
 

 

 
Abstract—The power system frequency falls when disturbance 

such as rapid increase of system load or loss of a generating unit occurs 
in power systems. Especially, increase in the number of renewable 
generating units has a bad influence on the power system because of 
loss of generating unit depending on the circumstance. Conventional 
technologies use frequency droop control battery output for the 
frequency regulation and balance between supply and demand. If 
power is supplied using the fast output characteristic of the battery, 
power system stability can be further more improved. To improve the 
power system stability, we propose battery output control using 
ROCOF (Rate of Change of Frequency) in this paper. The bigger the 
power difference between the supply and the demand, the bigger the 
ROCOF drops. Battery output is controlled proportionally to the 
magnitude of the ROCOF, allowing for faster response to power 
imbalances. To simulate the control method of battery output system, 
we develop the user defined model using PSS/E and confirm that 
power system stability is improved by comparing with frequency 
droop control. 
 

Keywords—PSS/E user defined model, power deviation, 
frequency droop control, ROCOF, rate of change of frequency.  

I. INTRODUCTION 

N the power system, sometimes, the frequency drops sharply 
when disturbances such as rapid increase of system load or 

loss of a generating unit occur. Recently, the power system 
stability is very unstable due to increase of the number of 
renewable generating units. Power deviation between supply 
and demand from loss of generating unit or rapid increase of 
load has bad influence to system stability, in the worst case, 
UFR (Under Frequency Relay) is operated for load shedding. 
To prevent the above situation, the power deviation is 
compensated by other generating units such as battery. 
Connecting the battery system to the power system that 
renewable generating units are connected is a feasible way to 
make the power system more stable [1]. Traditionally, battery 
output is controlled by frequency droop control using 
frequency characteristic in the transient. However, the power 
system is very unstable due to increase in the number of 
renewable generators. Renewable generators output is very 
unstable because they are highly influenced by climate. So, the 
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stability of power systems connected with renewable 
generators is lower. To improve the stability of power system 
connected with renewable generators, faster power 
compensation is needed to response the power deviation. 

In this paper, we present battery output using ROCOF to 
compensate the power deviation between supply and demand 
more quickly. The bigger the power deviation that gives 
significant impact to stability of power system in the power 
system, the bigger ROCOF drops. When this characteristic is 
applied to the battery output, the power deviation can be 
compensated more quickly. The principle of the battery output 
using ROCOF simply is that threshold of ROCOF is set 
previously and the battery outputs in proportion to magnitude 
of the decreased ROCOF when ROCOF decrease below the 
threshold. Normally, the battery is controlled by frequency 
droop control. 

 

 

Fig. 1 Power system for simulation with wind farm and battery in 
PSS/E 

 
To confirm the effect of battery output using ROCOF, PSS/E 

user defined model to control the battery output is developed 
and results for various simulations are compared with only 
frequency droop control for battery output in PSS/E. Used 
simulation power system model is example power system 
named as ‘savnw’ from PSS/E. Additionally, two wind farms 
and a battery model are connected to example power system as 
shown Fig. 1. 
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II. EFFECT TO POWER SYSTEM STABILITY BY BATTERY WITH 

FREQUENCY DROOP CONTROL 

As an object of comparison, we conduct the battery output 
with frequency droop control and confirm the effect of this 
battery control to the power system stability. The frequency 
droop control is to increase battery output in proportion to 
magnitude of frequency deviation from the rated frequency. 
The battery with frequency droop control is operated when 
system frequency is out of dead band. Fig. 2 [2] presents the 
battery output according to change the power system 
frequency. 

 

 

Fig. 2 The battery output with frequency droop control according to 
the power system frequency [2] 
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 is the battery output, , are coefficient of the frequency 

droop control. In this paper, coefficient of frequency droop is 
set as 0.5% because battery output is maximum power at 59.7 
Hz. System frequency 59.7 Hz is instantaneous minimum 
frequency after disturbance.  is rate frequency of system 60 
Hz in Korea,  is measured frequency. ,  are DB 
(Dead Band) of frequency droop, range of DB is determined as 
60 ± 0.017 Hz [3]. User defined model of PSS/E is developed 
based on (1) for frequency droop control. 

To confirm the effect of frequency droop control, we have 
used CBEST battery model supplied from PSS/E and simulated 
several cases. The structure of the CBEST battery model is 
shown in Fig. 3. 

 

 

Fig. 3 Diagram of CBEST battery model from PSS/E [4] 
 

The CBEST battery output is controlled by  and . 
 is input value,  is initial value of the CBEST battery 

model. The others are values of output range. In this paper, 
initial value  is set as 0; input value  is set by 
frequency droop control. The other setting values are shown in 

[5]. 
The capacity of CBEST battery model is set as 30 MW, 

initial power system load is set as 2500 MW and initial battery 
output is set as 0 MW for simulation.  

After 30 second simulation begin, the system load is 
increased by 5 MW to check the battery with the frequency 
droop control operation and to confirm the effect on the system 
when the system frequency stays in the DB. Then, there is no 
battery output; therefore, the power system frequency changes 
the same as the no battery system.  

After 60 second from the start of simulation, system load is 
increased by 5% of total load to check the battery with 
frequency droop control operation and to confirm the effect on 
the system when the system frequency is out of the DB. Then, 
the battery output is increased depending on the frequency 
droop control. It can be confirmed that when the battery with 
frequency droop control is connected to the system, the system 
frequency stability is little improved than none. 

