protection

studies in power systems with BESSs have been per-

formed. Therefore, this paper deals with a reclosing issues

among the protection issues in the distribution system.

The operation of BESS during fault depends on its

purpose of use and hence the effects of BESS on the

reclosing are also different. To utilize the BESS for fre-

quency regulation and peak load shaving, a distribution

system must be operated at a steady state [14, 15]. The

reclosing scheme considering BESS used for these pur-

poses in the distribution system were discussed in [16]. If

the BESS is connected during fault and serves the power to

a healthy phase, the interruption will be prevented by the

uninterrupted power supply (UPS). In this case, the dis-

tribution system is exposed to the new challenges in

reclosing procedure because the BESS maintains the power

service to a healthy phase even at fault conditions. New

challenges not considered in conventional reclosing of

distribution system are listed below [14, 15].

1) Detection of a faulty phase. The BESS in a faulty

phase must be disconnected from the distribution

system to prevent the fault current contribution, and it

must only be connected in a healthy phase.

2) Installation of circuit breaker (CB) at each phase for

connecting of BESS.
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3) Synchronism problem between main source side

(utility power) and load side (power from the BESS)

in reclosing operation. The synchronism problem is

not considered in conventional reclosing in a distribu-

tion system. However, a reclosing in distribution

system that serves the power from BESS to a healthy

phase is similar with reclosing of a transmission

system, and so the synchronism problem must be

considered.

4) Reconnection of the BESS in a faulty phase after

successful reclosing. The BESS in a faulty phase must

be reconnected to the distribution system after suc-

cessful reclosing in order to charge the BESS for

operation as a UPS under the next fault conditions.

This paper proposes the reclosing scheme using syn-

chronism in the distribution system with the BESS used as

UPS. The proposed technique is based on dead time in

conventional reclosing scheme. Section 2 presents the

newly proposed reclosing technique that considers the

BESS, including the system configuration for the proposed

technique and the flow chart for the algorithm. Section 3

describes the simulation performed using the electromag-

netic transients program (EMTP)/ATPDraw and EMTP

models, along with the simulation conditions and results

that verify the proposed reclosing technique. Finally, con-

clusions derived from our study are discussed in Section 4.

2 New reclosing technique considering BESS

2.1 System configuration of proposed reclosing

technique

This paper proposes a reclosing technique when the

BESS is used as UPS. Figure 1 shows the system config-

uration for the proposed reclosing technique with the

BESS. The inputs of protective relay are the current i1-

(t) and voltage v1(t) from the system, and the voltage

v2(t) at the BESS. The outputs of protective relay according

to the proposed algorithm are an open/close signal for both

the recloser at main distribution line and the CBBESS for

selecting connection /disconnection of BESS, as shown in

Fig. 1. As the most of recloser installed in distribution

system, the recloser in Fig. 1 performs the open/close

operation of three phase. However, because the BESS at

faulted phase must be disconnected from the distribution

system and the one at healthy phase maintains the power

supply, CBBESS in Fig. 1 must perform the separate

open/close operation at each phase. In other words, CBBESS

which has single phase operating mechanism must be

installed at each phase. Because the BESS is located far

from recloser in most of cases, the proper and fast com-

munication skill is required for successful sending and

receiving of input and output signal in proposed reclosing

procedure.

For high voltage connection of BESS, the diverse cases

exist. In [17], the BESS is connected to the 12.5 kV dis-

tribution system through 240 V/12.5 kV transformer. In

[18, 19], the BESS is connected to the 24.9 kV distribution

system. Reference [12] describes the demonstration project

of China. The State Grid Corporation of China (SGCC) is

building the national wind/PV/BESS and transmission joint

demonstration project and it is located in the region of

Zhangbei, Hebei, China. The demonstration project is

scheduled in three stages. Now, it is in the first stage and at

the end of December, 2011, a 100 MW wind farm, a

40 MW PV farm, and 14 MW/63 MWh lithium–ion BESS

have been built at Zhangbei [12]. In this project, the BESS

is connected to the high voltage power grid via trans-

former. In Korea, the field test of BESS has been per-

formed at Jocheon substation, Jeju. The BESS is connected

to the 154 kV high voltage system via bi-directional con-

verter and transformer. The common point of these

researches is the BESS is connected to the high voltage

power system through bi-directional converter and

transformer.

Therefore, we design the BESS system, which is com-

posed of battery, bi-directional converter, and transformer,

for the connection to the 22.9 kV distribution system. A Li-

ion battery, which is sufficient for improving power quality

and power system reliability, is adopted. The bi-directional

AC-DC converter works as the interface between the bat-

tery and the ac grid. BESS supplies the power via 380 V/

22.9 kV Y-Y transformer to the distribution system to

prevent voltage swell at healthy phase during fault

[14, 15].

