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Scheme Using ESS for Reducing Electricity Tariff
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Abstract

This paper proposes a particle swarm optimization (PSO)-based peak shaving scheme using energy storage system
(ESS) for electricity tariff reduction. The proposed scheme compares the actual load with the estimated load consumption,
calculates the additional output power that the ESS needs to discharge additionally to reduce peak load, and adds the
input. In addition, in order to compensate for the additional power, the process of allocating power to the determined point
is performed, and an optimization that minimizes the average of the load expected at the active power allocations using
PSO so that the allocated value does not affect the peak load. To investigated the performance of the proposed scheme,
case study of small and large load prediction errors was conducted by reflecting actual load data and load prediction
algorithm. As a result, when the proposed scheme is performed with the ESS charge and discharge control to reduce
electricity tariff, even when the load prediction error is large, the peak load is successfully reduced, and the peak load
reduction effect of 17.8% and electricity tariff reduction effect of 6.02% is shown.

2 o

e
o
2

= A7| 87 A7HE ESSE &-8-3) Particle swarm optimization(PSO) 7|8+ Peak shaving Alo] WS A|eksit}.
2 = sl AuE vaste] 93 7S 918l ESS9] F7F FEdEis Atel 9= o
| 9180, adds adgsie 34 sk fFade X7k 53 Bl

r?L‘ rH«
%
1>

32 wgln

o 2 oX of o 2
fol

o % of of 1170

af Az makel 6.02%¢] A7 e Azt

Key words : Peak shaving, Electricity tariff saving, particle swarm optimization, energy storage system, peak load
reduction

* Dept. of Computer Engineering, Korea University of Technology and Education

#*% Dept. of Electrical Engineering, Korea Institute of Energy Research

* Corresponding author

E-malil : jongbok.beak@kier.re.kr, Tel : +82-42-80-3575

% Acknowledgment

This work was conducted under framework of the research and development program of the Korea institute of energy
research (C1-2420) and Korea Institute of Energy Technology Evaluation and Planning (KETEP) and the Ministry of
Trade, Industry &Energy (MOTIE) of the Republic of Korea. (No. 20172410104720)

Manuscript received May. 17, 2021; revised Jun, 23, 2021; accepted Jun. 23, 2021.

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by—nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

(388)



156 j.inst.Korean.electr.electron.eng.Vol.25,No.2,388 ~398 june 2021

. ME

H fEveke] A ARg o] e st
o}, Ayt 20189 89l = °F 50 GWhe] A% 2
AlE B ATHIL ol A", fevete] A ARgFol
<74 Al 87 F9] v A Rekk St
a ok 53] o5 d §4% 9o Qg oo
A ALg soz A8 AbgFol 543 S7kskar 3
om Fad= oAk SRl utek HdjRsk Al
ool Aol wAsta k. ofo whe, 7]
FRs 7 FadE AFES wolal FE7F F
o A Peak shavings §% ¥ = F3} A3t Weto]
A&H oz A4 a v2-5]

TEMANAME A7 F A7 23 E 3 Energy
storage system(ESS)E AF-8-3tal vt 53], 2020
d 7bA] ESS BiEs %017] % E A
A4 o SEEaaAd wet FE&IFSol A AL
sl ESS9 7F A =k o8 d ESS Bu
of w0 87} FolA ESSE &3t Bl
ofFgAlelde A&t vk 19 1S 787 =
o] thekek ESS o Eg Aol dAlE HolFErH6]

ESSE €83 d7lew 47 a3 ditdo=
A7kt A}R-(Time-of-Use, TOU) &5 Walo] uw}
2} ARt A SAI HojRe A s

<l
9

o

E3k A A 2 AR Av|es A7 §9E B
o7l w3, Arled A EHE o)k

7] 2

8 A7lew Has 5HdTE 5 HA Aol W
HE A8au8-101. ¢ WHe Zasat A9
S7s Hnd sEs 5HATE A9l ESS
&%, SOC frA 5o Alekxxs F3l 72 4
I sl A AdE I AVeT HnsE
T ookl Feh dSghs 9o v we
B S AE e Fatel M 9] WA
&8 ds dvlas Az #rt ohye} v ARsl
R R i A R e |
a7t A4S drlewe 29 dAT 9