 

 

Fig. 4 The battery with frequency droop control output according to 
increase the system load 

 

 

Fig. 5 The system frequency according to increase the system load 
 

In the next chapter, the system frequency stability is more 
improved by the battery using ROCOF. 

III. EFFECT TO THE POWER SYSTEM STABILITY BY BATTERY 

USING ROCOF 

To improve the system stability, power deviation between 
supply and demand is compensated more quickly after rapid 
load increase or loss the generating units. So, the method using 
the ROCOF should be applied to the battery output control. The 
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bigger the power deviation that gives significant impact to 
stability of power system in the power system, the bigger 
ROCOF drops. So, battery output is increased in proportion to 
the magnitude of ROCOF drop when ROCOF drop down 
below the threshold. Normally, the battery output is controlled 
by frequency droop control. 

 

 

Fig. 6 The Battery output graph with frequency droop control and 
using ROCOF according to the system frequency [2] 

 
TABLE I 

INERTIA CONSTANTS OF EACH GENERATOR 

Generators Inertia time constants [MWs/MVA] 

101 NUC - A 1.44 

102 NUC - B 1.44 

206 URBGEN 1.33 

3011 MINE – G 0.83 

Total 5.04 

 
In Fig. 6, the battery output is increased in proportion to the 

magnitude of ROCOF drop (a). After that, battery output 
remains constant at that time while ROCOF is increased 
because the time is required to increase the output of the other 
generators. (b). After other generator’s reserve power is 
inserted, battery output should be slowly decreased to reduce 
the impact to the system stability (c). 

To apply ROCOF control to battery, the value of thresholds 
should be determined. When ROCOF is lower than the 
thresholds, the battery ROCOF control is operated. The 
threshold of ROCOF is associated with the power deviation 
between supply and demand. The time derivative ∆  can be 
estimated as [2]: 

 

       
0 02 2

m e

Keq Keq

P t P t P td f
t f f

dt E E

 
       (2) 

 
where [MWs] is the total kinetic energy stored at rated 
speed in the rotating masses of generator,  and [MW] 
are the power generation and demand. Equation (2) is 
expressed in (3) [2]: 
 

     
0 02

pu pu

eq eq

P t P td f
t f f

dt H M

 
        (3) 

 
/ [MWs/MVA] and [s] are respectively 

the equivalent inertia and mechanical start time constants of the 
considered power system. Total time constant of generators 
connected to power system is given by Table I (The base is 
2500 MVA). 

Initial power deviation of the ROCOF control battery 
operation is 30 MW (= 0.012 p.u.) because rated power of 
battery is determined as 30 MW. The thresholds of ROCOF 
control operation is determined as: 

 

   
0

0.012
60 0.072 /

2 2 5.0

pu

eq

d f t P t
f Hz s

dt H

  
    


  (4) 

 
The output of the battery using ROCOF control increases in 

proportion to the magnitude of ROCOF drop and the battery 
output is maximum when ROCOF is -0.3 Hz/s. To confirm the 
ROCOF control result, the simulation is conducted. The system 
load is increased as 20 MW after 30 seconds from the start of 
simulation. It is to check the battery with ROCOF control 
operation when the ROCOF is over the threshold. Then, the 
battery output with the ROCOF control is equal to frequency 
droop control. 

 

 

Fig. 7 The Battery output comparison according to increase the system 
load (20 MW) 

 

 

Fig. 8 The system frequency comparison according to increase the 
system load (20 MW) 

 
The system load is increased by 30 MW after 60 seconds 

from the start of simulation. It is to confirm operation of the 
battery using ROCOF control when the ROCOF drops slightly 
below the threshold. Then, the output of battery using ROCOF 
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control improves the system frequency a little compared with 
the frequency droop control. 

The system load is increased as 5% after 90 seconds 
simulation begins. It is to check how much battery with 
ROCOF control output contributes to the system stability 
improvement when the system load is rapidly increased. In this 
case, the system frequency can be considerably improved 
because the power deviation is more quickly compensated by 
the battery with the ROCOF control than only the frequency 
droop control. 

  

Fig. 9 The battery output comparison according to increase the system 
load (30 MW) 

 

 

Fig. 10 The system frequency comparison according to increase the system load (30 MW) 
 

IV. CONCLUSION 

To improve the system stability, the power deviation 
between supply and demand is more quickly compensated by 
the proposed battery output control. The battery output is 
controlled by ROCOF control. The threshold of the ROCOF 
control is determined by the power deviation and the battery 
output is operated when the ROCOF is below the threshold. To 
compare the result between the frequency droop control and 
ROCOF control, simulations are performed to PSS/E. The wind 
farms and battery model are connected to the example power 
system provided from PSS/E. The simulations are performed 

with the system load increase. As a result, the battery output 
with ROCOF control more quickly compensate the power 
deviation than the battery output with the frequency droop 
control, therefore, the power system can be operated more 
stably. In the future, we will calculate the limit capacity of wind 
farm and make plan how to operate the wind farm according to 
situation. 

 

World Academy of Science, Engineering and Technology
International Journal of Energy and Power Engineering

 Vol:11, No:4, 2017 

465International Scholarly and Scientific Research & Innovation 11(4) 2017 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 E
ne

rg
y 

an
d 

Po
w

er
 E

ng
in

ee
ri

ng
 V

ol
:1

1,
 N

o:
4,

 2
01

7 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
00

07
05

6.
pd

f



 

 

 

Fig. 11 The battery output comparison according to increase the 
system load (5%) 

 

 

Fig. 12 The system frequency comparison according to increase the 
system load (5%) 
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