The grounding method used in the distribution system is

a solid grounding. This is a common grounding mode used

in most distribution system of Korea. If the resistance or

arc suppression coil grounding are used, the fault cannot be

detected by current amplitude change because the fault

current depends on the resistance or coil values. Therefore,

the proposed algorithm cannot be applied.

Line2

Load

Protective 
relay

i1(t)
v1(t)

Open/close signal v2(t)

Communication Communication

Line1 Recloser
22.9 kV

Battery

Bi-directional
converter

Y-YBESS

CBBESS

Open/close signal

Fig. 1 System configuration of new reclosing technique
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2.2 Flowchart of proposed reclosing technique

Figure 2 presents a flow chart of the proposed reclosing

technique in the distribution system with the BESS for

UPS. The inputs for the reclosing technique are the current

i1(t) and voltage v1(t) from the system, and the voltage

v2(t) at the BESS connection point. In normal state, the

proposed technique calculates the amplitude, phase angle,

and frequency. When a fault occurs (I1A or I1B or I1C[a),

the recloser is opened. In this step, a faulty phase is

instantly detected by amplitude variation of current at each

phase. If the current from system at any phase is bigger

than a, it is judged as the faulty phase and hence the trip

signal of CBBESS at faulty phase is sent to disconnect the

BESS at faulty phase from distribution system. The first

reclosing is attempted when the fixed dead time (0.5 s) in

conventional reclosing has elapsed and the synchronism

checking has been completed.

The items of synchronism checking are the differences

in frequency, phase angle, and voltage amplitude between

the utility power and the power from the BESS. If the

reclosing is successful, the BESS in a faulty phase is

reconnected to the distribution system after checking the

voltage and frequency in the steady state. If the reclosing

fails, the recloser is re-opened. A second reclosing is

attempted when the fixed dead time (15 s) in conventional

reclosing has elapsed and the synchronism checking has

been completed. If the second reclosing is successful, the

BESS in a faulty phase is reconnected to the distribution

system after checking the voltage and frequency in the

steady state. If not, the recloser is locked out. Because the

proposed technique maintains the power supply to healthy

phase by BESS, this technique can be only applied to

single phase load. The a to judge a fault occurrence is

dependent on the system conditions and it is set to 500 in

the simulations. bfrequency, bvoltage and bangle for synchro-

nism checking are decided based on [20] regardless of the

system conditions. bfrequency, bvoltage, and bangle are set to

0.2 Hz, 5%, and 15 degrees in the simulations,

respectively.

Figure 3 shows the state transition of each circuit

breaker according to the proposed reclosing process. ‘S1’

means the state of recloser. ‘S2’ and ‘S3’ mean the state of

breaker for connection of BESS at fault and healthy phase,

respectively. Also, ‘1’ and ‘0’ mean the close and open

state, respectively. The state of recloser and the breaker at

faulty phase transit to ‘1’ or ‘0’ by the proposed reclosing

process, however, the state of breaker at healthy phase

maintains ‘1’. The state diagram used in the sequential

machines is a directed graph that allow us to visualize the

sequence of states. For each combination of current state

and input, the next state in the process is shown by the state

diagram [21].

Figure 4 shows the state diagram for all the events and

their transitions in proposed reclosing process. The signal

for state transition in Fig. 4 mean the ‘S1’, ‘S2’, and ‘S3’.

The initial state is �Normal. The change of ‘S1’, ‘S2’, and

‘S3’ after fault occurrence cause the transition to next state.

When the process remains in state ´ after 15 s, the process

enters into state ˜ and the reclosing is lockout. The

sequence of state transition in case of Fig. 3a, b is �-`-´-

ˆ-Þ-� and �-`-´-ˆ-´-ˆ-Þ-�, respectively. In case of

permanent fault shown in Fig. 3(c), the sequence of state

transition is �-`-´-ˆ-´-ˆ-´-˜.

Fig. 2 Flowchart of new reclosing technique
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3 Simulations and discussion

3.1 System model

Figure 5 shows a system model to test the proposed

reclosing scheme. The type and length of Line1 and Line2

are ACSR 95 mm2 and 10 km, respectively. The capacities

of the BESS and the load are 1000 kWh and 3000 kW,

respectively. All of loads are single phase loads.

As shown in Fig. 5, the BESS is assumed to have a large

enough capacity such that it does not finish discharging

during its operation as a UPS under fault conditions.

