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A Study on the Efficient ESS Charging/Discharging Operation Algorithm

in LVDC Microgrid Environment
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Abstract

Modern power systems are developing in a sustainable and energy-efficient direction, and research on intelligent power grids that
accommodate new and renewable energy is being actively conducted. Since new and renewable energy-based distributed power
generation systems and ESS are output as DC power, the DC microgrid reduces the power conversion step and improves the
stability and efficienc of the power distribution network. The core of this study is to compare and analyze the performance of the
three charge/discharge operation algorithms based on Al prediction in the LVDC microgrid environment. The Al server learns
real-time data through interworking with the EMS to predict future load usage and solar power generation, and performs the
charge/discharge operation algorithm of ESS based on the collected ESS state data. This paper presents the configuration of the
LVDC microgrid testbed, the integration method between EMS and electrical facilities, and analyzes the performance of the
developed ESS charge/discharge operation algorithm. It also evaluates the effectiveness of each operation algorithm through actual
operation data and simulation, analyzes how these strategies contribute to system load reduction and energy efficiency improvement,
and provides guidelines for selecting the optimal ESS charge/discharge operation algorithm under specific conditions.

Key Words
LVDC, LSTM, Load Forecasting, Machine Learning, ESS, Neural Networks

= 2 = o
Bhe A5Y AY(Smar-grid)el fek A s A
GITh A oK FIEo R MhAshe BAL M A
2 40

Saving System)2] o] F715ka ik AE A

A9 ol gsto] 8710 MY FFE FHe &

= Helgel nlo]AR e E ESSE Arstel e w8
[e]

& = 1]

o
L
L%
AL
«
R

5l

A= DC Hidge2 5/ DC npola = =9
§ofl sl Attt A oluA] 7Iuke} EAF

A A" ESS+= DC FdEgoz £z DC nfo]d=21
SER 5 A AHE S A8 HEl TAE S0 AC mho|a 2
Jejeet Blas) Wk EAS 5% ol AAaAlE 4= leh2-4]
nfolazIe =0 YA 9l aeE 9S FIsiM ESS S
Y daEle s = 2
25 ESS7F of g/ s sk ’pdshk=AE 25t

2 oz mela s gl A IS vk uf
t}

.

=

£87

T o

Jut

¥ Corresponding Author :
University, Korea.
https://orcid.org/0000-0002-8366-3533
" ICT Convergence Standards Research Division, Electronics and Telecommunications Research
Institute, Korea.
https://orcid.org/0000-0002-6349-7515
" ICT Convergence Standards Research Division, Electronics and Telecommunications Research
Institute, Korea.
E-mail:jsw256@etri.re.kr
https://orcid.org/0000-0001-9109-7220
Received: Apr. 02, 2024 Revised: Apr. 15, 2024 Accepted: Apr. 24, 2024

Dept. of Computer Science and Engineering, Chungnam National

Copyright © The Korean Institute of Electrical Engineers

This is an Open-Access article distributed under the terms of the Creative Commons Attribution
Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which permits un-
restricted non-commercial use, distribution, and reproduction in any medium, provided the
original work is properly cited.

KIEE



1064 The Transactions of the Korean Institute of Electrical Engineers, vol, 73, no. 6, pp. 1063~1073, June, 2024

=S thedh 22 22 AYEh 240 A= LVDC nt
|FRIRE HAEHES] F2E dHstal EMSeF 17 2]
F ol s AmEch 3o A= ESS S 29 &
2l5e AR sl ek AN B TS dlSst
ol sl Argtet. 48olM= e ESS S 29
A3} W) wg AAskL SAE A
AT e, 6goMe A
star vl At o] ek Alde AlAR

O

oft

TR IS o =T B N
k1
o
ol
2
=
)
ﬁ
o
=i
1%

d

of

iy
i
-3
=
o
=i
1
filo
N,
oo
o

o)
iy

2. LvDC Op|F3=zag|=

2.1 LVDC Op|323z2|s 74
LVDC ulo] A2 2|5k 1500V o]3ke] A#e ARg-3]

Aol A8 Favhe AS(Grid)y 24FE A9l ESS, PV
o

H
v $3}9] FRE DC 587k AC 8712

olAE T hF $ARY oful] AL vlo] AR e|=
SYBHE B PAL AUt Al ute} Hte] 7h
C

AR E HAEHES] AL viFdY

=}
-
2

e st ABGIT B4 AU ESS, PVE G
T glon] Bake FRE DC 487k AC #8712 T4

13-4

De/De
iofE

R T AE
i

\

— AYsg
- r]olE] &

LvDC Opo|3 20| E

33 1 LvDC Op|F27z2(E F-=
Fig. 1 LVDC microgrid configuration diagram

B sid S ARESke] B ol AIE DC Aoz wighst
L ogjokg vhd A|2E(PV)o] glom, MEe sl -

KIEE

whol Wste] ofixo) E&HQl Wels XYt
A A|2BUESS)o] Ik T ouiX) A A2
Uxje] BHat olux] 408 Reste] nolamaes
SHgHon Hg FHu

