DOI: 10. 7500/ AEPS20240202004

L F X R R

Automation of Electric Power Systems

ATREADHKETIZHNERMNSSGELAMEINIEITAHE
x| #, EFAN REMRDC, HAaE, FR#, Ktk
A A TR S0 RIS, AT 3000725 2. KUK SUETA W W ERE, IR A I 518055)

HWE: S, BOoCAMBEAZEFRRRALSEMAEFGWHRT % £ TO5G AL TRGA M, Z
MTOSCABBREABYNATEH, AL, BET—FATAEABSMELYRELRNEER
(DNO)5 # %) M %32 % @ (MNO) B 31 Z 3547 % %, 4 8, WE T DNO-MNO R & Z i 47 H# 4L
BA AP DNORGZAF BALEMBRAL 5G AR R A E R, FARAEN— 1% 4
BATHEN AL R, RGBT R A RARA B AR ;MNO 4% B 5G A5 RA L & W E K
B, A5G RSB AEAT R R TAR A B AR R 5G A b FiEATF . B KL AT & MNO
5GASEREMA A LD ERELY RAEABAT KA P 28 T — AR T TR T %
AE IS AL R g AR A R AR, BRI B T A TH A F %6 DNO A# MNO RE T g A K@

Vol. 48 No. 21 Nov. 10,2024

Hik, &=E5,8
KEERE: Bok M ; SGHASE; @R

0 518

B 5 BT AL L ) R G 1 B AL TR, 2 LR
R B AN 2 T, DL 5G 3kl o 1R 3R 0 8 8 AR 17
fif O o B R, B3 2030 4R 4% A 816 U7 8 5G
FEUE A I B AT WOk Y R AR A A R O T R
H A E R T ok AR T AG H R G EfE A
e 4T 55 AR A A I, (E A TR AR R 2
Wi 51) 2k 5 T %) 9 {0 B, 5 B0 5G BR i AR R
MR 4R G, BN T RE L Ol 4G BEUE 1 3 E ALEY B Bk
¥ £ iz & % (mobile network operator, MNO ) T Ilfi /=
By Y 5G Huhiz E A . RSN, — I,
e F, PN i 20 98 il 22 3% M ¢ 5 S e oz D A s B
F BRI RCRS s O — 5 1, 5G el A R L I
) — Fofr 28 35 1 DR Al R 200 AR A% Gt as 4T X DA
BB AT A o DL, dn o] 42 2 i F 1) 5 5G JE ik
Z 8] iy O ) EL 3, S B U5 1Y B A S B S
PRz X,

H |, 5¢ T 5G KL uli 5 w1 Py [6] 5. 5l 19 #F 5% B
137 — 2 WUR 7% T8 B A SCHY A58 X 420 5G BL il
T SCKE 5G Rl AR O Bl o SCERL6 IR T S A

WA B 2024-02-02; 459 B 8. 2024-05-25,

LM B #. 2024-08-28,
HAEHAAEBTEENABEE LR T FALALRA
(SKLD23KMI15) ; 7~ & 4 A zh 5 5 B A& sl #F %2 L 2 K 80 A
B (2022A1515110896)

82

W H A BT P BT T ik 69 A RO A 5 R
s R Rk

AT 3R

Bk FE w5 L A R R G 0 3 B C i R B P ZRAE
o GE GRS SR N 5B B2 B A 1E S
SR B TS, SCERL7 8 R 3l 17 f 94 AR
L) (virtual power plant, VPP) 6 W5 , 18 i< 3 3l fif
RERLME = 5 VPP 48— B /Y J7 =Xl 42 dul iy 75 Fi 10
ML T o SCHRT8 T a8 T 56 i i B IR 19 98 ) 3
fﬁffﬁ’ﬂ,iﬁﬁﬂ%%ﬁﬂ%ﬁﬁfﬂﬁéﬁ@ﬂ%@E"Jﬁiﬁ?ﬁi"ﬁ
LI SR e R o SCHRLO [ ih T 28 T KLl it s
e oK W R EE L a2 E R (distribution network
operator, DNO) 5 MNO K Stackelberg 18 25 ¥l [R] £
A T3V A AV R 3t FH B8 ARAR 1 (W] B, A A T AL XY
AR IR IR . SCER[ 1042 T R T L ny
FEuhi it e H S S 5 B 3 B SOl PIL R 7E R AR
B SRy o N U [ N i 2 = 0 S 2 P
WA XIS S5HRMNE MR EERR TR &
FHAERE IR AR o A 1, 25 PR B BR324 4
5590 Bl 1 & 70 o5 A5 R A, 3L 0 10 38 15 00 4008 0 4
PR A R B RGN ) .