The BESS and the distribution system are modeled by

using EMTP/ATPDraw [22]. The proposed algorithm is

implemented by using EMTP/MODELS. The proposed

algorithm is based on 120 samples/cycle and hence it is

possible to implement the real-time operation using

hardware.

3.2 Simulation conditions

Table 1 presents the simulation conditions to test the

proposed reclosing scheme. Two transient fault cases

(cases 1 and 2) are simulated. And one permanent fault

case (case 3) is simulated. Cases 1 and 2 are the condition

to verify the first and second reclosing attempts, respec-

tively. From 0 to 1 s, the BESS is charged. If the BESS has

large capacity to serve the power to the load of the healthy

phases, there’s no difference at fault conditions whether it

was in the charging state of fully charged. Therefore, the

fault is occurred after fully charged at all of cases.

Fault conditions are as follows:

1) Fault type: Single line-to-ground faults of phase B.

2) Fault resistance: 1 X.

3) Fault location: 50% of line 2.

For reduction of the simulation time, the dead time for

the second reclosing is changed to 4 s instead of 15 s.

Fig. 3 State transition of each breaker at proposed reclosing process
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detection 

 During 
fault clearing

 Reclosing 

 Lockout

1 1 1

1 1 1

0 0 1
1 0 1

0 0 1

0 0 1
Timer 
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1 0 1

0 0 1

 Connection 
of BESS

1 0 1

Fig. 4 State diagram for all events and their transitions in proposed

reclosing process
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Fig. 5 System model to verify proposed reclosing technique
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3.3 Simulation results and discussion

3.3.1 Case 1

Figures 6 and 7 show the root-mean-square (RMS)

waveforms of load current at fault occurrence and first

reclosing instant in case 1, respectively. The measuring

point of load current is presented in Fig. 5. The fault occurs

at 1.2 s and the recloser is tripped at 1.25 s. The load

current during fault is small than rated current because the

current from both BESS at faulty phase and main sources

flows to the fault point not load. According to the proposed

algorithm, after tripping of recloser, the BESS supplies

power in healthy phases. i.e., phase A (red line) and phase

C (blue line), but not in a faulty phase i.e., phase B (green

line). The reclosing is performed at 1.757 s, and the BESS

in a faulty phase is reconnected at 1.806 s after successful

reclosing. No transient phenomena occur after reconnec-

tion of the BESS in a faulty phase.

Figure 8 shows the state and open/close signals of the

recloser and the BESS in case 1. The signal of the recloser

is changed to ‘‘0’’ after the recloser trips due to fault

occurrence and ‘‘1’’ at the reclosing instant. The signal of

the BESS in a healthy phase does not change in the pro-

posed algorithm. The signal of the BESS in a faulty phase

is changed to ‘‘0’’ after fault occurrence and ‘‘1’’ after

successful reclosing.

3.3.2 Case 2

The waveform of load current at fault occurrence instant

in case 2 is equal to Fig. 6. Figures 9 and 10 show the RMS

waveforms of the load current at first and second reclosing

instant in case 2, respectively. As shown in Figs. 6 and 9,

the healthy phase has a steady state current because the

BESS supplies the power to the healthy phase by the
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Table 1 Simulation conditions

Case Fault occurrence Fault clearing Description

1 1.2 1.3 Transient fault

2 1.2 4.0 Transient fault

3 1.2 – Permanent fault
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proposed algorithm. The first reclosing is performed at

1.757 s; however, it fails, and the current in a faulty phase

is zero again after tripping of recloser until the second

reclosing attempt. According to the proposed algorithm,

the second reclosing is attemped at 5.815 s, and the BESS

in a faulty phase is reconnected at 5.865 s. As in the

simulation results for case 1, no transient phenomena occur

after reconnection of the BESS in a faulty phase.

Figure 11 shows the state and open/close signals of the

recloser and the BESS in case 2. After the fault occurrence,

the signal of the recloser and the BESS in a faulty phase is

changed to ‘‘0’’ for the opening operation. The signal of

recloser is changed to ‘‘1’’ for the first reclosing attempt;

however, it is changed to ‘‘0’’ once again because of

unsuccessful reclosing. In this step, the signal of the BESS

in a faulty phase remains ‘‘0’’. The signal of the recloser is

changed to ‘‘1’’ for the second reclosing attempt, and the

signal of the BESS in a faulty phase is changed to ‘‘1’’ after

the successful second reclosing. The signal of the BESS in

a healthy phase does not change during the reclosing

process.

3.3.3 Case 3

The waveforms of load current at fault occurrence and

first reclosing instant in case 3 are equal to Figs. 6 and 9,

respectively. Figure 12 shows the RMS waveforms of the

load current at the second reclosing attempt in case 3. The

first and second reclosing attempts are performed accord-

ing to the proposed algorithm; however, it fails, and so the

current in a faulty phase is zero during the dead time.

