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An Analysis of Optimal Operation Strategy
of ESS to Minimize Electricity Charge Using Octave
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Department of Electrical Engineering, Hoseo University
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Abstract Reductions of the electricity charge are achieved by demand management of the load. The demand
management method of the load using ESS involves peak shifting, which shifts from a high demand time to low
demand time. By shifting the load, the peak load can be lowered and the energy charge can be saved. Electricity
charges consist of the energy charge and the basic charge per contracted capacity. The energy charge and peak load
are minimized by Linear Programming (LP) and Quadratic Programming (QP), respectively. On the other hand, each
optimization method has its advantages and disadvantages. First, the LP cannot separate the efficiency of the ESS.
To solve these problems, the charge and discharge efficiency of the ESS was separated by Mixed Integer Linear
Programming (MILP). Nevertheless, both methods have the disadvantages that they must assume the reduction ratio
of peak load. Therefore, QP was used to solve this problem. The next step was to optimize the formula combination
of QP and LP to minimize the electricity charge. On the other hand, these two methods have disadvantages in that
the charge and discharge efficiency of the ESS cannot be separated. This paper proposes an optimization method
according to the situation by analyzing quantitatively the advantages and disadvantages of each optimization method.
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Fig. 1. Power usage according to time zone cost

before and after ESS installation in "3.1.1".
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Fig. 2. The charge/discharge amount of ESS
in "3.1.1¢
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Fig. 3. Power usage according to time zone cost before
and after ESS installation in "3.2". (eff=100%)
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Fig. 4. Power usage according to time zone cost
before and after ESS installation in "3.1.2".
(eff=100%)
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Fig. 5. Power usage according to time zone cost before
and after ESS installation in "Case 2". (eff™"
=90%eff"* =70%)
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Fig. 6. The charge/discharge amount of ESS and SoC
in "3.1.2". (eff""=90%. eeff"* =70%)

Hla) ESSOl 5, Wl FHE L}E}IH
58~69 -7l A 2kl AL B¢l
SoCell F&S F7] wiel 1 7]27]

ke WA
T 5ol

A Z}OV} Btk

3.2 z[cH 2ste| EHof 2l 712232 A
N

Aol Tk Fol7] 913l A (1) -9 gk 24

sPb A=A A= Fig99 Fig.100] WERASITH

Fig.99] 'a"'e] Ho) AL 1024.32 [kKW]Ol1L 'd"' + ESS
o] oA 907.68 [kW]olth wheha] HejL 1]
A uo oF 15% B

A
rir
r&

Al A4 4 L 7R 917
%, B BES 100%2 Tdsita 7Pgatsict

89

Fig. 7. Power usage according to time zone cost
before and after ESS installation in "3.2".
(eff=80%)
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Fig. 8. Power usage according to time zone cos

before and after ESS installation in "3.1.2"
(eff=80%)
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Table 1. Industrial electricity charge for 1 week [$].
ith ESS inati
without with ESS using MILP (3.1.2] with ESS CO?‘I[’;nf‘tl‘;’n
ESS using LP using QP 0 d '3'2
a B.11] err=t00% | CHT=0%, eff=80% 2] e b
& cff=70% ' 13.3]
basic 6109.5 6109.5 6109.5 6109.5 6109.5 5173.7 5029.3
energy 48389.2 43982.1 43982.1 45417.9 46327.8 46368.7 46280.7
total 54498.7 50091.7 50091.7 51527.4 52437.3 51542.4 51310.0
[total - (1)] 4407.0 4407.0 2971.3 2061.4 2021.3 2109.4
Table 2. Electricity charge reduction rate[%].
with ESS P~
" with ESS using MILP [3.1.2] with ESS Cglfnl[’;nf‘tl‘;’n
without using LP using QP o
ESS .y of =00 3 and [3.2]
(3.1.1] eff=100% eF=T0% eff=80% [3:2] (33]
max 100.00 0.00 0.00 0.00 0.00 -15.32 -17.68
basic 100.00 0.00 0.00 0.00 0.00 -15.32 -17.68
energy 100.00 -9.11 -9.11 -6.14 -4.26 -4.18 -4.36
total -8.09 -8.09 -5.45 -3.78 -5.42 -5.85
4 7E4§ Technology, vol. 10, no. 5, pp. 477-484, 201.
' DOI: https://doi.org/10.1049/iet-smt.2015.0218
W oo o 2 aEls = [2] I. E. Commission, "Electrical energy storage white
& A7) aws Hasheha AxE A paper," Geneva, Switzerland.: International Electrotechnical
xj]vo_i tl] ol 0].7] _r]-cs]. 0131 7}X] _,—‘5];§1§]_ HOL%JQ; /\]% Commission, 2011.
o)L APl AN 2183 A o [3] L. Papic, "Simulation model for discharging a lead-acid
o B B battery energy storage system for load leveling," IEEE
o] HA3}, 1831, ESS PCSY| &, B 889 TS Trans. Energy Convers., vol. 21, no. 2, pp. 608-615,
_ - 2006.
nlol sl 2= 0]= 4)&]0 = 12 2=
T 5 ole A A Zﬂ"] L, olF ERAT DO https://doi.org/10.1109/TEC.2005 853746
AR E AR AT 85| H2skEs T3 vl [4] A. Purvins, 1. T. Papaioannou, and L. Debarberis,
< Fgn} w3k Aoty A vEow 1w "Application of battery-based storage systems in
o ) _ ) o household-demand smoothening in electricity-distribution
71859 #Haske 3 1] flste] ojx kA grids," Energy conversion and management, vol. 65, pp.
- . _ 272-284, 2013
HO AlQF o] = ol oy =9 = > .
4 ARSI ESS PCSe] Sl %A w&e] e DOI: https://doi.org/10.1016/j.enconman.2012.07.018
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