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ABSTRACT 

We have developed the ESS (Energy Storage System) 

especially for the purposes of distribution network 

management such as feeder load management, active 

voltage control and power supply in the event of outages. 

The ESS is a compact and outdoor type with forced air 

cooling system so that it is easy to install near customer 

area and re-locate to another place with respect to 

network conditions. This paper introduces demonstration 

results of energy storage system installed in real 

distribution network. 

INTRODUCTION 

Nowadays, ESS has been utilized for power system 

operation for various purpose. KEPCO (Korea Electric 

Power Corporation) has already operated the ESS 

installed in substation for supporting frequency regulation 

of national grid. Recently, interconnection demand of 

renewable energy has been increasing dramatically in 

Korea. And also, there were a number of overloading 

feeders occurring load increase locally. Therefore, 

KEPCO needs to construct new feeders to interconnect 

renewable energy and to relieve overload of feeders. 

However, the construction of new feeders is costly and 

time consuming. And also, the new feeders are inefficient 

because it operates at low utilization rates. Therefore, the 

installation of ESS with real and reactive power control 

capability in distribution network is emerging as an 

alternative to avoid new feeder construction. Although a 

battery price has dropped significantly, ESS is still an 

expensive equipment and needs to be used for multi-

purpose. The operation objectives of ESS in distribution 

level of KEPCO are summarized as following 

1) Network enforcement or new construction can 

be deferred by peak cut control of ESS in over 

loaded feeder. 

2) And also, the hosting capacity of distributed 

generations increase by peak cut control of 

reverse power flow. 

3) The reliability can be enhanced by intentional 

islanding base on ESS. 

4) Active voltage management can be 

implemented by reactive power control of ESS. 

For the purpose of above, KEPCO has developed a new 

type of ESS using the lithium-ion battery collaborated 

with Korean companies. The ESS was installed in real 

distribution network of KEPCO and we have performed 

various demonstration tests. 

DEVELOPMENT OF ALL-IN-ONE TYPE ESS  

KEPCO has developed the compact ESS for installation 

in rural area of a distribution feeder. The ESS is an all-in-

one type, i.e. the components of ESS, PCS, Battery, BMS, 

PMS, breakers, which are made up of a single unit. The 

capacity of a unit is 250kW output and 500kWh storage 

capacity. And the ESS was developed in an outdoor type 

with forced air cooling system. Therefore, the ESS is 

easy to install near customer area and re-locate to another 

place with respect to network conditions.  

The ESS has an operational power factor of -1.0 to 1.0 

for voltage control when the feeder is not peak load 

conditions. The detailed specifications of the ESS are as 

shown in Table 1.  

 

Table 1. Specification of the ESS 

Item Category Specification 

PCS Rated power 250kW 

Rated voltage 380VAC 

Efficiency Over 95% 

Power factor -1.0~1.0 

Battery Capacity 500kWh 

Operating voltage 660~826 Vdc 

Round Trip Efficiency Over 90% 

DEMONSTRATION SITE  

We have installed the ESS in the distribution network as 

shown in figure 1. The total capacity is 1MW/2MWh as 4 

units are installed on one site where is near the end of the 

feeder. The ESS can measure the voltage at 

interconnection point through voltage sensor so that ESS 

can control the voltage of MV line. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ESS unit capacity 
250kW/500kWh 

Tr. (380/22900V) 

Voltage Sensor 
Of MV line 

Figure 1. ESS demonstration site  
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DMONSTATION RESULTS 

Peak cut control of feeder load 

The objective of peak cut control is for maintaining the 

maximum power flow on the feeder under operational 

power flow limit. Because ESS cannot detect the load 

conditions of distribution network, we have proposed a 

strategy for DMS (Distribution Management System) to 

inform ESS of the load condition of the network and ESS 

performs charging or discharging control for peal cut. 