H AT, A D& J w38 15 B 2008 9 e M 1 A 5% 78
fEO S T —E gk, SCER[11-12]0F 5 T
2 M 45 375 5e b A R2 e P 38 {5 ik 55 5 & (quality
of service, QoS) BY A4 T , 18 i3 4% 4%l R AR L) 2 T
FE i AR RE VR A R . SCHERL 13 148 1 R H R B
Q M4 547 5G ¥R 43 B, 38 i $2 = 5G %R A FH A%
S T SRR AR L 0 B R AR AR o SCRik [ 14 178 ) &
R I BB FEL T 37 b I R T S Y 25 S R



XUk AR T AR G BT AR 09 IC H R 5G RE S HORT LSS AT O

V530 175 T BN 1 R L 0 TR R A K A R DA AR
FBARE FBE LA . SCHK[ 15 ]38k — 4 % R v il &%
I FE M, B T — b O ASE I 3l I 2% B A5 PELASE
AU SE AL AR AR S B E R AW k. -
TR A S 35 il 7 U e 1 BE 2 T g Rl ) £
R A 1 BE , 50K L VR Y R R AR S — Bl RIS PE IR S
556 X B D0 AT LA S0EE i i i B 3R Y R
MAETE T .

1 7 SC Bl A5 3 b, SRk I Y T g 2
iz B QoS i o 1) FH P #1245t W5 0 3l 15 IR &5,
MNO ] B 3 0% 2 5 i X 5 5l i R b e AR T L 3 1)
WTEB TR, FTRE S 8UH ' QoS Z 4. It , 3
il R E AR 6 R — N P B QoS A .
SR, B T JE 0 18] oh A0 R 4, 9 HLW R AL 38 15 ™)
HKYmhag RENRRSEGEEXCRZNO0-14
T, AR AR B AR Y AR LR PR R AR AR R T
U (1) SR fife e B

gE LT ib 2% g B m A oE 2 R R AE LE 1 B R M
SR SO P A A 28k (] A 1 i L )
5EW AT E ST . B, M E# DNO-MNO
W2 B st b Al . Hodh  DNO Z5 5 7% 18 W 1
BAR 5 BL I B AR, LRGN — 1% 4 is 4T E
R, LA R G RGBT AR e Kk B bR Ak B i
il S W s MINO 25 3635 5 1 P (132 17 29 o), 76 s
WAF T QoS WL T, DLRE I, iz 47 A e IR N
HAr, thfb 3kl o Riz 47 €. HW x5 T2
MNO K 5 ] B2 485 R A7 A A Y IE 2 v 29 o DL i
T SR it 1 1) R, o A5 TR0 Mot oy DA 3 0 558 1
FI ok R X2 A A I 3 — b 3 AT AT
01 B B 1k S AR Y A R R . SR R 3
T 9 38 4 vk 19 DNO P MNO BUZ T 5l #5675
KSR L . B a6 A SO R O sk 3R AT
AT

1 DNO-MNOXEEFIEITIESR

1.1 EEIEEKIER

FEF 30 {7 B Ak [R] A% 9 e L 0 5 560 H Rl
s A R AE 28405 )2 DNO 5 1 2 MNO # A4~
TR, B 1R H Bhis 47 R R HE R

12 DNO i g 3 i s Y R 58 R R N — 1
B A As A A DU A TRl i 5 2 1) 25 S Ak Y il 1)
AN R BLL 5] T TR X N 35 (0 FH BEAT A, DA
T B35 it 28 %) 71 o R 2 o

T )2 MNO #4356 (09 98 B2 AL, IF 5 i 38 b
B E Y T B R e IR QoS A v 1 3 A5 o Rt aT
5B A IR 55, e MINO ¥ B 355 ol 2 5 2 45 b il {5

[-Z:DNO

ERXE

SGHEGHh SGHLUG D) FAR A TR MG

El1 EsiTHRAEEER

Fig. 1 Overall framework of interactive operation model
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(m%E BEH)
Day-ahead Interactive Operation Method for Distribution Network and 5G Base Stations Based on
Inter-station Migration of Communication Load

LIU Hong', WANG Zhijie', XU Zhengyang'*®, YANG Baijie', LI Junkai', ZHANG Shida'
(1. Key Laboratory of the Ministry of Education on Smart Power Grids (Tianjin University), Tianjin 300072, China;
2. Georgia Tech Shenzhen College, Tianjin University, Shenzhen 518055, China)

Abstract: Current research on 5G base stations as flexibility resources to participate in power grid interaction mostly focuses on the
utilization of energy storage resources of 5G base stations, ignoring the regulatory potential of 5G base station communication load.
Therefore, a day-ahead interactive operation method for distribution network operator (DNO) and mobile network operator (MNO)
based on inter-station migration of communication load is proposed. Firstly, a DNO-MNO dual-layer interactive operation
optimization model is constructed. In this model, DNO is an incentive strategy that comprehensively considers the system network
loss cost and the incentive cost of the 5G base station, and takes the N — 1 safe operation criterion of the system as a constraint and
the lowest total system operating cost as an objective. MNO comprehensively considers the power consumption cost of the 5G base
station and the grid demand response benefits, and develops the 5G base station power operation plan with the objective of the
lowest net operating cost of the 5G base station. Secondly, to solve the problem that the lower-level MNO 5G base station
scheduling model has non-convex and nonlinear constraints which are difficult to solve analytically, an algorithm based on feasible
domain iteration is proposed to solve the model accurately. Thirdly, the algorithm of DNO-embedded MNO dual-layer interactive
model based on the elitist selection genetic algorithm is proposed. Finally, a numerical case is given to verify the effectiveness and
practicability of the proposed method.
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