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Abstract Recently, the installation of energy storage systems (ESSs) has increased in parallel with the extension of
renewable energy resources. However, there has been no concrete analysis ofthe performance verification and
economic evaluation of ESSs,which makes it difficult to perform aneffective installation and operation of an ESS. In
particular, there are no international technical standards and guidelines on electric ESS for frequency regulation
applications. Therefore, acomprehensive study on the power quality, impact on grid, extent of contribution, and cost
benefit study of ESS are strongly being required. Under these backgrounds, this paper proposes a performance
verification algorithm on ESS for frequency regulation application based on ananalysis of the AGC(Automatic
Generation Control) performance verification method of PJM in USA. In addition,this paper proposes an economic
evaluation algorithm on a 500 MW installation of ESS for frequency regulation applications using the account
settlement of an expensive gas-fired generation plant and coal-fired power generation plant. From the simulation with
real ESS operation data and 500 MW installation case, it wasconfirmed that the ESS showssuperior performance toany
other conventional generators and provides anannual benefit of 500 MW ESS are between 345~429 billon won.
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Fig. 1. Performance verification algorithm of ESS for

frequency regulation
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* Source : §. Eichorn, Performance Based Regulation (PBR) Phase 1, PIM, June 2012.

Fig. 2. Dynamic characteristics of generator and ESS
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Fig. 3. Frequency regulation characteristics of ESS
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Table 2. Performance score of ESS for frequency Z U ARS8 7] wie] I BE AIRE
regulation & RA® AH o st PAFE YR o
o T omew o ) T GFRS] € BT EAR A Table 59
19:00 0.999998 1 0.929847 0.976615 2k
20:00 0.999997 1 0.906618 0.968872
21:00 0.999998 ! 0.928369 0976122 Table 3. Analysis results of 500MW ESS(SMP)
22:00 0.999997 1 0.906330 0976122 _ ESS
23:00 0.999998 1 0.929442 0.968776 Month (SWN(')P n/kP\r;;f) Capacity | Day | Hour | Benefit(Won)
24:00 1.00000 1 0.926378 0.976480 kW)
1:00 0.999997 1 0.925231 0.975458 January 76.27 500,000 | 31 | 24 | 28,372,440,000
2:00 0.999997 1 0.906126 0.976616 February 89.82 500,000 28 24 30,179,520,000
3:00 0.999998 1 0927162 0973112 March 97.21 500,000 | 31 | 24 | 36,162,120,000
4:00 0.999997 1 0.909206 0.972408 April 87.88 500,000 | 30 | 24 | 31,636,800,000
5:00 0.999998 1 0.926948 0.972994 May 83.06 500,000 | 31 | 24 | 30,898,320,000
6:00 0.999997 1 0.909060 0.970239 June 61.38 500,000 | 30 | 24 | 22,096,800,000
7:00 0.999998 1 0.928041 0974087 July 77.45 500,000 | 31 | 24 | 28,811,400,000
8:00 0.999998 1 0.926177 0.975391 August 56.25 00000 | 31 | 24 | 24.645.000.000
9:00 0999997 ! 0923485 0972052 September 67.19 500,000 | 30 | 24 | 24,188,400,000
10:00 0999997 ! 09113946 0972009 October 68.22 500,000 | 31 | 24 | 25,377,840,000
1100 0.99999%8 ! 0924897 0971427 November 67.89 500,000 | 30 | 24 | 24.440,400,000
12:00 0.999997 1 0913347 0.972647
300 0999998 X 0924530 0970028 December 81.21 500,000 | 31 | 24 | 30,210,120,000
14:00 0.999997 1 0.913885 0.978539 Total 365 337,019,160,000
15:00 0.999998 1 0.925187 0.975061
16:00 0.999997 1 0.913252 0.971083 Table 4. Analysis results of 500MW ESS(LNG)
17:00 0.999998 1 0.924648 0.974882 i ESS
Month LNG Price Capacity | Day | Hour Ll
(Wor/kWh) kW) (Won)
4.2 ZM387t 824 January 95.43 500,000 | 31 | 24 | 35,499,960,000
=l A ARNE AAA B WS o] &t F February | 10142 | 500,000 | 28 | 24 | 34,077,120,000
248 ESS9] &3 500MW =9l wE = s|A) March 106.9 500,000 | 31 | 24 | 39.766,800.000
o] HoS Aty AetslEgiA] Heg Akl April 98.58 500,000 | 30 | 24 | 35488,800,000
_?43]]’ SMP zg/}_}%, %g_ e} zé/}_ %’ LNG zé/}_}% x]_g_ = May 98.83 500,000 31 24 36,764,760,000
;ﬂ 2] 7{ ‘j/H ioﬂ }\1 Z}] }‘Hs_]' 201 415 ;ﬂ 2] }\] xo]_ T'O: Oé /é] ;ﬁl X]— =1 June 84.29 500,000 30 24 30,344,400,000
= gasl. s, ESS7} oW wdv]e] £AS 7k July 108.29 500,000 | 31 | 24 | 40,283,880,000
AF=A o 5 glon e, SMP AAETE LNGHHA] ¢ August 104.48 500,000 | 31 | 24 | 38,866,560,000
Ao A faie] 77re] Ak sheurarle] o Aol September | 90.49 500,000 | 30 | 24 | 32,576,400,000
= October 84.74 500,000 | 31 | 24 | 31,523,280,000
= Hgsklnh wA, sSMPAES VlEeR BAES November | 83.08 500,000 | 30 | 24 | 29.908,800,000
28k 2= Table. 33 7ol oF 3370919 7hde] 9 December | 96.2 500000 | 31 | 24 | 35786,400,000
Qo] AT & = ANATh Total 365 420,887,160,000
S, 17he] LNGEA7]9] £48 724170 79
disto] AAEE A% A Table 494 o] oF Table 5. Analysis results of GFR service benefit
42000191 Zhpe] Wolo] WATE FAANAT,. R, e | ORPe | ESS Gy | o
REAHI(AS) AAbol whE TS Atels) Siajel, e
Korea 2,708 300,000 7,116,624,000
GFR¥} AGCS| #ofrl&& A AT +844& 1 Us p 118.260,000,000
ate] 3:29] Hl &2 7435t GFR AR 29 A ¢, <
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Table 6. Analysis results of AGC service benefit

ESS Capacity
(kW)

200,000

Location | AGC Price(Won) Benefit(Won)

Korea 0.896 1,569,792,000
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200,000 22,260,705,882
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Categor CaEicSi Annual benefit AS Price Total benefit
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