In detail, DMS calculates the network power flow and 

provides the network operational information as 

maximum power flow to the ESS when overloading 

condition is detected. Then, ESS starts to discharge to the 

feeder until the maximum power flow is going under pre-

set limit. Other than overloading conditions, ESS 

automatically carries out charging control to recovery 

SOC (State Of Charge) to the pre-set level which is 

sufficient to reduce maximum peak energy. The figure 2 

shows a network configuration of ESS demonstration site 

for peak cut operation in cooperation with DMS. 

 

 
 
Distribution operational information is acquired by the 
distribution control center and DMS transmits it to the 
ESS through the optical communication every minute. 
The transmitted information is used as input information 
in the PMS (Power Management System) inside the ESS, 
and ESS is operating peak cut control in real time based 
on peak cut algorithm which is programmed in the PMS. 
The concept of peak cut control is shown as figure 3 and 
the detailed method is following 

1) DMS analyzes the history information acquired 

in the distribution control center to determine 

the maximum peak power flow during the 

period. Then, determine charging or 

discharging amount and time to cut the 

maximum peak. 

2) Calculate the SOC level that should be 

minimally ensured before peak cut operation. 

This allows the SOC of the ESS to be within 

the operating range, even if the ESS is in 

maximum peak cut operation.  

3) PMS operates to prepare for peak cut operation 

through the information of network operation 

and SOC level. ESS is discharging during peak 

time, and charging during the reverse peak time. 

In the off-peak time zone, the required SOC is 

secured before the peak operation by recovering 

the SOC level.  

 

 

 
 

 

As a result of analyzing the information collected at the 

distribution control center, demonstrated distribution line 

has about 10MW maximum peak in the winter period and 

only the forward peak is generated. The peak time was 

between 20 to 22 hours. 

Considering the capacity of the installed ESS, it was 

considered that the peak could be reduced by 1MW 

which is the maximum output of ESS, and the peak 

reduction operation required about 1.2 MWh of ESS 

capacity. 

Since the peak cut test was carried out in August when 

the load peak was not observed, the test was conducted 

by establishing a peak reduction target based on the peak 

load at that time. The maximum peak for the period was 

6.5 MW, so that the peak reduction target is determined 

as 5.5 MW. And peak cut operating time was set between 

20 and 22 hours. 
Figure 4 shows a feeder load which was controlled by an 
ESS peak cut. As a result of the test, the peak in the 
network was detected between 20 and 22 hours, and the 
EES performed the peak reduction operation by 
discharging and the load was kept at 5.5MW or less. 
 

 
Figure 4. ESS peak cut result 

Figure 2. Test case network for ESS peak cut 

Figure 3. Concept of peak cut control 
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Intentioal islanding operation  

ESS can be used for enhancing reliability in the rural area 

where is no interconnection feeders with outage 

conditions. ESS is required the function of island 

operation which is a control scheme of constant 

frequency and constant voltage of independent power 

island. And also, the function of soft stating is needed for 

seamless transition to island mode when island condition 

occurred. The test result of islanding mode transition is as 

shown in figure 5. 

 

 
Figure 5. Transition to islanding operation 

 

Next, we describe the process and control schemes for 

reconnecting seamlessly to the main grid of power island. 

There is a technical issue about synchronization when 

power island operated by ESS reconnect to main grid. We 

solved the synchronization problem when the power 

island reconnects to gird through the function of 

synchronized close of switch or recloser on separation 

point and frequency variable control of ESS under the 

command of DMS. Figure 6 shows the configurations of 

reconnect process and command based on DMS. The 

synchronized reconnection process is following. 

1) The ESS that can independently control the 

frequency of power island performs frequency 

variable control in power island (i.e. 

59.9~60.1Hz) to accelerate synchronization 

between power island and main grid. 

2) And then, the switch where is located at 

separation point on the network checks the 

phase angle difference of voltages between 

island and main grid. The switch waits until 

they are synchronized.  