vho] 22 12 = ol 4 el Weke $I5k A e DC ol
SR e|Esk AC AR(Grid 025 E H2he B 3] AC
£ DC Ao Wakshs ACDC HujEleh 41414 4], ESS,
DC 8719 Q%9 A9k A Hetal 53] $fak DODC
AujE7} 9lom], DC vholAz 2| =ue] gl 720 AC 4=
87tolA AC AE FHsI] S8 DC AL AC Aow
WSk DOAC AuE 2 TAF
2520 o U] The] A|2RY(EMS, Fnergy Management System)
| spolaz e A A7) Aulg Bistel A5HoR
2o T|

Y

O

2.2 LVDC Oo|=2272|= EMS
EMSE tpo|A R EE A eA R Y] ouA] A&
= Azt 97t AlLFelth ol fl3 EMS= K Y]
Z5E AAZE uE HolHE falste] E48kaL 2 AekE 9
gk oA BA Tle= ] f8f ntolaR =S st
© ARlE3 FAlste] vl A JE, njE JE So A
oAl AAIZIOR HolFz BUEY Mulag Algeith 1t
nfo]l AR 2| 20 {2] e Vee AlEsh] s 7] A
b A HE Felst

ol 4] BMSLE A Q] AIZAY o q 7] ubAT} Hat
& Al RYR g0 e oA Aee o5}

LVDC 270|412 EMSE AC mlo] 22 18 ol A AFR-E=
71iks v oy S a APEAS XYL qlek LVDC A
2R U R Mg gk mpgoll A WAsHe EAS Folr
A A 2" Bes YA E3L DC A8 AC A
Hot o ARl AY 352 7HessHl skl AY FE &
of g 54e A9 AT AlEdo] Holutk ofzgh
LVDC upo]a 82| A9 &H=7 W=al A 240]
A48 o] Fof A= !

A oA el WEde auder #Egith ol
=4

4ol e BuljE HAsfete, An Qeigell BUY Ax
dollq wEY de S AP wek
A7) Anlelq AL G Modbus ZRESE HEHOR



The Transactions of the Korean Institute of Electrical Engineers, vol, 73, no. 6, pp. 1063~1073, June, 2024 1065

A1) A5} Hofo] We) Aotk EMSO|H Ao ]
gepo] 2] M) Hlolel 2 4lallols Alghlao] Itk OPC
UA(Open Platform Communications-Unified Architecture)= A IoT
IZREZE 7Y WAl glom 7]E0] Modbus7t AlESHA] E3E
HOMY, AT 884, A B /A, ARV, #EskE B
33 5o B UERith & ] mlolagae|E HlAEH=E
= 71 271 448153} EMS Afolo]] Modbus B|o]E|E OPC-UA |
o[E|= W2lsfF= IoT Gateways dA[5to] EMS7} /dH]E52] b

olgtg mEHOR P seck

.. loT Gateway A8 7| A
XML PCM ann
’ PV

_sopcUA | | w

o) THE

y f e
VA A7)
é @ ";E\‘ L Ei (*HE2))
a AC/DC — AC/DC
1, . DC/DC
S| B

A
i-EﬂA %ﬁ"@g 5; 5388
.

g 2 oo[a2a2|E - EMS ¢iE ZREE
Fig. 2 Microgrid - EMS Interworking Protocols

FUH 29 Aol
Management System)2} &1

W2 IR EZo| B_?Qi OPC-UA Et} Al&AJo] =& MQIT
(Message Queueing Telemetry Transport) 2 EZ2- ARg3IcE 13
2= ool 1200l S8 sk M) w5 9
3 IREZS HojEoh

= EMS7]- ESSE #2|5l= PMS(Power
74 S A E]/Ho] =71 H]—_./l-]o]

2.3 34 MIoIE 2Ist Al MH
AL Avle 55} Aga elope wane i3 el Ess %
WA &9 2AETD 7eS stttk 2AEHS fIs Al A
He 71808 A7) du) 9] g HlolEE ARg-ste] 7]A st
= T Al AHE &S 98l 5o ZEAA7L
Zastozs W] Az ZUskyich
Al A7} 294 dare]ES 345t7] 98 EMS 2 PMS
o} ek apge 1Y 3wt 2ok
- A4 a1 8
— . L B ~m4vw e
uej3 5 YA B

