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Active Distribution Network Expansion Planning Considering the
Dispatchable Potential of SG Base Station
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Abstract: With the rapid development of information and communication technology, 5G base stations (5G BS), as high-density and
high-energy-consuming load nodes, present both opportunities and challenges in the expansion planning of active distribution network
(ADN). An ADN expansion planning method considering the dispatchable potential of 5G BS is proposed. Firstly, based on the com-
munication load rate of 5G BS, the backup battery of the 5G BS is dynamically divided into minimum backup capacity and dispatch-
able capacity. Secondly, to address the uncertainty of distributed generation (DG) output and load demand, a clustering algorithm
based on variational Bayesian Gaussian mixture model is used to construct typical daily scenarios. On this basis, with the minimum
annual comprehensive cost as the objective function, an ADN expansion planning model considering 5G BS dispatchable potential is
established. To improve the efficiency of model solving, the second-order cone relaxation method and the Big-M method are used to
transform the model into a mixed-integer second-order cone programming problem. Finally, based on the Portugal 54-node simula-
tion analysis, the feasibility and effectiveness of the proposed method are verified.

Key words: active distribution network ; expansion planning; 5G base station; dispatchable potential ; variational Bayesian Gaussian

mixture model; mixed integer second-order cone programming
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ki(jik) e 0, ix(ij) e 0,
Vier S Vi = 2(RPy o, + X30Q0;,) + (54)
(RS + X, + M1 —x;)
Viet Z Vi = 2(RyPy o+ X;0y,) + (55)
(Rfj + X,.Jz-)ll.i‘s‘, - M(1-x,)
H[2P,,,S,,2Qij,mz,,._s,, ~v ]| <t v, (56)
2

T R R (39) F S L I 29 R (40) 73
TSEROA -

Ul<v,, <UVie (57)

0<1;,, Y(ij) e (58)

51N FERIAR B AN A 5O, OLTC il
ST L (48)—(49) b I L FIE .

S(xf}+x,-j)ﬁ

i

Krps?, e{0, 1}, 52, = 1% tBf Bt OLTC il 3k #4
fMJEKY, s, = 0F/R OLTC LA K.
2, R4S MISOCP A

min F = C™ + C° (60)
AR LR RH: 2 (27)—(29)
ADNMZE S ZY TR 30 (30)—(34)
Bl AR T2 X (35)—(37) .50 (51)

L.

) ADNIEFF 2 A2k 2 (57)— (58)
Distflow il i 295 3 (46)— (47) . 7 (52)— (56)
ADNFE N E LR, 7 (50) .3 (59)

(61)

4 EHISH

AR 3CR A Portugal 54715 5 50 I I #1075 119
AR, B B T B LA BEEE R Intel i7-
12 700 H, F 4k 2.70 GHz, Wi K 16 GB, 7F
MATLAB R2019b {jj V- 5 i 1] YALMIP T H .4 i
FH Gurobi 11. 0. 0K f##R 17K f# .

4.1 BHHEE

Portugal 54 7 ;i R G K4 76. 3 MW, 1%
ARG S8 W SCHk [26], O HL R S B0k B
mFEe

1) 2R 55720 F il 8

B PR A P R B R Ol 35 5 JT/km ;. HTIHAE
FRM20a, TR NG6 %, A8 s v @My 20
MHXESEWFR; PrIHER K20 a, FrERENT %;
W L LA 22 TR M5 OLTCIE | i
TR 9 R, JETERY 0. 95~1. 05 p. u. .

2) DG %#

WTG RFpE 2395 5 9, 18, 20, 39, 44 fll
47, PRI R IR HA 6 000 JT/KW, B HE IR
BETR AN 0. 03 J6/kWh, 3 KUAETT LA M 0. 56 7T/
kWh, FrIHAERR K20 a, FrEE R T%; PVGH%
BN E N6, 13, 16, 24, 338149, Al 7R
Bk 4 000 JT/KW, LA HL 532 2E 3% R 0. 02 78/
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Tab.1 Parameters of substation