3) The switch is closed if the phase angle 

difference meets the preset conditions (i.e. 

within 10 degrees) 

 

Figure 7 shows the reference frequency variation for 

frequency variation control of power island supplied by 

ESS independently. The meanings of abbreviations of 

figure 4 are below and we can properly set these control 

parameters. 

f_ref(t) : Reference frequency 

△f : Variation magnitude of f_ref(t)  

△T : Holding time of f_ref(t) 

       f_upper_limit : Upper limitation of f_ref(t) 

       f_lower_limit : Lower limitation of f_ref(t) 

 

 
Figure 6. Configuration of DMS base reconnection 

 

 
Figure 7. Reference frequency variation of ESS 

 

Figure 8 shows the test results which are measured from 

the recolser on separation point when the power island 

supplied by ESS reconnect to the main grid. In the top 

graph of figure 8, the phase angle difference of voltages 

between power island and main grid is decreasing due to 

the control of the frequency variation of ESS and then the 

difference goes to zero since the recloser is closed. In the 

bottom grape, the controller of recolser trigger the close 

command when the phase difference is within 10 degrees. 

In this process, the power island can be reconnected to 

the main grid without asynchronous short-circuit fault 

and also there is no any outages of customers. 

  

 
Figure 8 Test result of synchronized reconnection 
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Active voltage control  

Active voltage control has tested in real distribution 

network using reactive power control of ESS. We have 

adapted the Q(V) curve, reactive power control with 

respect to grid voltages. We installed a voltage sensor on 

interconnection point of ESS for measuring MV voltage. 

ESS detect the MV voltage by this voltage sensor.  

 

 
Figure 9. Q(V) curve for reactive control of ESS 

 

The Q(V) curve has 4 operating points, V1, V2, V3, V4 

as shown in figure 9. V1 and V2 are upper and lower 

limit references of voltage. V1 and V2 can be determined 

by permissible voltage range of MV distribution line at 

interconnection point of ESS. 

V3 and V4 depends on the slopes of Q(V) curve. A slope 

of Q(V) curve is determined by the reactance which is 

equivalent reactance of power system in view point of 

connection point of ESS, including reactance of 

distribution line, transformers and grid source. We can 

apply 1/X to the slope.  V3 is determined as followed.  

 

ΔV= X ∙ ΔQ 

V3 – V1= X ∙ Qinductive 

V3 = X ∙ Qinductive + V1 

 

And also V4 can be determined in the same way as below. 

V4 = V2 – X ∙ Qcapacitive 

 

We set Q(V) curve as V1=13.32kV, V2=13.52kV, 

V3=13.08kV, V4=12.88kV in test network. Figure 10 

shows the test result of reactive power control of ESS 

based on Q(V) curve with respect to voltage variation of 

interconnection point of ESS. We installed a SVR (Step 

Voltage Regulator) on the power source side of the ESS 

and changed a tap of the SVR causing voltage variations 

in the MV network. As shown in figure 10, when the 

measured voltage is below than lower limit, V1, ESS 

outputs the reactive power according to Q(V) curve. By 

controlling capacitive reactive power, it prevents voltage 

drop and gradually increase the voltage. In case of the 

measured grid voltage is in the permissible ranges 

between V1 and V2, the reactive power of ESS is 

controlled by zero. On the contrary, when the grid 

voltage is higher than upper limit, V2, ESS outputs the 

inductive reactive power and prevents the voltage 

increase. 

 

 

 
Figure 10. Voltage control based on Q(V) curve 
 
As shown in the test results, ESS can be used the voltage 
control resources with the reactive power of ESS that can 
be controlled at any time. 
It is effective to install the ESS at the end of the feeder in 
order to maximize voltage control effects because of the 
larger X, the greater voltage variation.  
 

CONCLUSION 

ESS is a resources that can help utility operates the 
distribution network more actively and flexibly. 
Especially, ESS helps increase the hosting capacity of 
renewable energy and increase the utilization rate of 
distribution network and improve the reliability. KEPCO 
plan to expand and operate ESS in selectively in areas 
where ESS is required by evaluating the economics of 
ESS deployment compared to the new feeder 
construction. In the future, customers owned ESS can 
also be used as a positive resource for network operation. 
Therefore, KEPCO is studying an incentive program to 
utilize customer owned ESS. 
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