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

The Transactions of the Korean Institute of Electrical Engineers Vol. 63, No. 1, pp. 27~34, 2014

http://dx.doi.org/10.5370/KIEE.2014.63.1.027

DAMET WHA DES5 MU ESS 8Y AN U MY 24

Sizing and Economic Analysis of Battery Energy Storage System for
Peak Shaving of High—Speed Railway Substations
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(Seul-Ki Kim -+ Jong-Yul Kim - Kyeong-Hee Cho - Gil-Sung Byun)

Abstract — The paper proposed a sizing method of an energy storage system(ESS) for peak shaving of high-speed
railway substations based on load profile patterns of substations. A lithium based battery ESS was selected since it can
produce high-power at high speed that peak shaving requires, and also takes up a relatively smaller space for
installation. Adequate size of the ESS, minimum capacity which can technically meet a peak shaving target, was
determined by collectively considering load patterns of a target substation, characteristics of the ESS to be installed, and
optimal scheduling of the ESS. In case study, a local substation was considered to demonstrate the proposed sizing
method. Also economic analysis with the determined size of ESS was performed to calculate electricity cost savings of
the peak shaving ESS, and to offer pay-back period and return on investment.

Key Words : Energy storage system, Demand management, Optimal scheduling, Peak shaving, Battery sizing
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Fig. 1 Load curve of annual peak day of high speed
railway substation
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Fig. 2 ESS rating design process
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Fig. 3 ESS sizing process
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Fig. 4 Daily scheduling model of peak-cut ESS
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Table 1 Information on Ulsan high speed railway substation
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Table 2 Annual base capacity for sizing ESS

A& Hul+ & A4 =R

(] [MW] [MW] [MWh]

2010 25.2 6.0 3.0

2011 28.3 6.0 35

2012 25.8 6.0 3.0
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Fig. 5 Peak cut simulation result (BMW/3MWh ESS, year
2010)
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Fig. 6 Power output and SOC (BMW/3MWh ESS, vyear
2010)
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Fig. 7 Peak cut simulation result (BMW/3.5MWh ESS, year
2011)
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Fig. 8 Power output and SOC (BMW/3MWh ESS, vyear
2011)
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Fig. 9 Peak cut simulation result (BMW/3.5MWh ESS, year
2012)
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Fig. 10 Power output and SOC (BMW/3.5MWh ESS, year
2012)

H 3dz7 HolEHE 7Fo® sl Sabidie] HuR

6 [e)
se 200 Adetr] 9% dEAL A4 ESSS A4 e
AR ARE AEsH ® 33 2, B & 6MW/35MWh

H® 3 SiHEL I3 NAR ESS HEEY oy ZH

S o U

Table 3 Ulsan substation ESS sizing results

ESS AA&F(ZAZH/AA &)

2010 2011d 2012 234
6MW/ 6MW/ 6MW/ 6MW/
3SMWh 3.5MWh 3.5MWh 3.5MWh

3ol At 24t
6MW/35MWhell o 3}
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Fig. 11 Economic analysis process
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ESS % 8el &% FANF/ P 2 49T FAFYE
RE 4 g elgatel ANT 5 Atk
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42 T IAXNZ-E ESS EHY &4

BAA A AMEH A9 detvlEle g.okstd v
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o Hatlo)E: AFHAL 2012 FEulolE(AZE A
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e PCS 58 FE8& 722 B%E 714
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Table 4 Battery efficiency per discharging current

A 75 PR &
5 0.2C 100%
1 1.0C 99%
0.2 5.2C 98%
0.1 10.0C 95%
A Cycle 74 WH4A%E 70%=2 3,0008 9 Al =

71859 80% =2 A [7]
ESS Ap&<igh 206 7HA (H 2 39dzF WA H3hdo
HE 2 v Jaxggezs A7k 50-1008) F=o 9
Aol e, B =gdas HAAEE 50%2 483
22 AANE AA cycle & TASIE 20 o)A AFE7F
5T FE Jdoy oy dHAE VEeR T AeoH, ¥
A e AEALD ESSY 7legFdA 208 A
A Apgdgoen ¥ AFS T AsE dHelgrt
A7) Wi vhE2A 2eE 227 )
e ESS 7}§ &% g Al="e SOCY 40% ~90%°l
A 7H
o ZIEST Q& 20139 Ve BA bz 7R
87 AE 73%E A4 [6]

o TS 55%% 714 [8]

