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A g 1kWel AAW Fste v O, [D/kWlelx, A%

FA &Fe] 1kWh Eold W wth Frtshes W& (

/kWh]elBH19,22]. o] M &5 AHaw= A A 3 A2XA
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ESSe] F A % (State of Charge, SOC)= ESS o] o= HE9] oy
A7 AFEAY v Eo] Holde=A ol ek sid A dH o=
ESS &4 $83% Wolty, 87t etz ek ESSe A oY
A&%F X [kWh] = SOC Hujzez AAstd 713 A Aot} o
Wl ESS oy #]-& el thaf ko] Hdl= S 7Fs3k Bl & (Depth of
Discharge, DOD)¥ # % & & (Storage Efficiency) < 183 AT+ «
2 o] X @ ®Agth A8 ESSe DOD7F 90%°l™ adll 0.9
& Whdetal, AFEE ESS A&Rdo Fd 7hsd W97 10%~90% Y
A5 AR &E&7Fs3 SOCe W+ 80%ol2®E ol 085 W gt
ESSe #HA Agg%d Y kW] ESS7F F-3dd A8 Degg [kW]9

= o gkell ESS 7z} =dad  =d4d 3§ & (AC-DC Conversion

2

Efficiency) 5& 183 A$ B2 viyo Aast[21].
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A 24 AFxHA

1. A8+#E R ASFAY Ad=xx

D, (m.dh) = D, (m.d.h) + Dyes(m.d, ) 07
0 < D,(m,d,h), Dm,d,h) < D, . (2.8)
Dyes(m,d,h) = D, (m,d,h) — D, (m,d,h) (2.9)
D, (m,d,h) > 0, D, (m,d,h) >0 (2.10)
D, (m,d,h)-DdZ-S (m,d,h) =0 (2.11)

A @ne Dy(m,d,h)= 2viae A a2 Dy(m,d,h)el ESS

e Faskoln, A (28)x ESSE AR&o]Fo #AIRle]l A A F A

1A AlerdaE olge] AHEe awaA o xold, 4 (29)~

k>
T
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2. ESS %A %3 SOC Af=xA

H H

.[D,, (m.d,h)] =Dy, (m,d,h)] (2.12)
h=1 =1
SOC(m,d,24) = 0 (2.13)

SOC(m,d,h+1) =S0C(m,d,h) + DESS(m,d,h-I— 1) (2.14)

SOC(m,d,h) =0 (2.15)
D,(m,d,h) < max[D,(m,d,h)] (2.16)
Y< X<14Y (2.17)

r>~1
o
=2
ATy
R
rr

TOU 25A4= shFvid ¢&st= avdone 34 =
& 2ol BAE dert glom, 28 A ESSE oA &FT A4

A FAu gl FAksl Bk wekbA A 212AY S F FAY
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09:00~10:00 09:00~10:00 09:00~10:00
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17:00~23:00 17:00~23:00 20:00~22:00
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[£4.1] TOU AALHE egdzd A=
[¥9/1kW-1kWh]

M F[A/kWh] ez
TE =4 [E718d | A=Y | =%
@) | as3g) | (1209 | [El
AESH10A1Zh 56.1 56.1 63.1
S5 51 8AIZh 109.0 78.6 109.2 S|
Z|CH F5H6AZH 191.1 109.3 166.7 32991.6
o CHOEXE Z|Cf 2k 135.0 53.2 103.6
AEY HZ SHEY | 141403 | 235159 | 184438 =5
MPs 107.5 76.9 104.4 56100.0
MP 93.7
HEE x=H™H| g 7.6% 60.8% 21.9%
ZEsH(10A|1ZhH 51.8 220 49.3
S1t5 sk (8A1Zh 103.6 715 99.1
L Z|CH F5t6Al Zh 205.6 175.8 203.2
A 56149.0
) PN N [y 153.8 153.8 153.9
AEE HLH 14149.6 | 235314 | 18468.0
MPs 107.5 76.9 104.4
MP 93.7
AEE =HU|E 306% | 30.6% 30.6%
551041 Zh 38.9 38.9 43.8
S5 @8AIZhH 86.7 75.0 95.2
A | ZIEFskeAlZh 249.6 142.7 217.7 S61338
B CHIERE Z[CHEE 210.7 103.8 173.9
AZRE Ha 19384.4 | 15881.4 | 20868.0
MPs 107.5 76.9 104.4
MP 93.7
F2) A LFEUE 019992 AREE I glof, AEH S-S 0019 A
A 5 owre
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[£4.2] TOU HABe zAH Lo w2 w7 2 Azt

[¥/1kW-1kWh]

M F[H/kWh] ez
TE =8 [gsted| AsE | g
92%) | (53%) | (20%) [
AESH(10AZhH 56.1 56.1 63.1
St 518AIZhH 109.0 78.6 109.2
odd | Z|CHSskeAlZh 191.1 109.3 166.7 32991.6
EA PN EESTE A 135.0 53.2 103.6
MPs 107.5 76.9 104.4
AESH10AIZhH 50.5 50.5 56.8
S S{t5ol(8Al7h 101.9 77.4 104.8
%f/; X|CiELSk6AIZH) | 2103 120.2 1833 | 405457
PN JESTE [ 159.8 69.7 126.5
AEYE "4 14701.6 | 10664.1 | 15180.8
AESH10A|ZhH 44.9 44.9 50.5
oy | SUEOHEAIZH 94.5 76.3 100.2
;Oj/; Z|CH £ 5H6A ZH 229.3 131.1 2000 | 48093.4
CEZFXE [ CH 2k 184.4 86.2 149.5
AEE o 16964.8 | 13188.6 | 17940.0
A8st10A1Zh 39.3 39.3 44.1
oy | SUTBHEAIZH 87.1 75.0 95.6
;()CZ x| BHEAIZE) | 2484 142.1 2167 | 55677.6
CEZFRE Z|CH 2) 209.1 102.8 172.6
AEE HLH 19237.2 | 157284 | 20712.0
AESH10A|ZhH 33.7 33.7 37.9
ey | STHEBHBAIZH 79.8 73.9 90.8
:05/: Z|CH £ 5t 6A1ZhH 267.5 153.0 2334 | 632225
PN EETE A 233.8 119.3 195.5
HEE HH 21509.6 | 18252.9 | 23460.0
F3) BNk, AdFa @drkE TOU =gu&wbad 7hikstol 44 +
MPs, MPE FAA7 & o2 FHEs &7 A4
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[¥4.3] TOU 7§4Be] 2AH &0 @& e=5d47Y 4=
[¥/1kW-1kWh]

