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ABSTRACT

The development of smart grid technology has created a promising atmosphere for smart cities and energy
trading markets. In particular, traditional power consumers evolve into prosumers who consume as well as
produce electricity in modern power systems. This paper introduces a new smart grid system, where the
prosumers can buy or sell their electricity and exchange electricity. The proposed smart grid system can lead
to the efficient use of electricity through a common energy storage system. Moreover, this system induces the
smart electricity usage of the prosumer according to an intelligent scheduling algorithm. This paper proposes
the game-theory based scheduling algorithm to solve the overhead problem for the massive environment. The

proposed algorithm is evaluated by the simulation to show the performance.

.M E A2 it Axle] o] =ik ol g A

AHS flste] 71 AYrdel FUF A4S 73t

FT Ak Rl mE A7) AR w5 St Al she 2vte gelest SR, ~vke gele
o} AY g2 |59 Elgher <lale] Y 8 = PR AR I vieE Ay et 3+
T Afelell Edo] AR o2 . FHe o S BARE & gles v A el 3

o] A= AeFElrletstal al dwlEA] ] Ader FE g c

First Author : Seoul National University of Science and Technology Department of Computer Science, prkhj98 @naver.com, &-43]<]
Seoul National University of Science and Technology Department of Computer Science, fbfbfl @seoultech.ac.kr, SH3]<d
Corresponding ~ Author : Seoul National University of Science and Technology Department of Computer Science,
lhpark @seoultech.ac.kr, £413]%]

T 0 202108-215-C-RE, Received August 25, 2021; Revised August 31, 2021; Accepted August 31, 2021

0>{—0>~<

1900

www.dbpia.co.kr



Er/euA] B b Z2av Y 2AEY daElE

@ AR TEAA QDT o] Aue] 2As]
T AR 71 A AAsta el Hek
Z A9 ook o AEEE A Fle] o ulHA)
t} ~nte g2|le A2 2R (RER:
Renewable Energy Resource)®} ESS (Energy
Storage System) 7]%2] WFde| ule} A Z I
(Prosumer)] 7Nde] S8l &, @S A6
A A o550 AFEer AvtE TRlE e
Hhe gt A gaksl] A ARSe] aiAd
= WA 5 J=E ek 2 =elde A el
Uz S wleko 2 sl AntE g 2AlE
& ATE gk

Fig. 1= 2 =70l Algkshs ~rtE J8]= A~
HE Bojerh adelx] & 5 gl 2vkE aE
= Azele shie) Bsss} e megml, aela
apte] efulx) slnz gl giek o] AldelA
224019} BSSE o] 388 s elzslolg)y]
ool ZEApvlsh ESS Alolo] o] Hlukd % 9]
oh 2o ERpmEe AAIA Lz A
FHEE S A Dk o] AH e madeiSe o)
ApgE At A28l e ESsel AR 5 ik At
AGE Aoz 2AEY s D A3 A A
& BEHoR ¥ 5 ik B =12 olE S8t
o] ESSe} Zeqpme] B4 avlsha, Aol
7|k are]ES Algkeieh

(A B 4 )

T2 40 —

b

w0

a A

2240 Z240 &

£
rx
i
a2
i

NP4

[

a2 1. Ak AvtE aElE Al2El
Fig. 1. Proposed smart grid system

II.

fc]

2 o7

A4 Fuzzy Logics ©]83F oU#] 714 3
Az}, AHF 0z WA, AR A=dTE
Asksict. Ao 4+= Fuzzy Logice] w& AXL &
AL Eslo], 71k wkxl 4 A~ 9 3Bidding) A
25 Al AN = e e] S A,

-5} $-41%29], Time of Use pricing(TOU)9} 22 )
& getvle] 7|9k Fuzzy Logic ZAEE 79k 4
Ak g 7oz 3] 24 7HE ARk A7
A 48R} 2 =S A5 Fuzzy Logic 7]Hbol]
YA 2AET S Al

o238l e §-849] Energy Management System
(EMS)S- $l8llA =20k oUX|E A EslA 53}
£ AT Akek Q7P et ol male A
nAle wele A, 2 sl 2 ek A wiy

