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In recent years, a lot of distributed generations such as photo-
voltaic and wind power generations are going to be installed in
power systems. However, these generator output changes affect
the system frequency. In this paper, the authors propose a system-
atic method to estimate an appropriate battery storage kWh capacity
and its power converter kW capacity for suppressing the system fre-
quency fluctuation caused by the wind power output change.

Three types of wind power outputs shown in Fig. 1 are used here.
The maximum change of the wind power generation output is about
1524 (MW) in each case. The initial stored capacity (MWh) at time
t = 0 is assumed to be a half of the required capacity.

The proposed systematic method is described as follows:

First, the required power converter capacity (MW) of the battery
and the initial value in minimization process of the battery storage
capacity (MWh) are calculated for the step input of wind power as-
sumed in Fig.2. The value of the step input is the same one as
the assumed maximum change of the wind power generation out-
put mentioned before. The initial MWh value is used to evaluate
the required minimum battery storage capacity (MWh) under the
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Fig.1. Output changes from wind power plants
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Fig.2. Output power change from battery and LFC
system
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condition that the probability of the frequency existing within the
reference value of the deviation is over 98 percents during the sim-
ulation period, 600 sec. here.

The frequency changes in Casel to Case3 with the battery system
obtained by the proposed method and without the battery system are
shown in Figs. 3 and 4, respectively.

In case without the battery system, Figure 4 shows that the fre-
quency deviation exceeds 0.2 Hz. It has been made it clear that the
proposed battery system works effectively and that the proposed es-
timation method for minimizing the battery storage capacity can be
available for the practical design. It has also been concluded that
the battery control system should be coordinated with LFC system
of thermal power plants and hydro power plants to obtain the mini-
mum required capacity of the battery.
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Fig.3. Frequency change (without battery system)
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Basic Study on Battery Capacity Evaluation for Load Frequency Control (LFC) in Power

System with a Large Penetration of Wind Power Generation
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In recent years, a lot of distributed power generation such as photovoltaic and wind power generation are going

to be installed in power systems. However, the fluctuation of these generator outputs affects the system frequency.

Therefore, introduction of battery system to the power system has been considered in order to level the fluctuation of

the total power output of the distributed generation. In the present paper, the authors propose a systematic method to

evaluate the appropriate battery storage capacity and the power converter capacity of the battery for the various type of

wind power outputs. The minimum required capacity of the battery is determined reasonably from the viewpoints of

battery cost and load frequency control system in a power system with a large penetration of wind power generation.

==
S8,

F—T7— KRR, oREER, JB)

L, B, LFC

Keywords: power system, distributed generation, wind power generation, battery, frequency, load frequency control

1. FU®IC

AR, BB ES KGR ER EORKRZ AV F -1, =
AL PR R 2 BT 2 b O L L GRENDEAATR W

IS Tn 5 DO, LA Led's, SO HBIERO
AIENDEADPHEE IO T, Al E) R A E)
% EREANDEEPIEEEINDL L) o TnD, —7,
NS ORMEEHIRT 5FE L LT, NAS Eilb% Redox
Flow &ith 2z & OE I IFESA 0 HRE Sh T b

RIETIE, NEDODO 70y xr b LT, KEtEEE
EAREIETRIYITER SN2 EHR O B HIEE 12 F Bt
M B BB BT kW RE R Y 1 Y K7 7 — LD
WIPEEALIZ A > 4 MICERE S N2 EEith = H v 5 5T
ABRAAT DN T WS, LALGAS, MIEEICE SR8
JEE R DZLE A WIS B 7280, SRR O JE I (LFC :
Load Frequency Control) FZE®EAT & 3 L CTREM IR
B I N7-ERM T G T 0583 72 TbhTnkiv,

—.4—043:,

KRR LR e f R LY
T 113-8656  HUCHRSCHIIXAAE 7-3-1
Dept. of Electrical Engineering, The University of Tokyo
7-3-1, Hongo, Bunkyo-ku, Tokyo 113-8656

WRES (B

T 230-8510 MR TG LKL o IGFHT 4-1

Tokyo Electric Power Company

4-1, Egasakityou, Tsurumi-ku, Yokohama 230-8510

P

*

*

236

22T, RWETIE, RENKEEOREEIEA S
NP, RMPNCKRE SN EEbE H\WT, LFC H%E
%&tWM%%.UOO,ﬁﬁﬁ&ﬁ%ﬁmﬁW~W&é
ZEEHME LTS, EiaERT A72012, Hil#, 2
A NEEEEL-EEBRY AT L0, wb@éﬁzo\%%
LUT o F5 F5 8T 0 0 25 B\ S R 5 2 Tk A s Bl & ]

LB LA EORE (MW) L EERLOR/NTEE
w (MWh) ZZDEMICHEBT 2 FEe AR CRIRET %,
B, JAJIFEER, i%@@ LB OWTIE, FEBIC

(LR EARTOEI, B, FEARZ EkA Gz

EELT, TFNCELE-EEBHOE T ED ZET

=

HUEDH LD, AR TILREE IO ZHH O A% H
HETHDT, REGHIZOWTIEEbREW D ET 5,

2. AAHRE

JEFEEE, B, JAEICKE (A SN RO
AT AHIANF=DEGED 3 BT 5 720 e )
KEV, F7o, ANREIL, AEBHHEE LTRET LY
AT LTH LIS, ZORKBHDEIRE, THEHEFILE
AENTHRZTEHL, »OoF0EHIREVOER
MICH 2 D HBENBREINTWE, ANEERTOLEED
HT-oBl% X 112RT . BII% %mﬁi,ﬁﬁ%%ﬁﬁ‘
FCEET 205, £ 20 SR ORI ZEE)
AT D 30% A0 & Vbl T\ 5,

|IEEJ Trans. PE, Vol.126, No.2, 2006



=]
=

oo
=

=
=

o
=

Total Wwind Poveer Generartion
&
=

Citpt [35]
o

Date [day]

JRF)FE R TI 2B DB

An example of wind power fluctuation.
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Fig.2. Load-demand control and power spectrum of
load fluctuation.
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Table 1. Reference of frequency deviation in Japan.
Area Maximum Deviation(Hz)
Hokkaido Area(50Hz) +03
East Area(50Hz) +02
Middle, West 101
Area(60Hz) (existing prob.95%)
Okinawa Area(60Hz) +03
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Power system model for frequency control analysis.
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(MWh) deviation
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