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Abstract. In order to increase grid stability, there are some 

methods to reduce wind power fluctuation by using energy 

storage system (ESS). Operating time of ESS will determine its 

losses and the lifetime of batteries. From this point, this paper 

proposes a wind power smoothing control by calculating short-

term average value of wind power. In this case, the operation of 

ESS will be decided through detecting wind fluctuation rate 

during 60 seconds. It means that the ESS will not operate at 

small fluctuation of wind power which does not affect the grid 

stability. The effectiveness of proposed method will be verified 

by comparing the conventional method with the proposed 

method. The wind power data were measured by power quality 

analysis device from 15 MW wind farm in Jeju Island located in 

South of Korea peninsula. The simulation results are carried out 

by using Matlab program. 
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1. Introduction 

 
The environmental pollution from using fossil fuels has 

promoted the use of renewable energy such as wind 

power (WP) and photovoltaic (PV). Therefore, installation 

of WP is sharply increasing all over the world. However, 

the intermittent characteristics of WP may have negative 

effect on grid stability, especially in weak grid [1]-[3]. 

Power system of Faroe Island which is not connected to 

Supergrid in Europe started the Husahagi project with 

ramp rate control in 2015. In this project, ESS will be 

installed at Husahagi wind farm with the rated capacity of 

12 MW. The ESS consists of power conversion system 

with the rated capacity of 2.3 MW and lithium ion 

batteries with the rated capacity of 0.7 MWh [4]. 
Power system of Jeju Island, which is connected with 

main grid (S. Korea) by unidirectional HVDCs, also has a 

project similar with Faroe Island for reducing wind power 

fluctuation (WPF). In this project, the ESS was installed 

at Haengwon wind farm with the rated capacity of 3 MW 

in 2016. The ESS consists of PCS with the rated capacity 

of 1 MW and lithium ion batteries with the rated capacity 

of 0.5 MWh. 

Although the ESS can reduce the WPF, the operation of 

ESS causes losses because of efficiency of PCS and 

batteries. Conventional methods for reducing the WPF 

such as ramp rate control and wind smoothing control 

(WSC) requires long time of ESS operation. Therefore, 

this paper proposes WSC by calculating short-term 

average value of WP output through detecting the WPF 

rate. The effectiveness of proposed method will be 

verified by comparing the conventional WSC with the 

proposed WSC. The WP output data was measured by 

power quality analysis device from 15 MW wind farm in 

Jeju Island. The sampling time of data is one second.  

 

2. Wind smoothing control by low pass filter 
 

There are some methods for the WSC such as low pass 

filter (LPF), Kalman filter and moving average. This 

paper uses a LPF to compare with the proposed method. 

The WSC by LPF has a good ability to reduce the WPF. 

However, it has some disadvantages including 

requirement of large scale of ESS, delayed time of output 

power, long time of ESS operation and fixed smoothing 

time constant. The calculation for total output power of 

WP and ESS are expressed as [4]-[10]: 
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ttftdref PPP  _                                                       (2) 

reftttotal PPP _                                                      (3) 

where,  tftdP _  : Low pass filtered output 

tP  : WP output     
  : Smoothing time constant 

st  : Sampling time 

refP  : Output power of ESS 
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ttotalP _  : Total output power of WP and ESS 

 

3. Proposed wind smoothing control 
 

The WPF may have a negative effect on weak grid in 

accordance with grid scale. However, the small WPF can 

be ignored for saving losses and lifetime of ESS. In the 

standard of Korean government, WPF rate during 1 

minute is limited by 10%.  

The control algorithm of proposed WSC is illustrated in 

Fig. 3. Firstly, WPF during 1 minute is calculated from 

the WP output. Secondly, if the WPF during 1 minute is 

over 10%, the ESS will start the WSC. Thirdly, the active 

power reference of ESS is estimated by the short-term 

average value of WP. In this paper, the short-term average 

value is decided by 6 seconds from Figs. 4 and 5 that 

show the maximum output power of ESS and the WPF 

rate depending on the short-term average value. The high 

average value requires a long time of ESS operation and a 

high power of ESS. The small average value can causes a 

high WPF [11]-[12].  

 
Fig. 1. Control algorithm of proposed method 

 
Fig. 2. Requirement of ESS output power depending on short-

term average value 

 
Fig. 3. WPF rate depending on short-term average value 

In this case, ttotalP _  will be delayed to next sampling 

time because refP  will be estimated at t th second and 

then it will adjust next step of WP output.  The 

calculations of WPF during 1 minute and total output 

power of WP and ESS are as follows: 
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where, ratefluc  : WPF rate during 1 minute 

):( 59max tt PPf   : Maximum WP during 1 minute 

):( 59min tt PPf   : Minimum WP during 1 minute 

):( tshorttermtmean PPf   : Short-term average of 

WP 
 

4. Simulation results 
 

In order to evaluate the effectiveness of proposed WSC 

method, this paper compares with the conventional WSC 

through two different WP conditions such as normal and 

high WP output. The smoothing time constant of WSC by 

LPF is about 79 seconds that can make WPF under 10% 

of WP output on Feb 21th, 2015. Then the margin of 

fluctuation rate for proposed method is about 0.5%. In 

actual system, the ability of WSC is limited by capacity of 

PCS. From this point, the output power of ESS will have a 

limitation for 1,500 kW which is 10% of wind farm 

capacity. In the simulation, the efficiency of PCS is 

assumed by 90% and the round trip efficiency of batteries 

is also assumed by 90%. 