@ F

o
=

)
T
4
=8
b
i
=2
>,
L3
ol
N
L
fo,
=2
&
I

3
w)
ol F ¥
A3 AR medlg s7A17]7] 93 A7 (Neural
Network)ell tigt el -5o] 8=} 02 s}
o|& B =Z 913l Feedforward Neural Network’s<}
Beneficial Correlated Regularizationg ARE-3sle] &t
42 283} Levnberg-Marquardt (LM) <xe|&
<= 53l olFe] A v8-S FAlol e 5
UES Az} g pPie}. A T 2T
TOU 714, 2 58 A2F 271el gt <<} 4l
o 71RE RS o]gale] N3} o5 FATC
o] L. vty 7488k (RL: Reinforcement
Learning) 52| tiefgt walegld 7HES +8 k-
I} 13} of| Sl ARERlT) QAN J o] ouix] &
TS HIE3lr] $l8l Artificial Neural Network
(ANN)E A3l 714 ollul=] 3] Alz=Ele] &
o 73} 3k Al el ok w3k, F4, v)AdE
2dlg] Az"lexs odA] ol5S ]3] Neural
Network Auto Regressive External input X%
(NNARX)¥ LM 322|358 ARg-gel. 192 o}
9] ol 18] A|o]El(Aggregator) 4] AH|AE2]
Y F8F Fole FEY FHAAS BAsP] Sl
o] Alk=E R, A AV 8 mds F
Asl7] 98] ANNS 283t} =3t A18-2] Heating,
Ventilating, and Air-Conditioning (HVAC) A]2~&lo]|
gk A 48 Hb-S ~AIEHEP] $l8iAM 7122
2112] dA AA3E Alole] HAE ANNOE 353
o} Zslelre mels AMSEHA| e sk 71Hela
F o] 1P Moji o] & 8 ukgel] disl] 222
AAE =7l g8k we® ARgEck =
Batch RL 7]¥¢l Fitted Q-Iteration(FQI)S- ©]-83}3
o SN AwERe AlEgck 3712 Thermo-
statically Controlled Load(TCL)®l| 285 sk of|o]
HEE Ed A= AT AAS o83l HAE =
Aafiziet. o712 Batch RL 7] CNN=} A3t
3] TCLe| W3 Z=lxeo] gk A5n]g-& d3ks}

o f

1901

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "21-11 Vol.46 No.11

= AdE ==k
. & AHEE YnalE

31 7K A 72 2R

B Aol x)e =Rl AlgkgE AvtE gR|= A~
o] 72 9 g dvdgicl & =l Algk
ke Arte gle A|AERS Fig. 13} Zo] shie]
ESS ¢} t}e] ZRapn], |3 shue] A v}
2 AEe] glen, BE A A odluA] HEE
F3lA AZEe] itk o] o] HBEE F3je] 2z}
TR A 2 ARE w3 5 olvka 7P
th & e AR AR 2719 BlERe R v

At B'7} 0ol 775 ARk Ak A,
1000l 775 715 A} glrfal 7P smte
ae|= Alzew olel] A7) vt glebal 7MY
staL piA ZRgE o olekal gk e & Zag
w 0] tA17kell AEsharat sk AYREE ojvigeh
qeF o] ¢ ARkl JoiHe] AAM AH¥E F 3
G e o & 5t Hek WE ro] ¢ A7l

=
a7} o] el AL AL AL A o

=] 2%
57t "ok B'E 1417t ESS A A wislet
oletar =y & - A (D) 2ol Ak = 9k

oJ714] E'7} k4l 75 ESSell #4E xzeko]
78k, A2 5l 79l BSSell A1g= A
o] hasl ek Al ()& wlEke 2 ESSe] A1

% ulgel B olele} o] el @ 4 glek

100E"

ESS

Bt =Byt @

7|4 = ESS] 2Tl Ao}, 3 =]
AMe 24 p & 2PAle] AR M ARGl ofgt
oRe 2 A AM- 87ARRE XA ok 7}
Akl ™ AR QAR Y A2 AR
Azt s, , Bl AZE £, A3AZE Well 2mefok &)

1902

A7) = 0] ¢ A7l awsis A oz
o] ogelet.

