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Effective Capacity Calculation of the Electrical Energy Storage providing the Primary
Frequency Control Service based on the Contribution to the Frequency Response of
Power Systems
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Abstract - This paper calculates the effective capacity of EES providing the primary frequency control service based on its
contribution to the frequency response of the power system. The amount of governor response from conventional generators
which can be replaced by the primary frequency control from EES keeping the frequency response of the power system is
defined as the effective capacity. The proposed method for calculating the effective capacity of EES is verified through case
studies employing Korean power system. Furthermore, the application of the effective capacity of EES to power system

operation is also discussed.
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Table 1 The installed Capacities of EES at each location

Location Capacity [MW] Crate [MW/MWnh]
West-Ansung S/S 28 4
Sin-Youngin S/S 24 2
Sin-Chungju S/S 16 4
Sin-Gyeryoung S/S 24 4

Sin-Kimje S/S 24 4
Sin-Hwasoon S/S 24 4
Uryeong S/S 24 4
Ulju S/S 24 4
Kyungsan S/S 48 4
Total 236 -
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Fig. 1 The Frequency response of EES based on control
strategies
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systems

9l 2N 5
sHe 9 A4

YT AS Qe T Al WIRGER wE
7t
d50] Md=AS

Yol HEASY FuiegH

fjo
L]
e
ﬂp‘lg
4
10
)

33 WIREERY FuleFSAHLS FE8F A

AEAS 2FolA FupeFSAHIAC Q7 gko] W71
YERE PAoto] Fete] gidsty] floiMe DHASe Fuka
SH sl tig 70 E 7ECR AVAEERe gds @
Aksto] ddsior st 2 =Rl 018 fRa8deR Fodt
L} =5t o8 FYzlol| ol FukrsH 889 KEE AL
8H1l e 4 AEFukeE VECR WVIAFEA ot
71E W79 =5V18H Al 7hs 8ECEM fa8de 4t
ot the I8 38 & =RolM Aok A7 IKEEA Fat
FESMHI A K58Y AHE FRIOICH

HHAS Fos8E 7|0 7|ghe| I NEEA| FoFEAMHA

40
for

oo
o

Trans. KIEE. Vol. 66, No. 11, NOV, 2017

C ST;IRT )

Base Case

|

Determine fnadic base

l

Integrate EES
into Base Case

Y

Determine fradic_ees

Increase the number of
governor-off-generators

NO

fnaduibase = fnadlr,EES ?

Determine the Effective
Capacity of EES

I8 3 WINGEA FuleFSAH A0 a8 Hd oAE

Fig. 3 The flowchart of effective capacity calculation of EES

providing the primary frequency control service

-~

T8 30lAeE 2ol WVAMEER FuleFEAHIAY G858
ge ] Qs BAl, 7IE 2|z e ASol o ©

FE7Ie gete B0 Ha TS, 0. 2
oIt olmf 7|E Asol Foid g9 WATERE AASH
YT Hosise St dsdrie dAlstol 4 deFut
(frair e S AP = Ol28 Ha WeFuert 7IE AS
FA HeFTR (S, iy 002 SLE A TR 71E ASON
OAE WEVIO] REIE off SHH HA IEFTE(S, 00 mm)
P 71E ASY FHa WEFTE 00,2 S RS T
IE ASoIA dZE 279 257 SE8ES WIREEA
FUREFEAHIAY] GRE8HORE AP

A

gl

-~

1o 4§ Rl od L

N N

4, AFEAA

B2 ZoMe 2 = oA Rt AIVRFEA FutrREA
HA9 fag8d dadde Ul dEAS A& fade
Hd3ctal 5de BAoIth =zl AYASES 1ARFs +x2
43GWE 7Hdsilal, RVIAEEAE oA d8ed &9
236MWE Hdidst] AVIREFRG FuleFEAH A g
WE BHolal fE8Y A+E ddsiRion, Tt As 24
ZAA AREER 888 AeE A& FueFd
AHIAE tiAlst dEASS) Fukegd 580 Ade g2
SIICE T, WVIREEA Q] FuleRSAHIA Fojuleo] e

[
2

S 1563



Hoetsl=2X 667 115 20174 11

78 A9 HE 541 &Y KA aHdgete d&
SHAC.

41 WRFERY FuleFEAHIL thRIEN}

2 dojMe IU dEAES oz ®7IAEER
SESAEIA0 oS WEY] 257 S tRlgwE BAS
L 01Z &, 2 JEAE R0 Al Aeed FQ YK
X 236MWE F7ISH &, 71& dRV|9 %7 SHE
CIslA HZai7iEA S99t #rol @Ay AP Eo|
HEASY FulrgsHe HnsEr: 18 4= A7IRAEEXR
ot WAVl FuleRSAHA UARAEE AlE Fuk-SE
st Ziolth. olmf FAZIAEEXIC FuteFESAHIA

(=)

=
ORIEAE 25718 offet IHV|59 257 SHEEY e
=

38 B

L

ES
J

|
=
o

o o

]_

I

2

e
El

----- BASE —— EES 236MW EES 236MW - gov 118MW

EES 236MW - gov 235MW —— EES 236MW - gov 267MW —— EES 236MW - gov 295MW

g 8
5 8

8
8

frequency [Hz]

8
]

0 2 3 5 7 8 10 12 13 15 17 18 20 22 23 25 27 28 30 32 33 35
Time [sec]

O8 4 AVIAEERC FikeFREAHA RIZAE Fue-8Y
Fig. 4 The result of the Frequency response by substitution
condition of EES

¢ I8 404 71E 2RO RE7] SHo| thiet oAl glo]
R7IRAEEA7E 74 BLESS 236MW), T4 WEFukert
59.8THZZIA] &1&otal, £E7IE offst HA79 g &t
AB9 x5V sEggs £9d wel 4 WEFukert s
Sttt Bal, RUIAARR O] dH g1 sYsHA &5V SH
22¢s HO AL (ESS 236MW — gov 235MW)OIAl F4 e
Fal7} BASE Bt O =7 2849 28 g = &, ol
= A7IRFERZY WA79] 2&7)0] HIs] FafeFEAHI20)
oist 710 37 O f4517] HEQl 2oZ wrHEr},

42 WRGFR Y FuleFSAHIL G888 48

2 HolMs AREER FuREANAY 9E8YS U
W9 x47] 8 miEame Bl olg fagY Aew
ATSSIALL 01 s B =RolME HEAE0 et eA
FAS Ts) s BUs WINEEA 8Ye HuoR
Uot ReeFolN RESY K4E AEsEon 1 Ang @
OFsHE ThS H 29} 2Tk

1564

B 2 WREEA FueFREAHIAY RoleEd RE8Y
INEIR XS

Table 2 Calculation of Effective Factor of EES providing
primary frequency control service by load level

EES frequency response amount | Effective
Load capacity £ th —off- F
level [MW] of the governor-off-generator actor
) [MW] (B) B/A)
off -peak | o0 412 175
load
mid-loadl 236 421 1.78
mid-load2 236 450 191
mid-load3 236 463 1.96
peak load 236 612 2.59
0.020
0.015
0.010
0.006
0.005 0.003 0.003 ¢
= 0.000 O'(im L ®
E 0.000 o

off-peak load mid-loadl mid-load2 mid-load3 peak load
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Fig. 5 The result of substitution for primary frequency
control service of EES using Effective Factor
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