ISSN 1975-8359(Print) / ISSN 2287-4364(Online)

The Transactions of the Korean Institute of Electrical Engineers Vol. 68, No. 1, pp. 1~7, 2019

A7) 7IE0UAIE olget AHutaHAIEA]

1

http://doi.org/10.5370/KIEE.2019.68.1.1

A5 945te

ox
]_

Required Capacity Assessment of Energy Storage System for Relieving Operation
Condition of SPS Using Generator Acceleration Energy

ssA-FAeY- AT Z 4

(Seung-Heon Song - Woo-Yeong Choi - Han-Na Gwon - Kyung Soo Kook)

Abstract - Due to the highly concentrated power plants integrated through the limited transmission lines in Korea, a Special
Protection System(SPS) has been applied to stabilize the power systems by instantly tripping the pre—determined generators
in a large-scaled power plant when a fault occurs on the drawing transmission lines. Moreover, power outputs of those
generators are constrained to avoid any activation of Under Frequency Load Shedding(UFLS) even after those generators are
tripped by SPS action. For this, this paper proposes a method for calculating the required capacity of Energy Storage
System(ESS) expected to relieve the operating constraints to generators using its fast response for controlling power system
frequency. The proposed method uses the generator acceleration energy to derive the stable condition during the SPS action.
In addition, its effectiveness is verified by the case studies adopting actual SPS operations in Korean power systems.

Key Words :

LA 8

=y AYASS AYeQo FES Sriol wet AHAH 9
1 gt50] QAL 0] oLt ol Qg YAI9 Asht AL
o] st SO& Qdll it HAV|IE9 FJHstet 4
£0] £Q EFOZ eI JTH1]. Edl, thed &
7150] HEEHY Qe HEA0A 765kV SHLAZRE Soff &
Agg £edd AYeQ JEAY0E QEch! A= E
g ghdEo] A2 g 49 7
Z UE 2840 dAFA WE [En S8E
A = A 3l Ol JYAS9 e H
= g0l wet 765kV SHAZ 1E Al 0|8
Mol e thetld ZETxols siY 9d
15 HR7|E HA| AHSIEE ot W& &
2 IR uRFRAIER] (Special Protection System; SPS)E AX
Sto] s @41 Utk HL0] FHE thitl ZATRolE 2™
717y 212 A oigole Q29 XM EEEAl Eot
= 497 UEtda oigt 2EY] AaE nEug AR oA
QIFEE SFELE IF Al BEY] = thert S71E0] ols

P
i)
ro

ofo
4 0%

% 4

W
1
z

r o o

|0

2

oo 2 2 oo A
)
)

fjo
(=T}

M me of 2 Ho

o
0

o
5/
s
T
o)
o

oo
o > Qb o2 10 A rIr

O
=
N

[
o
opr

]

=
2
30

r
i

*  Corresponding Author Dept. of Electrical Engineering,
Chonbuk National University, South Korea
E-mail: kskook@jbnu.ac.kr
ORCID: https://orcid.org/0000-0002-4494-6514
* Smart Grid Research Center, Dept. of Electrical Engineering,
Chonbuk National University, South Korea.

Received : November 6, 2018; Accepted : December 7, 2018

Energy Storage System(ESS), Special Protection System(SPS), Transient stability

Tl M AEjolA] AYegol 1esh EXEoR Qla) [
& FIE 7IEA OletE KotAlA AFukar ARZ|(Under
Frequency Relay; UFR)Q] S&ol| olgt AHEZFO XE7IKI =
ZFefig 4= A "r2],[8]. wets W EET] AeE
FURNEX ] 2o oM FHAS W ¥ SHOL
A MEAEOIA S Fute AFube A9 s&E o4t
oz KA {8l sig HRATA] W HE7E9 EHE AMEO
Y F ootz RAlohe YA eks &6 @il oLt o=
d= U AR V29 SRAcRIE A AIA "AgAS
28 AA9 gede KotAld 4= AA Hrt v olzst A
7] AEg IFuEEAER] YoM dHEAere SHARI)
g A& R SR HAEA UEe 2d W S
18870 MENE] S08e UAZI7] I8t Ao wet wit
Heo] I WHE 8 = Q= FI|KTEA
PA7] Ag VARgEAERR AxAg giEe
g Zo7 JE JAoH = NYEASE
AOR J|1ES Fulerdg AKNAEARE SoF WHAer &