x4 7}oH
XIPUO Rn =T = EEE.OH
ZRUE | ozw | mrem | Asm | az
5% 13,557 9,405 13,811 36,773
10% 14,694 10,670 15,190 40,554
15% 15,831 11,936 16,568 44,335
20% 16,968 13,201 17,947 48,117
25% 18,106 14,466 19,326 51,898
30% 19,243 15,731 20,705 55,679 56,100
30.6% 19,384 15,881 20,868 56,133
35% 20,380 16,997 22,084 59,460
40% 21,517 18,262 23,462 63,241
45% 22,654 19,527 24,841 67,023
50% 23,791 20,793 26,220 70,804
(] NOEE nE7EE A2E
70000
60000 + R 8 56100
% B
50000 r. .
S — I o
40000 - 17948 T
s1of 165
30000 | 1381 1 1
1
20000
10000 ", 1 1 1 2 2
0 1 1 1 T T T T 1 1 1

5% 10%  15%  20%  25%  30%  35%  40%  45%  50% [XRE)

[Z2784.1] TOU 7/44Be =Av| & & a2 [9/1kW-1kWh]
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o ESSS| M BHe| WgsA @trvh wd, BrFSA HAA G
Ao Abgiabel AT u ol sl AU A sebAE A S
we oA Agde] FEdsiet Aad Addsite Bobenn
w0l Hze agdA AAsH Wi LFAAL Hol AMMUAE

TOU 828 AHste Ae APsA go} naln,

A TOU f=°lA 30.6%°1% @7HE =4dehd deHas Ada
o] Zxw el mestAtHE41-431[194.1]. [F4.4]1¢F Zo] 7t
Bo 229 7tE AMAsta, 7 AdE Wi d14728)8 AHE ol H
& A&kl GAMSE HH3 &3y, Abdl EX1¢] ESS HH&F2
8.4AMW-50.0MWhe] L, ofmj ESSe] Axbd Fwx de o] 4=5 3l
1 H4.2][3%4.6].

[%4.4] 7/} " TOU 8%

| Jmea YR I [F/kWh]

TE @AW | Az Ed | 27e® | #A=#H
- (6E~8F) | 359108 | (11¥~28)

oA B} 38.9 38.9 438

2| B 8,320 SHESH 86.7 75.0 95.2

AL x| CH 23} 2496 1427 217.7
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Abstract

Optimization of Consumer's ESS
and Improvement of TOU Pricing

for Demand Management

Keon Ho Park
Department of Engineering Practice
Graduate School of Engineering Practice

Seoul National University

Time of use(TOU) pricing, which is applied by domestic and
overseas electric power sales companies(utilities), is a tariff that
applies two or three step rates for each season and hour according to
usage. This 1s to induce the end-use consumers to change the load
pattern in the direction intended by imposing an expensive charge at
a high usage time and an inexpensive electric charge at a low usage
time. These load pattern inducing activities of utilities are called

“Demand Management(DM)”.
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The ultimate goal of the consumer is to minimize the electricity bill
while fully utilizing the required power. When the TOU pricing i1s
implemented by power companies, the consumer reacts by Demand
Response(DR) like load shift and peak shaving. The use of an
Energy Storage System(ESS), which stores electric energy at a time
when the electricity rate is low and discharges it at a necessary time,

can be a good strategy.

When the consumer uses the ESS, a consumer can reduce
electricity bills and electric utilities can gain a sustainable demand
management effect. However, the high investment cost of ESS is a
stumbling block for consumers to universally utilize ESS. Therefore,
the detailed study is required for the ESS utilization of demand-side
under TOU pricing to secure the economical benefit of consumer and

demand management effect of utility.

In this paper, the factors influencing the ESS investment cost and
the electricity price of the consumer are analyzed, and the objective
function and constraints with MINLP (Mixed Integer Nonlinear
Programming) model are optimized. These functions calculate not only
the optimum capacity of the ESS to fit on the load patterns of
individual consumers, but also each hourly charging or discharging
schedule for each day, each season. After these equations are
implemented in GAMS program, simulations were performed by

applying actual demand data of consumers.

However, as a result of simulations, the current unit price of TOU
pricing applied in Korea cannot provide enough benefits for
consumers to utilize an ESS. Therefore, to overcome this limitation,

this paper proposes a method to improve the unit price of TOU, and
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simulates for various load pattern consumers by applying the
improved TOU unit price. As a result, the improved TOU pricing
has proven that the ESS utilization of demand-side is beneficial to
the consumer and provides sustainable demand management effect to

power companies.

Keywords : Demand Management(DM), Time of Use(TOU),
Energy Storage System(ESS), sizing, GAMS,

Operational Optimization

Student Number : 2017-26123
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