2 el Tl A FHns 4 9l
£ odA19E 1) A418] A, 2) EsS, 34
folgiAzkn AR, A7kl Ale] A
A g, A BN (AR o
Aeere o el wels] sh ofs} e A% fw

& = Stk

3.2 MARE 2 23 BH

(e

r
-,
2
2
m
7]
»
lo
2
ol
ot
o,
i
S
o
odl
o

>

ot
ln(j il
1
w2
wn
lo
22
2
rN
i
2
o
ot

( ) 100 ( max min)+Pmin (5)
A By, 8F Py AzElel A Ho) 1

23 4 AY 858 Ll EsSe| A Wl
of w2 AXZE AH 2585 ARlelr] f18ted, Ak ¢
ol Ak wistel] whe Ao P'e offis} 2ol
Akt

B' (6)

9 AN AH 8FE ulere R Zage] 1 o

www.dbpia.co.kr



=/ eluA] B s Z2av Y 2AEY dare

o\

Real ame pricing

T2l 2. Tllinois Power Company 2| AAZF ¥ 8F
(2009, 12.15)
Fig. 2. real time pricing at Illinois Power Company
(2009, 12.15)

yaEE A8 a3 B, e olele) o] Ak

Bill,, EP' 7
SrellA] oleprlslsiel, & s=tellA] Alskeh= Al
2l gyl S R ozl A 4
ol MW AR 7ol 5 gleka 7Pl Fig2
= PIE de)iee] AYIAbe] AY 85 HolFrh
A7kt l Ay wvlsizte] A8 esge] PR'ERL 7}
A d A2 gejdabmre] Z2qp g ellA
5|

]_
= A 8F BillR & oFel 2] Axkglch

BillR, =— gPRt s ®)
3.3 MH AAEY Laa|F
B EEellA] Aljlshs Y ~AER] daEled
ZagpollAl Y 258 #43} sha, ESS AR
o] HAS FHu3} slo] Aol T&AQl 2w}
E a8E Al~H :TL%“E AR el 01—?;’— %%ﬂ,
& =EollAl= ESS edAtel Zegprge] AHARE
2 AL gl tigk A2k Wik 3l AX—H E
AdE A& 5 a’l% Aldel & 7Ike] ~AlE
a5 Aokl Algksh= 71]‘”015—— 714k ok
E]?E Za4pu5e] S ESS 3Rkl g
3, ESS' ZRawEe] Ak viglew %}*194
%% FHYTE BSS= 92k Al Ak
ZRgpH el A ARk o2’k Azkawghe d
o] i wj7kx] whagic) kae]s RS H
HERL] Aol 1417k, 7 ZR4pm7} gk

=
=
[°)

ol M,
"' olt,

i

ﬂiirlﬂriﬁl'iﬂ
g&ﬂim

4*17P91 A ~AEYSs Fegicia 7pghet =
T ZEgHE A Az E t+24 7R AY
*ﬂlgﬂ A3} ¢, & ESS 3zl A AFgich

— t t+1 t+2 t+24
- [emen = 3TTHEy (9)

n n

ESS +97= 2E Zaamaye $3F ¢
nigto 2 oko g 247k ot vl ell<&3E2] ESS
AzFE AR = 9ok o] & nlEko & Al A7 ¢
B t+24 7pX|2] AAZE AY 9 F pE BE T2
woll A AedslErh

oz ofw

>

p= [Pt7Pt+17Pt+27_._7Pt+24] (10)

Z24E AT A 9T s H}E‘f_f% ohA] A
S = ESS & ﬂx}oﬂﬂl
T

3.3.1 Z24rn{o| wet
B ke fox] TR 2PAle] AHE n 974}
g Wollx] 71 Ae Falo g e ~AEYS 423
Bl dhek B =tellx] TR o] A el A S
3 Ay gatekl o|Zo] 7hssicla 7t g
Y& tol] a2 1 olA] AZE AR 2] o

Zojo] gl 2k AR 71 4 (@)% olele) o]
S 53,

+23
M (P -el—PR-2T) (12)

