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Wind power, a renewable and environmentally friendly energy
source, is becoming increasingly important and is now considered
to be a viable source of alternative energy. In recent years, many
large-scale wind farms have been incorporated into power grids.
However, one of the biggest problems of wind power is that out-
put cannot be fully controlled due to the output fluctuations of the
wind caused by wind gusts. With large-scale integration of wind
power into a power grid, the variation of wind power may cause
some problems, e.g., voltage instability and frequency control prob-
lems, which should be resolved adequately to avoid negative effects
on the existing power grid. In this work, the improving effects of
power storage system such as EDLC (Electric Double Layer Capac-
itor) on the properties of wind power generation systems is investi-
gated, and frequency characteristics and transient stability in these
cases are verified.

Digital simulation study is conducted in this work and wind
power generation system model given in Fig. 1 are used. Block dia-
gram of control system of EDLC is shown in Fig. 2.

The following cases of wind power generation system with
EDLC are studied in this work.
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Fig.2. Block diagram of control systems of EDLC
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Fig.3. Active power of transmission line 3

(1) In normal operating condition, while wind power includes
sinusoid waves with various frequencies (0.2-0.5 Hz) and vibrates
with an amplitude of 0.1 p.u., frequency characteristics of fluctua-
tion of active power through the tie transmission line 3 and voltage
deviation of bus 6 are investigated, in case of EDLC with different
amounts of capacities and time constants in its control systems. The
power flowing through the tie transmission line 3 in cases of power
grid with and without EDLC is plotted in Fig. 3

(2) In order to confirm the transient stability of wind power
generator, CCTs (Critical Clear Time) are checked, with a 3LG-O
occuring in transmission line 2. And, CCTs are compared among
cases with different EDLC capacities and time constants of EDLC
control systems as well.

The results in this work reveal the following effects:

(1) EDLC controlled by d-aix and g-axis current regulating
system can lead to not only power leveling effect but also
voltage fluctuation supppressing effect.

(2) EDLC with large amount of capacity may have better ef-
fects, however, there exists an optimal value. Furthermore,
while EDLC have enough capacity, a smaller time constant
of EDLC control system will bring about better effects.

(3) Transient stability can be improved by introducing EDLC
to a suitable location. Under the study conditions in this
work, a smaller time constant of EDLC control system is
found to lead to better transient stability improving effect,
however, no change is observed while EDLC capacity is var-
ied.

(4) In these study conditions, it seems that EDLC may have
fewer power leveling effects on the sinusoid waves with wind
frequency over 3.0 Hz.

(5) EDLC may possibly leads to a negtive impact on power
and voltage waves with some special frequency.
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The Basic Study of Influence of Energy Storage Systems on Wind Power Generation Systems

Makoto Goto*, Student Member, Guohong Wu*, Member, Yasuyuki Tada™, Senior Member, Tamotsu Minakawa*, Member

Wind power, a renewable and environmentally friendly energy source, is becoming increasingly important and is
now considered to be a viable source of alternative energy. In recent years, many large-scale wind farms have been
incorporated into power grids. However, one of the biggest problems of wind power is that output cannot be fully
controlled due to the output fluctuations of the wind caused by wind gusts. With large-scale integration of wind power
into a power grid, the variation of wind power may cause some problems, e.g., voltage instability and frequency control
problems, which should be resolved adequately to avoid negative effects on the existing power grid. In this work, the
improving-effects such as power leveling and voltage fluctuation control by one of the energy storage systems—EDLC

(Electric Double Layer Capacitor) on the properties of wind power generation systems is investigated, and frequency

characteristics and transient stability in these cases are verified. The results illustrate the fact that a properly controlled

EDLC may bring about good features to wind power generation systems.
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Table 1. Parameter of EDLC.

Capacity [10°F] (p.u.) 1.0 10
Internal Resistance (p.u.) 0.5 0.05

Start

EDLC o %5 fiffi [l #%
Equivalent circuit of EDLC.

100
0.005

No ¢ No
Vdc : E{ﬁ%}j_i 5 Pom : EDLC Hjjj
2 MR % ZE L7z EDLC fif#

Fig.2. EDLC control considering depth of discharge.
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Fig.3. Power system model.
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Table 2. Parameter of power system.

[System Constants]
System Base 1000(MVA)

[ Transmission System] (1000(MVA) Base)
7=0.0073+j0.01875(p.u/km)
§Y/2=0.000056(p.u/km)

[ Transformer]

Rated output=30.0(MVA)
X=0.11(p.u)

[Induction Generator Constants]

Pole Number : 4 pole

Stator resistance : 0.01(p.u)

Stator leakage reactance : 0.15(p.u)
Rotor resistance : 0.005(p.u)

Rotor leakage reactance : 0.15(p.u)
Excitation reactance : 3.0(p.u)
Inertia : 2.0(sec)
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(a) Control system of direct axis current
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(b) Control system of quadrature axis current
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Fig.4. Block diagram of control systems of EDLC.
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%9, EDLC D& =% 10pu. L#EL, 1 /3= 5l
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bus 6 DEEZ ZNFNHK 19 LK 20 12K TNHDOX
12XV, EDLC %E A LR & [ ICHIfE$ 5 2 & T
FHIR AN BT LEIEET A 2 LT, BIER
EMEMETEI eI D, T2, 4 2N — FHIEEE
Ba/hsd$5ZLI0L-oTC, FMNEHOEEDLS L
WODPIEFIEL LY, INICLY CCT bmLETELZ
LD 5,

JKIZ, EDLC OFEEDOHEIZOWTEET S, EDLC O
A4 o= HIHFER % 0.5sec ICEE L, HEr 2 lhs¥
72 E ORI BN bus 6 DEE % X 21 127R T,
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Fig.19. Active power of line 3 in cases of different time
constant with EDLC control system.
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Fig.20. Voltage of bus 6 in cases of different time con-
stant with EDLC control system.
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Fig.21. Voltage of bus 6 in cases of different EDLC
capacity.
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BB ESEALI S 5 ARt

#38 EDLC ¥ A7 LEARIZHT % CCT DRI
Table 3. Relationship between CCT and EDLC capac-
ity & time constant of EDLC control system.

Time Const. 1.0 05 02
Capacity(p.u. (sec) (sec) (sec)
1 120 (ms) 136 (ms) 148 (ms)
10 120 (ms) 136 (ms) 148 (ms)
100 120 (ms) 136 (ms) 148 (ms)
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