IR ATy R BRI OT dEdr 2 O

AR LI

MVA MVA I Teea )
S 16.7 16.7 750 1.5
) 16.7 13.3 600 1.5
S3 0 2.2 1100 2
sS4 0 2.2 1100 2

kWh, FEFES AR 0. 4 70/KWh, FFIHAEFR H 20
AR, PTIEN 10 %o DA T 8 B R i A
0.95 2 #4H0. 95,

3) 5G i HdE

5G RN A XS EOIEN R 2, BRI 5G 4
SRR S —B, FEhtRE F T AR /N A HL S ) S —
A 3 h; Portugal 54 77 & 54 i) X 38 11 £ 29 4 20
km’, B 5GHEUEHE w25 M km™ Y, S
P e M A 4 15 MWh; BORIEE X . X,
Pl DX RN 21X 4 b L8050 15 67 48005 P Y 5G ko
PEAN EECE LA %, 37 %, 15 %5 %,
5G Huli i A B 534127 SCHR[28-29 )5 DNO [1] 5%
PR 2 55 0 32 119 £ BE R B S AT IR 3 AR WG 2% B R 0. 25
JC/KWh,

*2 S5GEMIEESH
Tab. 2 Parameters of 5G BS equipments

W 25 gl
F 3l it B L T A 25 /K Wh 30
L g BEP) 4f HL f/kWh 15
fiffE Rt
e T P G e 6
FEIL AR 0.95
Fl HE) R kW 2.4
R N
LU i KR SR kW 3.6

4.2 SGEMLFRABHEBEITHER

RAEET X A Bk X AREEIX 4
R 5G B uliiE {5 e, 153 5G F ik & it g
TP AL 5 S SG FE 5 F it 8 45 e B mT A B L i
WK 2—3 i .

ME 2—3 il LI, e 1 28w e B,
TR OR 5G R AR AT REE A RE H A
By, AR B L A TR A R BT B B
R, PR R RS EHETENE,
AN [R) B A X 35k SG 3 sl 1 38 17 7 28K o e Ao B AN RS

FHTA) o IS X R 27 DX 0 )3 15 B 2% g e i B
WAEFR, TR DRI R X 33 14 38 15 £ 28 5 04
B Bl FEME o XA AN [H] 5G FE 0k 25 A RE 11
A R S ) RN 2 ] b LA — i M

4.3 BEBAFESHMELER

LA T X H ) 42 4 8 760 h XU iy [T 52
Bl IR, AR, AN X s 0, B0 B ARG -
K H VBGMM R F AL i 4 B H 35t an &
SHR, £ 3 H 35 AR R R R 1) B0 FIAE R
ML 3R,

SIS SR ] VBGMM 5288 by il
Yy BB, S 2 A8 B9 k-means B3k
P LR B Y s R HEA TR AR XS L o X 2 R R Ty
DR BB H S e R AT T 3 R R A AL e bR
(TR, BARGERINGE 4 iR, SRR B M T
[F]—BLAY H P ARRLRE , BRI 1 AT DB R
Be T ORRILR 22 5 8, UGS s CHA8 bR
e T BB AR, MR, R 4T LA
FH, R VBGMM RAF A i 0y #1784 H 37 54
3P R BEFE AR BT k-means T
ULk, SR VBGMM R BE A 1 N i o S e 1Y)
LAY B 375 50 FIMER , 1 k-means SR H LT &
AT EMA Hig58. Wik, £/ VBGMM K%
TR F LR H 37 50T DA R A BRI = R 1
A, S ADN R R0 £ 45t 5 o 6 A nT Y
gk
4.4 HMRERSHHF

R YAEAR SCHIr$ ADN 9 BRI O vk i A bk
B 2 PRI 7 % .