T=1

maxmize®
t t
en"zn

subject to

fr

¢
Z Cn, Z 67%
t=s,
S 4+t
C’VL — grl Ln Z’VL

03714 P ESS £} RE] Akl elglsg

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "21-11 Vol.46 No.11

ERlEE ¢

&, 7 Ak by A (12)

'

[ ESS oAl ¢, # A%

A
[ ESSEHE] wlAlA] 441 }

523 WA Q172

[ 2AER sjulel= }

t —t+1

o8l 3.z 5=

Fig. 3. operation of prosumer

ol g A7 A FAe Wi SR (12)
+ Convex Forme]|EZ 7} ZZ24M{= Polynomial
A7k Well o] A2ke 218 4= glek. Fig, 3 =2

o] T2 dare|ES BojErh

3.3.2 ESS 2%xte| Fat
Fig. 4= ESS 47| 52 dare]5S HolEeh
ESS 237h= BE Zaqprfe] Aks Al vk F
e The vieew Ale] A2 pE Atk E =
oll4] ESS d7k= AAZE AY a53A4E a5t ol
55 Hug sl b 7k meld, oE
[e}

8 BAFRE Thest do] T 4

Ho 4

maxmize <%
P 13
Y (13)

subject to

0< B'<100

1904

Bt gty 100E"
CESS
B/fl
/ Plz)dx
¢ B
P < =

EA 34 (13) -2 Convex Formo| 2.2 ESS 237}
<= Polynomial A7 Well 249 & 2 4= glek
o5 F3f Ak Fto] o] At U A >
EqolAl 2AE B HARE Adsta, o
735 A2 kg Adsle] Headle] AL =S
ghet.

V. 8587}

2 2ol A= MOSEK A3} =19} MATLAB

www.dbpia.co.kr



= oA SR A Zge A

1
[>
A
1N
o,
mo
iy
L)
o\

< ARgste] Ak ~vlE gE|E Al S
ket AlEdelAl sletrlels bt el ESS
o] wjElg] g8k 3.5 « 107J0]3, ESSS] %7 wiE]
2] oFS 40% =2 AAACE A (5= AP s
P =160, P, =100 °& &3k ¢'= o

max
TG ejoped b Y ¥ WA A IS v}
2k vyl WA 49

A1) Fig Z=E 7k

537 el = WA A darelge] ARt At
=5 A3t Fig 5& Z24 ol w2
A|17ke] ks BolErh o] 1 Zoflr] ZR24m] e
F7F N=100 of 7 8] AR A2 222 &
A=) w3t TR Frle wE a3 A7k F
7h e ARAHeR 7Bk As B 5 sick o
= Algkel =Ele] B3 g4 (12), (13)<> Standard
Convex Linear Programming 3El|o]|2g <t 3]
A7 ZRpme] fof ule} AYgHoer oA
Hr} wjepby Algksls dare]ES Polynomial A%F
qholl At = < gl Bl

Fig. 6= ESS®| AR ol upE Z 2402 2
SF 2 =E HojErh 7 A AA AYee ws)
3

-

70

[-:}
(=]

o
=]

Average Convergence Time (s)
Lt b
= =]

[
=

=]

=]

[=

100 500

1000 1500 2000
Mumber of prosumer

T8l 5. Za4m At vs, daelE o AR
Fig. 5. number of prosumers vs. Average Conversion
Time

10"

{cents)
-
C :

n

:-.'B:H
.

¥ Bill

2 4 6 8 10 12 14 18 18 20 22 M
t(h)

T2l 6. ESS Aol whE AY aF
Fig. 6. Electricity bill according to ESS usage

t}. Fig. 6914 ESS7} AR w 54 A|7kel] Q7]
5w 7, ol Z24p ol o8 Ak ol
UAI7F 8 o o] =S ESSell ghefj=]o] Ay
g ZRgpu]e] o]elg RojEr) B AeHrE 53l
o] ESSE &g3lo] 2~AEHE & A5, mHow
JodAH & Fgsle] AY 2FE IFE= S B
ik