= IAEER O tigst 2dFer 9 AojEEf mE
N R Vgt Sof theh AT ZdE o] girt4],[5].
SHAIEE 7] BXHIE0] =11 gHIS] E4o] 7|E9 FMYMdH|IE
W0 Aojgt AVAFAERE AV AR DFIFHAEKY]
ArA dstEozn gutd o Hgsy] o 719 Falexk
Fede UE 2gdlg 1dsto] BE dRgge AFgsh]
st AIHQl Hote AMAILIAl &ALt olo] thal & =20
Ae UinE SEEA Q&EF9 =1¢ AR gt Al vt
Al AAEA I AZu SHAE8E 79

1

o 1o

o oo W
5 T
;

ﬁ_
>

o O

13

N o Hu

to
4>

I

U R I

t0l

Fol
El
<
o
N

Copyright © The Korean Institute of Electrical Engineers 1
This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—-Commercial License (http://creativecommons.org/
licenses/by—nc/3.0/)which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



HMI|3t5=2X] 683 15 20194 12

7IAE It QYA S AOIR UERte ZHR0URIE
Sofl fstal o] VdteR Wiy g EuEHAIER 9
2Hzd ke S AIMEdERe By gge Udcke &
He AMtsiIrt. Eok AMotd WHe Ui Sofet AR
HRIQE Asiieh sherddx]e] BEY] Agg nEuEEAIEA]
Qo] Agstal Holsibe Sl 1 fade ASsIth

2. 1HIEIAER Y 2AxA &43E 8
WRFZA H&

VZUEEAIEAE tirt 9EUX] AEME I Al AR
| dE 9R LUVIE EERIFeREN TRE0URe F
Aleto] e QFEES WSk Hoh 53] Al SEEH9
O Agts|al e7|7h F7F AR o 49 Uit €
| ASEstE ol 1SuadAIEA A
cxel AR dHEvjo] dEAors ARdo] A EsHA
U}, WEtA olm £3d0] et AVIRNFEAE tiit
HA QEME 1F Al =g SOt @Yo F5E
TESOIURIE &AL WOl Folo] erge o] Z]ojgh
SUYSE flol @-AIACk sk LAVI9 g &
I Aore gete 4~ Atk 2 HoAle o 6
I SHARE 018510 018 EASIITh

2

i

"~
=
2
L)
Pa)
o]

0

A ofy
e
ML

2}

Hu

=1

0

>~

S
o)

[

30
=

_,_,
N
~ L

l

)|
K
o) AY
|

> HI o o Tl O

0
U

o}
>~
0f0

olf

I

=

21 1ZuFYAFA] HEs S W= HEk gl

Su 0] Ystal o] J&0] XEHE AS9 e Shgo] &
dottt. ojnf NFTFLAGRAE Agdezn I gyt &
8 9 wde fAE + o, the dde 1dusd
RgRo] ogt e FEE SHE SHAHOR LIERd Zlolt.

A Ag dg AuEd oy Ud
TR9] QEMR o] dsi] XEHE SO o W&
go| REG0) met 9 dean SA8Y U9 Exdo] Eist
A ek &, 2EUR] Ul 2RVIE9 AV1A E=0] dadol
2t 7IAA Leate] At dlstal WEY9] SIFAL 7R o]
ZFSIURIZE SR EOIF] met o] A2 AR Woll SRl &

T-curve: 3% B : T-curve: D% B
B 2-curve : AT F < 2-curve : 1F F
Pus 3-curve : AFHA & ] 3-curve : AFHAH =

1 I
) A
!
v Energy removedby SPS.

o

& b & 8 & 5 b
sps Mg © SPS X =

J8 1 967 Aeg nFutgEAER o] osh EordE S
Fig. 1 SPS Application to Transient Stability
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Fig. 5 Simulation Result of Transient Stability Analysis
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Table 1 Assessment result of required ESS Capacity
(east coast case)
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