ESS AlA4H]: 6MW/35MWh ESS FA}H| &= 3% 59} o]
AR om, AR Aol FAE UA ¥ FHAR
i #el gt AHEFAIY AAddrt stol=gelyt A
o FFS wrgste] A9l Vx=FA T
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Table 5 ESS component unit price

5]

StE gy |:|_|-7|.

gEo] e Aoz s1Ash

] H &
5 @ 7t & = (3 911
Battery | 1,000,000[ ¥/MWh] | 35MWh | 3,500,000
PCS 230,000[H ¥/MW] 6MW 1,380,000
EMS (Battery+PCS) g 7}+1 - 488,000

0%[H 4]

3 A 5,368,000

¥ 62 ESS AMEAEE Az Hoj sl Alskgia ofol u}
S Az 7Eew Az, i olE dvkshek dz A
He HolFEr o] %o RE HUE AT red A=
£ 19892kW= ¥ aAd EF 20%] slgdEE 20,644kWE
Fws] gAVFEETE ek X o] AbgAgte] wel 7FE&
o]l 2T Fo]EERE ESS & Fo Az ¥z mid
ze4 Asds & 5 Utk
E: 6 AFSAAtY A7t J2eF T

Table 6 Annual base charge savings

ESS A8 ¥ | i es | ke
Nl I Agpe) Agpe)
A < Ade
(W] @s 1) | (@te 5
1 19,892 576,034 576,034
2 19,893 575,936 585,965
3 19,893 575,936 596,168
4 19,894 575,839 606,446
5 19,895 575,741 616,901
6 19,896 575,644 627,537
7 19,897 575,547 638,355
3 19,897 575,547 649,471
9 19,898 575,449 660,668
10 19,899 575,352 672,058
11 19,901 575,157 683,528
12 19,902 575,059 695,312
13 19,903 574,962 707,300
14 19,904 574,865 719,494
15 19,906 574,670 731,774
16 19,907 574,572 744,389
17 19,909 574,378 757,094
18 19,911 574,183 770,016
19 19,913 573,988 783,158
20 19,915 573,793 796,524
A 11,502,649 13,618,189
£ 7¢ AhsE A0 Avas dged BE radg
At 4408 ehiTh E 8S % 5 % 6, & 79 2
Beny gdela A4 B4 AnE 9ok AowA, $4



M Ao 6MW/3.5MWhe 3378 ESSE AA S 74
S, FARL FgEE 717k Ax 5k 87dolH, o] %
20 0] w&= AlF7FA S FA e 8,250,189 Ao 2 209
7 AA FARSELS 153.7%0lH, olE 203t A Hit
476%° FAFdEel al g et
x 7 ALY =X 9
Table 7 Accumulated profits by operation year
A}&- R R4l FAALA 3 9
Ax [ 4] [ 4] [(H]
1 576,034 576,034 -4,791,966
2 585,965 1,161,998 -4,206,002
3 596,168 1,758,166 -3,609,834
4 606,446 2,364,612 -3,003,388
5 616,901 2,981,513 -2,386,487
6 627,537 3,609,049 -1,758,951
7 638,355 4,247,405 -1,120,595
8 649,471 4,896,875 -471,125
9 660,668 5,557,543 189,543
10 672,058 6,229,601 861,601
11 683,528 6,913,129 1,545,129
12 695,312 7,608,442 2,240,442
13 707,300 8,315,741 2,947,741
14 719,494 9,035,235 3,667,235
15 731,774 9,767,008 4,399,008
16 744,389 10,511,398 5,143,398
17 757,094 11,268,492 5,900,492
18 770,016 12,038,507 6,670,507
19 783,158 12,821,665 7,453,665
20 796,524 13,618,189 8,250,189
x 8 IIMZE ESS AMA "It Zat
Table 8 Economic analysis result for peak-cut ESS
3 & A 3
Al 1§ [H4] 5,368,000
2047 FAEA [HY] 13,618,189
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