Fig. 72 ESS®| wlele] 4=kl wp& 4718+ 1
HZE wolFrh aglelx] A wuirie] AARE
T ESS FTAEe] ks whA] odierh B =iellA
Ak ~vte 2= Ajagle] AXZE Y 85
Phe A (5)ol wel ESse] A AAefel] o)s] A4
gl wleba] P2 ESSe] AAfeke} uknld IHA1E
2|31, # A= Fig. 7914 29l & 4 glck

Fig. 8% AlZkol| ul2 clefgl A8 4w wslaks

h =
melzeh ageld 2 4 glEel, A48 sus di

filo

_l

|

8 10 12 14 16 18 20 22 24
t(h)

32 7. BSS ¥l me AN e
Fig. 7. real time price according to ESS charge

1905

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "21-11 Vol.46 No.11

T2l 8. AlRtel] whE Y Awepe] W)
Fig. 8. variation of electricity consumption according to
time

segeie] A9 aThgel wet 10413 164
7 23S TR Q= e B 3}°U4 olE &
sle] maferle] SPARRhE Fosie daelBel B
Z}%P: e & 5 vk 23el4 ESS7F AREA]
A%, AelIA e e 4 9], nEg
Ao ToE aof gk, %, 24
¢!, Fro] AHEEA| Srov g 7} Eaimise
IR ¢, - g, DF] A& Fohsfol
w0 Anleke] Zotel wel AvleiAl
5 AR oluR|eFel 2= A S Fek wt
W, ESSE AT A9, Z27= oo oux]E A}
T2 % olek aReIA 1614 54 Aol ¢f hel
0RE} £ 24 B 5 Qlek 7L ol kALl =
24eEe g’*“&%«l i B 4 Polgiake
e Fedh AES el o] @] A=
o= Fig. 7= 7 21 & = stk 14004 54]
Apoli= ESSellA] AAE A= 7pAe] A gzt
AART & AL ¥ 4 lek Wl Ak o
A% ESsel 93 6] A AAoR oldAzE
o2& Fulighc). Fig, 804 6414 184] Ale]e]]
A a3k Ak e Al 3 S sl el
A 7t mRg R BSSU avledAete oA E
Alolghel. skR]at Fig. 79] A3 FlolAd & = 9%
o], et A|7kie] ESSse] AHE spAe ;qeﬂJJruHoqx}
o] 7PARCt Aick wlehi RE LRSS ESSE
3 AR AAE Ak el A S a1 )
7} Z9k 0 gHe 7RIt} o)eid AFE n|Ro] H u)
ESSE ARshs A vlalale] ouix] ake %<
Z Wl o2} oUlR] 3= Aldlelade] 93w Zo]

[RAIics
o

2L ot
I A
au) 112 ! I

—r o
o

m

1906

FE EE 9 B 45
1:1 7(]—0].;(]9& 1o 0
gk 224] o] ESS9] 7}7401
| ol mz akE
o oA %

>~

S H

=g

gl

B =RoAE 2R A,
EE_'/_I\_u—]:E’_
dae]ES XﬂOPﬁPﬂU} ol& S8t EATE

ok 184] o]F, &= ¢ ¥}
o= = ESSell 24| "t} 314
Zevfsizte] 744 H e} of
= oYA]E ESSel| 2| =
A=Atz ] AAl Fck

Dwe)Eg Falo] M FolgiAe] WAEE ©
AREIA oIt AP ke AN 4 9led

- Sk

V.2 B

ESSe} & A=
23 Algdo|& 7]uF ArnlE a8]E AF

$VE Bol A elze) A
|

& e 48RS 08 8F AT R 4

T H— X

9151k, AlRkE Qbuele ARl A ¥

Ak A S SleE Bk

(1]

(2]

(4]

(5]

(6]

References

L. Park, Y. Jang, S. Cho, and J. Kim,
“Residential demand response for renewable
energy resources in smart grid systems,” /EEE
Trans. Indu. Informatics, vol. 13, no. 6, pp.
3165-3173, Dec. 2017.

A. T. Al-Awami, N. A. Amleh, and A. M.
Mugbel, “Optimal demand response bidding
and  pricing mechanism  with  fuzzy
optimization: Application for a virtual power
plant,” [EEE Trans. Indu. Appl., vol. 53, no.
5, pp- 5051-5061, Sep./Oct. 2017.