2! 3 EMS - AIS - ESS 95 1bY
Fig. 3 EMS - AIS - ESS Interworking Process

EMS®] ESS

T 29 GaelES Fek AN B
W] A So] FETrF w2 oA TES BT

ok 3ol A= Fok AR Bid IR clEsh] Sish
g Holol| A AR =
o] sl A sk %%E oS xS vuglt: Fa}
ARG o AR 52 ESS A ] 2 2ol
ZARl Vs om wolarTaH el a8y ARAES A
o= H $a3 g Ik

HAoll= A 71Nk WHES o83t AIAE HlolEE
dzsigon, 1% A3 AAD dolee] S48 mue s
7181 E3t o)y Hot EE2l ARIMA(Autoregressive Integrated
Moving average Model) H@lo] dg] ARE-EQick 18} Ha)
AN 2 B RS W 22 AIAIE HlolE e g, A,
Y, 3FY 5 T2 aasR Aol WstER B3
g SRS EZFSHAL Qlo] ARIMA REla} Zhe 5291 FA
Ell geteel A=) d HefA AlgHA]oltHs].
Z|Toll= $A4 71N 2o S-S sidsty] ffsl "Held 7l
S5 Z83 thgRt AAIE HlolE oS 7Rl dFtEAr Uk

] < RNN(Recurrent Neural Networks)-2 A2 1:1]0]E-]

Eg].%]_ /\]ﬁﬂ}i 47-]_,] Z%E——— zﬂxH_,] ﬁ?(%oﬂ
o don i mrdE ) AlEAe o)l HE 7191
% ok AAgF W SRy W oSl §-831 A
VM(Support Vector Machine)-> Hjo]E]E E57317] 9
2k X—i—l BAE Fohli, 1A ol oAe & AFstal
4% vAE BAE T Ue A EFE ANSRE
t}. LSTM(Long Short-Term Memory)2 £4 HEE 7|7 &
ek 71 & Qe ARIE HAUSE st AIAIE Hlo
oA $a3t JRE fAlskl 2283 YRS glojHdrh
GRU(Gate Recurrent Unit)+= LSTM 2] thslE HA OS2 ¢ &
< TefuE S 7HAH, S50l Witk upAEfO. 2, Transformer
= Aol Aeoflx 2 AR-Ew, RNN¥ 22| A4 o b
o[BS g ¥l A 4= Q=
A2l £t A84dS A

3t 12 aVIRE AAID oS 2 @Afes HolEr]: MAE(Mean
Absolute Error)= Ho+ Ao o212 AA| 3k} of|=7ke] 2}o]
2 Agizroz wslksl ¥ $KIsle] Hao: UeRick RMSE(Root
Mean Squared Error)i= B+t Al 22k=2 AARE oS54k
olz AFe 7 Bhe FHI £ES H9lA hehic,

f
N

By 4

KIEE



1066 The Transactions of the Korean Institute of Electrical Engineers, vol, 73, no. 6, pp. 1063~1073, June, 2024

RMSE= 225 AlFsiA A7le ¢ d== &tk

H 124 o= Ms

Table 1 Model-specific prediction performance
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RMSE 20.86 2.461 3.301 1.833 2.018
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Table 2 Electricity usage for season and time zone

Bolg e A%
(3¥~104) (11¥~24)
AB3L A 7F
gat Al 22:00~08:00 22:00~08:00
(off Peak)
08:00~11:00 08:00~09:00
F7053E A7
© TO]— 120 12:00~13:00 12:00~16:00
(mid Peak)
18:00~22:00 19:00~22:00
F |73}k A7 11:00~12:00 09:00~12:00
(on Peak) 13:00~18:00 16:00~19:00




The Transactions of the Korean Institute of Electrical Engineers, vol, 73, no. 6, pp. 1063~1073, June, 2024 1067

H 3 AANE | 238

Table 3 Electricity bills table for season and time zone

H 7o %
Awag | o | osa | BT e
Q/k = 6~8< = 112
(kW) 659 | oo | 2®)
Axs) 94.0 94.0 101.0
8,320 Z7bE5 | 1469 116.5 147.1
Y=sl | 2290 1472 2046
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Table 4 Charge/discharge operation algorithm variable
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Table 5 Test Environment for LVDC Microgrid Operation
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Table 6 Power Meter Data Not Applied to ESS & Power Meter Data by Operation Algorithm
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