W8 ae ¥2 o> S M & 2 o oY 0 of @
d

(o

G FE FAG B Ao AR

2 FA3te] 919 A4S WA= Peak shaving
Aoy7} e ofof gk,
B Rt d71aF Aue ESSE BE@

Particle swarm optimization(PSO) 7|4} Peak shaving

HES AQbg) Atk WA ESSe] F -

WA Aol 8 Fol ESSe 2HSY % SOCE
_(H

kW Fske] vAaE
HRATIE A HHOE G olE @A) 9
af Ak Gae] e Al wapel oG Fet
o &S vlaste] vA Azhs 98] ESS7F F71
2 gAsopshs 7 fFrEdHESS AMet §
H& gtk B9 FUtE SR fFEAdEE B
Fak7) s, fFrEAHS A4 AHAA DIt
T S A ol fEAH AV 9A
Fotell 9FE T4 d=s PSOE T Ao &
FAE A ARG WAL A HeE Sl
A 5ot dlelE o} Fet oS dueHE whge
of F3b o o7t A& Aot oS eart
B350 Abdl ATE ST B, 1d1 9
WA A maeh AV wEE 29 58 Fld
of Agke WA Aee ATk At AT
T A A HAE dVlew Ads A9
ESS & - %A Alo] ¥A ) o] 3 45 Fa)
A A 2 AgelE deHor vaist 4
e FAson, Aol 17.8%9] 2 Fet A3k

Power
measuering

Utility Electric | 4|l
! metering H
v

Demandresponse | [ TOU tariff saving

|
fRmarket | [ Peakshaving |
|
|

Protection ‘ | Data storing

[

[

| Scheduling H Monitoring
[

Energy management system

Fig. 1. Various applications for ESS in customer.
a8 1. 87t 9| cfkst ESS ofZ2|7H0lM



Particle Swarm Optimization-Based Peak Shaving Scheme Using ESS for Reducing Electricity Tariff 157

Of

i

4
o
N
3
=
2
s
B
N

AAE Q5 A

it

&
2 2
o
4

-11{1]-“‘
o
a2

o -
2o R

el

o rir
aj
N

> e 8

rie oo
i3
2
N o
i)
Bt

ol
£
N

— ol

)
)
ko
o ol

Lo Ao 1o rlr
ot ‘
i b
2
fu

o M2

oL 2 my b K
KT ol
p‘L

oN &

2
o
2
>
oL
Ev)

1. A-E/AAE 2 5A

.
k)

EU-

o,

H

bolr by ot

)
S

N
~
>~

d
E

o o S
> M oy o 9
= ooy

2,

rE Q
e

=

AC)

it

A

o]

!

—

ok

£

(1
oo

ol g
2

o Ho

-

~ T
o
=
lo
fo =L o

N
2
2
N

it
NBe
TE‘EEW‘th

3
poh 30
s
o)
wm
wm

o b 30 b

+
o

Ol
N
- i
1 ol
( ol
-~ -

lo e o

A L L - o

Hofo o2 &

Table 1. Electricity tariff table for general tariff (A) I1.

E O LERETHEI) 9 HY|

O 11z
S Oar

Demand Energy Charge(won/kWh)

Options Charge )
(won/kW) | Use time

Summer

Spring/
Fall

Winter

Off-peak

62.7

62.7

1.4

Op?"“ 7170 | Part-peak

1139

70.1

101.8

Peak

136.4

814

116.6

Off-peak

574

574

66.1

Option

I 8,230 Part-peak

108.6

64.8

96.5

Peak

131.1

76.1

111.3

Table 2. use-time of season.

T2 AEYE AZHE FER

Season

; Summer
Use time

Spring/Fall

Winter

Off-peak 23:00~09:00

23:00~09:00 | 23

:00~09:00

09:00~10:00
Park—peak 12:00~13:00
17:00~23:00

09:00~10:00 | 09
12:00~13:00 | 12
17:00~23:00 | 20

:00~10:00
:00~17:00
:00~22:00

10:00~12:00

Peak 13:00~17:00

10:00~12:00
13:00~17:00

10
17
22

:00~12:00
:00~20:00
:00~23:00
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Table 3. Load characteristics, tariff, and ESS information.

¥ 3 ARS EMI eF % ESS 2% yE
. Peak load Battery[kWh]
Tariff type (W] Households /PCSIKVA]
Ge“f/f;l it 504.7 2010 250/100

Table 4. Initial setting information for case studies.
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Fig. 5. Results for Case 1 (Winter data / Feb. 2019).
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Particle Swarm Optimization-Based Peak Shaving Scheme Using ESS for Reducing Electricity Tariff
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Fig. 7. Results for annual maximum load.
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