HET . RHESG I T 8 % 71/ ADN §~
JHL 5

TN . %85G IR BT 1) ADN Y&
FA

BT, SRR TR TS
MESiw, MRGRME 6—7 i, BEAMRIZ,
BnFE6inm, NESTLUE, HESGHIES S
A s, R K DT R T HERAETE.
Jr% 14 ADNAEZ55 9 o 10 272.4 T30, HJr
Z 1WA T 1515778, FEIRA1.47 %, [FAlEF TNO
i it 2 5 ADN PR Ak A AR P8 45 0 45 O 205. 9 7
JG, SZPLT DNO 5 TNO 1 H 3 i

Xf LA L IR S AT LA, % T X AR
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Fig. 2 Evaluation results of 5G BS backup battery capacity
COR¥FIX x4 BEFIMEERITEE
6.0 X 169 . . . .
§ gl AKX 3 Tab. 4 Clustering effectiveness index comparison
= O e . <l R¥rk  JURHEGE RERN DBIEKE  CHIE
= L —o— HLyk A faf = =
a0l aH HH1403 VBGMM 4 0.2991  1.3012  180.6153
4 el Ogp
% _‘\ 5 k-means 4 0.2304 1.6427 105.9197
= | ol |2
E 30 3'0%‘ k-means 6 0.169 2 1.704 5 83.216 8
Jm
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different time periods
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Tab. 3 Quantities and probabilities represented by typical

scenarios
M A 3 5 K Mg
1 154 0.4235
2 102 0.2801
3 79 0.2156
4 30 0.0809

®5 AER|MARIBADNY RMAXI%EA

Tab. 5 ADN expansion planning costs for scenario | and

scenario Il FIt/a
H FEI ES
75 F i £ 5 9 286. 0817 209. 0817
s ig il 237.981 6 223.1925
WTG £ 9% H 174. 066 6 284.9719
PVG % 2 H] 634.5124 808.418 5
DG iEF 744 3% H 121.4393 186. 829 6
FERIESI ] 6.2846 0
FOGIET ] 4.5927 0
] |2 H R g v 2 8959. 035 8 8 354. 004 6
TNO4E A% 2% ] 0 205.944 9
ADNAEZREG 24 1] 10 423. 994 6 10 272. 443 7

FLZ iR 3.6 MW, PVG L% & 4 13.5 MW,
DG 7R 3% H 0 808 Ji ot H % I WTG 2 HL%
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BRI N 1093770, HENDGEREF R TE
[ Z6MW, Uil% & 5G 2l ] 6 B & ik e S 5

UNWIRAS L [N AR, [ AR — IRk Bk
W WTG P PVG — BRI

E6 77X | HMUER

Fig. 6 Planning results of scenario |
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Fig. 7 Planning results of scenario I
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Tab. 6 ADN expansion planning results of scenario | and scenario Il

Lk 7 3o
A AW SR WTG 5 15 (4 /KW PVG 5 25 (45 /KW
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X 35 119 5G FE vl 7% H At REE 4 Fh LA H 3755 F ¥R 117 H,, BEMSIEIE XU TH 4N . 7F 08:00—12:00 Fl

M T AR e, WEm R T B SEAR SR . 7E 14:00—17:00 H [A] @ A I BL, SAT R OREOR,

z 40 E%EE 1 e 40y E%EE 128
2 0 2K LU I
= 201 \:|4Jr_1[— 114 = ] 200 EE{F 114
2 Lof b ﬁﬁﬁ 112 2 oL Hﬁ 122
g O B 1108 FER [le 1015
=l R Bl ok
;gi 3.0 | AAEEE {02 ﬁ -30 ¢ 102
#4006 8 1012 141618202224 © B 4007274 6 8 1012 14 16 18 20 22 24
th t/h
(a) MR H 5 (b) MR H 752
2 40 RFK 12.0 2 4.0 RFK 120
S 30| E=ELK 18 S 5[ EmREX 1%
N = A 116 L D) S 116
3 resfrx 114 T 3 EEEKX 114
R HHH EEI R ﬂﬂﬂﬁ 155
& 0 g8 10 2 € 0 1.0 ‘E
= H 108 2 ®=-10[ 108 =
3T 1.0 — Az S — &=
& 20 INANER loa® =20/ HRAHN 128
¥ 30 [HEEE ' ¥ 30 [He=E= 0
= 0 102 = nolD 102
N0 6 8 1012141618202224 © A 4 68 1012141618202224 ©
th th
(c) HTHIZ53 (d) HRI H 7504

B8 5GEuEAMETAERESAHHINE
Fig. 8 Total output powers of 5G BS dispatchable backup batteries
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