However, the normal current is supplied to the healthy

phases by the BESS during the dead time and after

lockout.

Figure 13 shows the state and open/close signals of the

recloser and the BESS in case 3. The signal of the BESS in

a healthy phase does not change during the reclosing pro-

cess, and the signal in a faulty phase remains ‘‘0’’ after the

fault occurrence because of unsuccessful reclosing. The

signal of the recloser is changed to ‘‘1’’ during the

reclosing attempts; however, it is changed to ‘‘0’’ again due

to the permanent fault.
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3.4 Reclosing and reliability

Synchronism checking might lead complicated proce-

dure and malfunction. Therefore, the individual component

as well as the whole system reliability should be consid-

ered. Synchronism checking relays have been produced by

several companies and applied in the field. In particular,

synchronism checking has been used in the reclosing of

transmission lines, and no malfunction in synchronism

checking has been reported. Also, with the development of

digital signal processing technology, it is possible to

accurately obtain the differences in voltage magnitude,

frequency, and phase angle between two points. Therefore,

this paper does not consider the reclosing failure due to the

synchronism checking problems. The conventional distri-

bution systems do not consider synchronism checking in

reclosing procedure. If the BESS is disconnected from

distribution system during fault, the BESS cannot be used

for the UPS. In order to increase the utilization of BESS,

the BESS should be connected during a fault, so the syn-

chronism checking must be considered as discussed in

introduction. The outage time of faulty phase will be

increased due to extra time for synchronism checking.

However, the extra time for synchronism checking is

actually very short due to a development of digital signal

technology. In [23], a time delay of synchronism relay

using in power networks is specified. Estabilization time of

synchronism relay signals is 30 ms. Time for action of

output unit of the synchronism relay is 30 ms. Time set in

the synchronism relay for checking depends on the setting

of operator, which has usually a delay of 100 ms [23].

Therefore, the closing time delay is usually 160 ms, i.e.

about 10 cycles at 60 Hz. In our algorithm, the normal

power is supplied to the load by BESS after opening of CB.

After that, the time delay for synchronism checking

between source and load sides is counted. Therefore, in the

simulation results, the reclosing is performed within 1/2

cycles after fixed dead time (0.5 or 15 s). This is very short

time delay. In other words, the increase of outage time of

faulty phase at the proposed scheme will be very short

comparing with the conventional reclosing scheme. In

summary, by applying proposed reclosing scheme, the

interruptions of healthy phases will be prevented and hence

the reliability will improve. Also, the increase of outage

time of faulty phase will not affect to the reliability.

The use of a recloser or breaker with a reclosing relay at

the substation, significantly reduces the number of sus-

tained interruptions to a customer (SAIFI), the total dura-

tion of interruptions to the average customer (SAIDI) and

the number of momentary interruptions (MAIFI). Single

phase tripping is an option that utilities can utilize with

modern high technology recloser. Since the vast majority

of faults on distribution systems are line to ground, it

makes sense to utilize the inherent capability of the

recloser to operate in a single phase mode and thus reduce

interruptions to customers on the other 2 phases [24]. The

previous works between reclosing and reliability have not

been studied on the similar reclosing operating mechanism

with proposed reclosing method. However, the power

supply to healthy phase by BESS to prevent the interrup-

tions is similar with single phase reclosing. In [25], single

phase reclosing yields an approximate 11%*12%, 12%,

and 16% improvement in SAIDI, SAIFI, and MAIFI over a

comparable system with three phase reclosing, respec-

tively. Based on these results, we can expect the reliability

improvement by proposed reclosing method. To perform

the quantitative analysis of reliability, we will perform the

reliability study considering the proposed reclosing method

and system configuration.

4 Conclusion

This paper proposes a reclosing scheme using synchro-

nism checking that considers the BESS in a distribution

system. It discusses how the effects of the BESS in

reclosing differ according to the BESS’s purpose of use,

and this paper deals with the BESS as UPS among several

purposes. The proposed reclosing technique classifies the

fault and healthy phases based on the fault current from

utility, and so the BESS can keep the power service in the

healthy phase. To minimize the effect in a healthy phase at

the reclosing instant, this paper adopts synchronism

checking between the main source side and load side.

To verify the proposed reclosing technique, this paper

models the distribution system, BESS, and proposed

algorithm using EMTP/ATPDraw and performs the various

simulations according to the fault clearing time. From the

simulation results, regardless of the fault clearing time, we

can conclude that the reclosing can successfully be per-

formed by the proposed reclosing technique and the BESS

in a healthy phase can be operated as UPS.
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