 

4.1 Normal wind power output on Feb 21th, 2015 

 

On Feb 21th, 2015, the WP average output was 

recorded by 3544.4 kW. This capacity factor is 23.6% 

which is close to average value of wind farm in Jeju 

Island as shown in Fig. 4(a). The WPF rate during 1 

minute of this day is over 25% as seen in Fig. 4(b). The 

WP output with the conventional and the proposed 

method demonstrate the ability of WSC as illustrated in 

Figs. 5(a) and 6(a) respectively. In this case, the WSC 

with LPF is more clearly. In Fig. 6(b), the ESS only 
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operates during 2995 seconds. In contrary, the ESS can 

operate about 73150 seconds with the LPF method as 

shown in Fig. 5(b). It means that the charging and 

discharging cycles of batteries increase and the losses of 

ESS also increase. In the WPF rate during 1 minute with 

proposed method as shown in Fig. 6(c), WPF rate exceeds 

371 times from 10%. The WPF rate with LPF method 

exceeds 83 time from 10% because of the limitation of 

PCS as demonstrated in Fig. 5(c). Although the WPF rate 

with LPF method is lower than with the proposed method, 

the proposed method does not operate under 10% of WPF 

rate. Therefore, it can save the losses and lifetime of 

batteries. Table. 1 shows summary of simulation results.  

 
(a) WP output 

 
(b) WPF rate during 1 minute  

Fig. 4. Simulation results without control on Feb 21th, 2015  

 
(a) WP output 

 
(b) Output power of ESS 

 
(c) WPF rate during 1 minute 

Fig. 5. Simulation results with WSC by LPF method                  

on Feb 21th, 2015  

 
(a) WP output  

 
(b) Output power of ESS  

 
(c) WPF rate during 1 minute  

Fig. 6. Simulation results with proposed method                        

on Feb 21th, 2015 

Table 1. Simulation results on Feb 21th, 2015 

Item 
LPF 

method 

Proposed 

Method 

Maximum WPF rate 18.81% 14.57% 

Number of WPF over 10% 83 times 371 times 

Operation times of ESS 73150 s 2995 s 

Total losses 687.1 kWh 71.1 kWh 

 

4.2 High wind power output on  Mar 23th, 2015 

    

On Mar, 23th, 2015, the WP average output was 

recorded by 9612.8 kW. This capacity factor is 64.1% 

which is very high value of wind farm as shown in Fig. 

7(a). The WPF during 1 minute rate of this day is over 

than 29% as seen in Fig. 7(b). In the WP output with the 

conventional and the proposed methods, the LPF method 

can make the WP smoother than the proposed method as 

illustrated in Figs. 8(a) and 9(a), respectively. The ESS 

with the LPF method operates during 73150 seconds as 

shown in Fig. 8(b). However, the ESS with the proposed 

method only operates 13974 seconds. In WPF rate during 

1 minute with the proposed method as shown in Fig. 9(c), 

the WPF rate exceeds 2168 times from 10%. The WPF 

rate with the LPF method exceeds 1023 times from 10% 

because of the limitation of PCS. Although the WPF rate 

with LPF method is lower than the proposed method, it 

can avoid an unnecessary operation of ESS. Table. 2 

shows a summary of simulation results.  
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(a) WP output 

 

(b) WP output with proposed method in 23th, 

 Mar 2015 

Fig. 7. Simulation results on Mar, 23th 2015 without control 

 
(a) WP output  

 
(b) Output power of ESS  

 
(c) WPF rate during 1 minute  

Fig. 8. Simulation results on Mar, 23th 2015 with LPF method 

 
(a) WPF rate during 1 minute 

 
(b) Output power of ESS  

 
(c) WPF rate during 1 minute  

Fig. 9. Simulation results on Mar, 23th 2015 with            

proposed method 

Table 2. Simulation results on Mar, 23th 2015 

Item 
LPF 

method 

Proposed 

Method 

Maximum WPF rate 20.03% 22.59% 

Number of WPF over 10% 1023 times 2168 times 

Operation times of ESS 86400 s 13974 s 

Total losses 1330.2 kWh 484.5 kWh 

 

5. Conclusion 

 
This paper has proposed the WSC by using short-term 

average of WP through detecting WPF rate during 1 

minute. From the simulation results, the proposed method 

can reduce operation times of ESS and losses. Although 

proposed method has little lower ability of reducing WPF 

rate than WSC by LPF method, the operation time and 

total losses of ESS are quite reduced by the proposed 

method. The ESS connected wind farm will save lifetime 

of batteries and reduce losses from proposed method. 
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