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Estimation of Reasonable Price of Battery Energy Storage System for
Electricity Customers Demand Management
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(Seul-Ki Kim - Kyeong-Hee Cho * Jong-Yul Kim - Eung-Sang Kim)

Abstract - The paper estimated the reasonable market price of lead-acid battery energy storage system (BESS)
intended for demand management of electricity customers. As time-of-use (TOU) tariffs have extended to a larger
number of customers and gaps in the peak and off-peak rates have gradually risen, deployment of BESS has been
highly needed. However, immature engineering techniques, lack of field experiences and high initial investment cost have
been barriers to opening up ESS markets. This paper assessed electricity cost that BESS operation could save for
customers and, based on the possible cost savings, estimated reasonable prices at which BESSs could become a more
prospective option for demand management of customers. Battery scheduling was optimized to maximize the electricity
cost savings that BESS would possibly achieve under TOU tariffs conditions. Basic economic factors such as payback
period and return on investment were calculated to determine reasonable market prices. Actual load data of 12 industrial

customers were used for case studies.

Key Words :
tariffs, Electricity cost savings
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Table 2 Basic information of studied customers

ol | AFEF | Anwa | A Ar8d
A 3,350kW 2,090kW 842,389
B 3000kW | 2054kW 799,974 91
C 3,350k W 2,060kW 832,205 ¢
D 3,000k W 1,631kW 794,565%1
E 3,350kW 2,214kW 817,779
F 3,500kW 2,149kW 783,22274
G 3,500k W 1,709kW 6583,48371
H 3,2500kW 2,673kW 1,024,106 €
I 3,100kW 1,729kW 724,305%1
J 3,250kW 1,786kW 894,927
K 3,750kW 2,421kW 1,042,578%1 €
L 4000kW | 1,936kW 837414314

E  3MII23F (Y82 1Y A ME )

Table 3 TOU tariff schedule for Industry customers (high
voltage A and Option )

e HEga [%/kWh]
a7 gga | 2R ea
taawl | TN gsay | BT o)
: 9~10%)
A%at | 538 538 60
8050 | Z7rat | 1069 771 105.1
A3 | 1872 107.1 1603
E 4 ZASe 5256 2 AEet 23 Mg A2

Table 4 Time zones for off-peak, mid-peak and peak load

| AER Bl %2
(7.84) (3~64, 9~10%) (11~29)
Aot | 23-09 23~09 23~ 09
09~11 09~11 09~10
FaRe | 12~13 12~13 12~17
17~23 17~23 20~22
1~12 11~12 10~12
2 )25 17~20
13~17 13~17 293
a9 5 6 2 72 15709 Wi &njRE B4 AMgE F
SRAE Fol 4uA Col g9 Rama dolHzA, 7
7o 2R BE RaAd, MY FHY Fwelaa
293 oY Aorete ¥aRas v
4.2. BESS ¥ 7|E} mizjo|H
BESS A4 4 &332 vz FEaidd, Fx4] A<k, A
#ay s wet oYdst Aoz AATE 4 Qv dA
AFoltd HFAgolAd M ALY AEFssEo e Fu&
o] ZwA PCS &%Fo] 100kW, 250kW, 500kWe] wH¢] &
FAEE Ay, S3Un]) A8 895 g 23} 543k
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Fig. 6 holiday average load curves (customer C)
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Fig. 7 Peak-day average load curves (customer C)
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Table 5 lead-acid battery charging/discharging efficiency

A& ()d A7 =&
10 0.1C 1.0
5 0.2C 0.888
3 0.333C 0.782
1C 0.578
05 2C 0.444
o A7lew S HAZ 5dR VIR wd dEgFes o
4E 1#[10] (& 6)
o & 55%E 74 [14]

k! 6 z2 5UZt MIlea AME

(=]

Table 6 Recent 5 years growth rate of electricity prices

e Aegad A
£+ | o5 | A% | BME | 32T
2 54
B ol are 7.34% 7.55% 11.1% 6.39% 8.49%
B UyE

43. 2H|XH Moz HAA

A7)eF Aol JRag Azl e A7
o urolAn, 29 2, 3 % 4ol wel wa} 7 2z
o] BESS AR&AIwd RFAAS s, ofF FAA
E: 7 A2 QFEZM (&H|X} C)

Table 7 Yearly cost savings for customer C
@Aztst A Aztst &
aepeas T w bwasl TUF 5
AR | g | AR Ame | T | e