M. Collotta and G. Pau, “A solution based on
bluetooth low energy for smart home energy

management,” Energies, vol. 8, no. 10, pp.
11916-11938, 2015.
A. Garulli, S. Paoletti, and A. Vicino,

“Models and techniques for electric load
forecasting in the presence of demand
response,” /EEE Trans. Contr. Syst. Technol.,
vol. 23, no. 3, pp. 1087-1097, May 2015.

F. Y. Xu, X. Cun, M. Yan, H. Yuan, Y.
Wang, and L. L. Lai, “Power market load

forecasting on neural network with beneficial

www.dbpia.co.kr



Er/euA] B b Z2av Y 2AEY daElE

(7]

(8]

B

[10]

[11]

[12]

[13]

correlated regularization,” IEEE Trans. Indu.
Informatics, vol. 14, no. 11, pp. 5050-5059,
Nov. 2018.

M. Collotta and G. Pau, “An innovative
approach  for

forecasting  of  energy

requirements to improve a smart home
management system based on BLE,” IEEE
Trans. Green Commun. and Netw., vol. 1, no.
1, pp. 112-120, Mar. 2017.
B. V. Solanki, A.

Bhattacharya, and C. A. Cafiizares, “Including

Raghurajan, K.

smart loads for optimal demand response in
integrated energy management systems for
isolated microgrids,” IEEE Trans. Smart Grid,
vol. 8, no. 4, pp. 1739-1748, Jul. 2017.

F. Ruelens, B. J. Claessens, S. Vandael, B. D.
Schutter, R. Babuska,
“Residential

and R. Belmans,
demand response of
thermostatically controlled loads using batch
reinforcement learning,” [EEE Trans. Smart
Grid, vol. 8, no. 5, pp. 2149-2159, Sep. 2017.
Z. Li, S. Wang, X. Zheng, F. De Leon, and
T. Hong, “Dynamic demand response using
customer coupons considering multiple load
aggregators to  simultaneously  achieve
efficiency and fairness,” IEEE Trans. Smart
Grid, vol. 9, no. 4, pp. 3112-3121, Jul. 2018.
B. J. Claessens, P. Vrancx, and F. Ruelens,
“Convolutional neural networks for automatic
state-time feature extraction in reinforcement
learning applied to residential load control,”
IEEE Trans. Smart Grid, vol. 9, no. 4, pp.
3259-3269, Jul. 2018.

Y. J. Kim,

response of HVAC systems in multizone

“Optimal price based demand

office buildings considering thermal
preferences of individual occupants buildings,”
IEEE Trans. Indu. Informatics, vol. 14, no. 11,
pp. 5060-5073, Nov. 2018.

S. Y. Choi and S. W. Min,

scheduling and operation of the ESS for

“Optimal

environment in
grid-connected industrial complex,” IEEE
Trans. Indu. Appl., vol. 54, no. 3, pp. 1949-
1957, May/Jun. 2018.

prosumer market

[14] MOSEK: https://www.mosek.com/

Ht 5| X (Heejae Park)

20181 2Y~&AY : A3}

oSt e ot sl
2l M & (Seongryool Wee)

314
<IAl7
2016 2U~FA - A2
=L Z5E g8t b
= 4
<Al AAkE SAlEE,
FEA
[ORCID:0000-0002-2762-2526]

Hol> Z—]]}-—l—ﬁ]— EA]%L
B4 Fot

[ORCID:0000-0002-6144-4831]

§ (Laihyuk Park)
20084 294 : Fotistn 715

F3t Ak

20179 29 : g 75E
B3} wAkkA]

20191 9U~&A : AL
st 2

<AlEok> Intelligent Computing, IoT, 2~vtE 18]
=y

[ORCID:0000-0001-7848-8470]

1907

www.dbpia.co.kr



	에너지 허브 기반 프로슈머 전력 스케줄링 알고리즘
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 관련 연구
	Ⅲ. 전력 스케줄링 알고리즘
	Ⅳ. 성능평가
	Ⅴ. 결론
	References


