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Abstract

In accordance with the policy of local government, the large scale of wind farms have been
installed in Jeju power system. However, The intermittent characteristics of wind power output
may cause grid voltage and frequency variation, especially in weak power system. One of the
solution to solve this problem is installation of Energy storage system (ESS). In this case, the
ESS will regulate the active power generated from wind farm to mitigate fluctuation. Actually,
the local government of Jeju island constructed ESS connected to Hangwon wind turbine in
2016. From this point, this paper analyzes requirement capacity of ESS to mitigate wind power
fluctuation based on measured data from Hangwon wind turbine and ESS. The simulation
results will be carried out by Matlab program.
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Fig. 6 Histogram of wind power fluctuation rate with ESS

Table 2 Analysis on wind power fluctuation rate with and without ESS

Items Without ESS With ESS
Maximum of wind power fluactuation rate 70.08% 33.26%
Average of Wind power fluctuation rate 10.62% 6.24%
The number of output power over 10% fluctuation rate 35.27% 16.23%
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2

7WEo = ESSe] e 25 24} S1a 71 2 ik gel poS
1947 e helatol ESS 2v] &) Brighe Aslol £ st Aolo] g PCS
500 kWhe] ez} ti4l 1,000 kWh
0.52 47gste] 4 5 SOCE] Friglat Hagke)

Huazko

aAHA=

o] 7] SOC}FSOC

Journal of the Korean Solar Energy Society Vol. 37, No. 6, 2017

65



el ] =2l

HEE Altete] g7k Atdatlch

Fig. 118 A3 |4 x| ESS 28 Uehd .02 oF034] 7 2t} 1,769 kW= 7|2 513t} o]u Fig.
129] SOCE= oF 36%4-€] 58%7HA] MEsto] o5 -850 = 2Hitold 226 kWhe] HijE|2] &&fo] 815 = A
2 81 3 4= Itk Fig. 132 AAFE] o4 Aol B w552 Herdct oo ESS7H -85kl Algh glo] Ao
SEPslgong nE Boy wEgo| 10%0 g AAE AL gelg 4 9lrk,

mo

BESS Output [kW]

1,500 [~ -

L 1 1
"o 1 2 3 a s 6 7 8 ° 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour [n]

Fig. 11 Output power of ESS - Simulation result

L
() 1 2 3 a 5 6 7 8 ° 10 11 12 13 14 15 16 17 18 18 20 21 22 23 24

Fig. 12 SOC - Simulation result

2
3

©

°
T
I

@

]
T
1

<
S
I

3
]
T
L

a
]

»
s

Fluctuation rate pm [%]

w
s

20

WMM m o ‘M‘, Ul

|
etz {iashills, | Mbb' L 1
a 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour [h]

s
7

Fig. 13 Wind power fluctuation rate - Simulation result

Journal of the Korean Solar Energy Society Vol. 37, No. 6, 2017



SHLV(0| 24 YIS 2Tt oA HYY2| S AR AR _ RS 9|

o

4o

Hu
i
S
ko
-
Bt

N

4 grout, BEole vjjzle] 42 WSS Tee o) PCs feol Hlalslo] £epo] 571

B A= 2017 T AFASAIRTAE ] AP0 2 Shaof U 2] 7= H7FA(KETEP) & | 9-&- Hio} 4=3ist
A Y i No. 20173010024890).

2 A7 AR} GRS TEAL “AGSEHIL A RED, RO006221) 02 54
g A7Ee
REFERENCES

1. Jeju Special Self-Governing Province, Carbon Free Island Jeju by 2030, 2012.

2. LIN Jin, Sun Yuan-zhang, Poul Sorensen, Li Guo-jie, and Li Xiong, Frequency Modeling of Wind Power Fluc-
tuation and the Application on Power Systems, in Proc. Int. International Conference on Power System
Technology, pp. 1-8, 2010.

3. Jeju Special Self-Governing Province, Jeju Special Self-Governing Province Ordinance on Permission for
Wind Power Generation Project and District Designation, 2011

4. Jeju Special Self-Governing Province, Demonstration Project of Energy Storage Device for Stabilizing Output
of Wind Turbine Generator, Jeju Special Self-Governing Province 2015-1115, 2015.

5. G. Koshimizu, T. Numata, K. Yoshimoto, H. Hasuike and T. Shibata, Subaru Project: Application of Energy
Storage for Stabilization of Wind Power in Power Systems, ESA 2005 Annual meeting Conf. Energy Storage
Association, 2005.

6. G. Koshimizu, T. Numata, K. Yoshimoto, H. Hasuike and T. Shibata, Subaru Project: Analysis of Field test
results for Stabilization of 30.6MW Wind Farm with Energy storage, Electrical Energy Storage Applications
and Technologies 2007 Conf. Energy Storage Association, USA, 2007.

7. K. Yoshimoto, T. Nanahara, G. Koshimizu and T. Uchida, New Control Method for Regulating State-
of-Charge of a Battery in Hybrid Wind Power/Battery Energy Storage System, Proceedings of 2006 IEEE PES
Power Systems Conference & Exposition, pages 1244-1251, 2006.

8. Olivier Tremblay, Louis-A Dessaint, Experimental Validation of a Battery Dynamic Model for EV Appli-
cations, World Electric Vehicle Journal, Vol.3, pp. 289-298, 2009.

Journal of the Korean Solar Energy Society Vol. 37, No. 6, 2017 67



el ] =2l

10.

11.

12.

Duehee Lee, Joonhyun Kim, Ross Baldick, Stochastic Optimal Control of the Storage System to Limit Ramp
Rates of Wind Power Output, IEEE Transactions on Smart Grid, Vol. 4, No. 4, pp. 2256-2265, 2013.

Ali Esmaili, Adel Nasiri, Power smoothing and power ramp control for wind energy using energy storage, 2011
IEEE Energy Conversion Congress and Exposition, 2011.

X. Li, Fuzzy Adaptive Kalman Filter for Wind Power Output Smoothing with Battery Energy Storage System,
IET Renewable Power Generation, Vol. 6, Iss. 5, pp. 340-347, 2012.

POSCO ICT, New Renewable Generator Output Control Device and Method, Patent specification, 10-1514886,
2015.

68

Journal of the Korean Solar Energy Society Vol. 37, No. 6, 2017