1 25,853 | 25,035 | 50,888 | 26,294 | 25,747 | 52,041

2 25,337 | 23,848 | 49,185 | 26,208 | 25224 | 51,432

3 24,787 | 23,226 | 48,013 | 26,078 | 25264 | 51,342

4 24,227 | 22,430 | 46,657 | 25,923 | 25,092 | 51,015

5 23,678 | 21,187 | 44,865 | 25,768 | 24,375 | 50,143

6 23,030 | 20,368 | 43,398 | 25,490 | 24,099 | 49,590

7 22,536 | 19,668 | 42,203 | 25,369 | 23,933 | 49,302

8 21,921 | 18,625 | 40,546 | 25,098 | 23,309 | 48,406

9 21,426 | 17,773 | 39,199 | 24,950 | 22,875 | 47,825

10 | 20,844 | 16,860 | 37,704 | 24,687 | 22,316 | 47,003
HA | 233,639 | 209,019 | 442,658 | 255,866 | 242,234 | 498,100

el
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Table 8 Accumulated electricity cost savings for studied
customers

250kW/1,250kWh
Ae
S AA |7
S

q
s

ol
oH

500k W/2,500kWh
=

4
= 7k ol
298,026 | 243,685 | 541,712 | 450,446 | 472,832 | 923,328
263,627 | 243,208 | 506,835 | 374,296 | 462,268 | 836,564
255,366 | 242,234 | 498,100 | 382,274 | 463,510 | 845,783
249,658 | 236,415 | 486,072 | 364,904 | 440,702 | 805,607
263,741 | 241,650 | 505,391 | 395,456 | 458,451 | 853,907
293,250 | 243,648 | 536,898 | 453,924 | 454,271 | 908,195
295,224 | 242,104 | 537,328 | 421,377 | 465,116 | 886,493
288,222 | 243,465 | 531,687 | 426,234 | 473,134 | 899,368
277,124 | 243,845 | 520,969 | 392,341 | 460,439 | 852,780
275,590 | 239,404 | 514,994 | 372,106 | 435,155 | 807,262
244,028 | 242,675 | 486,703 | 383,675 | 478,272 | 861,947
278,421 | 243,405 | 521,826 | 435,276 | 462,465 | 897,741
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Fig. 8 Annual peaks and accumulated cost savings for

studied customers
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Fig. 9 Annual electricity costs and accumulated cost savings
for studied customers

4.4. MEIHH L4F

B2 3ta, FHARY] AT 28 U5 FE o]
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20139 594 A AT Ardes FEe Ad 26~
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0

2, B AAdTAAE A 4
o9E 3% Az &

&tk o] 2HE % 89
Aol M 2 (4)et *1<5w }ﬁé}o% 2Rz &% 1 R &
F 2ol A A4S Abgskd & 99 2o whebM
232 BESS7F AA A=A #ACM AdE 2] 9
A ZHl A7 Fsfor B AdH|H]8- 250kW/1,250kW A]
2512 361 ~4039vkel, Z1e]an 500kW/2,500kWh Al 2~ ¥l
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E: 9 &H|AYH BESS MFItA M Zn

Table 9 Reasonable prices of BESS for studied customers

) LZSOkW/1,250kW}} _ L5OOkW/2,5OOkWh _
| T Laana T A [y [0
Azl 12| Azl EARd:
A | 541,712 | 403,084 | 7.41 | 923,328 | 687,043 | 7.34
B | 506,835 | 377,133 | 7.32 | 836,564 | 622,482 | 7.35
C | 498,100 | 370,633 | 7.33 | 845,783 | 629,342 | 7.34
D | 486,072 | 361,684 | 7.33 | 805,607 | 599,447 | 7.33
E | 505,391 | 376,059 | 7.33 | 853,907 | 635,387 | 7.33
F | 536,898 | 399,502 | 7.37 | 908,195 | 675,782 | 7.34
G | 537,328 | 399,822 | 7.39 | 886,493 | 659,634 | 7.34
H | 531,687 | 395625 | 7.34 | 899,368 | 669,214 | 7.33
I | 520,969 | 387,649 | 7.33 | 852,780 | 634,549 | 7.36
J | 514,994 | 383,204 | 7.37 | 807,262 | 600,678 | 7.37
K | 486,703 | 362,153 | 7.27 | 861,947 | 641,370 | 7.32
L | 521,826 | 388,287 | 7.30 | 897,741 | 668,004 | 7.32
el w14,
5.4 B

B =2oAE AAE auA, Luake] Faabgdd, A
71aw HMEE T @A AHAYd FACAAM Fadds
BESS®] AFREE A A4 AnuE 2nAe] #ode

aueste]l AAsAT. A=Y nE&Fo] aFEH= dY AN
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