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A source-network-storage collaborative planning method for distribution
networks based on random scenarios
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Abstract: To deal with the uncertainty of PV output and load demand in the source-network-storage collaborative
planning method for distribution networks, a source-network-storage collaborative planning method for distribution
networks based on random scenarios is proposed. First, a source-load correlation probability model is established based
on the Copula theory, and scene generation and reduction is carried out by the Monte Carlo method and K-means
clustering algorithm, so as to obtain the source-load correlation output curve of a typical daily scene. On this basis, to
improve the efficient consumption of PV and the planning economy of distribution networks, studies on the source-
network-storage collaborative planning for distribution networks based on random scenarios are carried out, and the joint
planning model of PV, energy storage system (ESS) and grid expansion is established. Finally, through the simulation
analysis of 25-bus and 54-bus systems in a certain area, it is verified that the proposed method can effectively mitigate the
impact of PV and load uncertainties on the distribution networks, and significantly improve the PV absorption capacity as
well as the overall economy of distribution network planning.
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Fig. 1 Probabilistic model generation flow chart
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Table 1 Scheme setting Table 6 SVC parameter information
HE MY @ PVEIER ESSEhLEZR LWAME  OLTC SVC Pl 25 WH RS 54 TR RS
1 y _ — — — VSRS - -
2 N J — J \ E PR 18 6
3 N — J J \ PZE R RS 18 6
4 J J J J \ TR 4 R 4T 18 6
50 RusMES HMEEVE R /kvar [~200,300] [~200,300]
Table 2 System parameter information *F 7 OLTC ¥ ER
BH 25 WM RS 54 % 5 2 Table 7 OLTC parameter information
AFHA DT E /KW [0,5000] [0,10 000] OLTC Pl 25 WHAS 54 R AR
AR T T 2R Skvar [0,2500] [0,5000] UE SRR SE — —
1 R BRI pou, [0.95,1.05] [0.95,1.05] HR 23 1-22,3-23,14-24,21-25  5-52,6-51,41-53,50-54
YETHZ FI/MVA 10 10 TR 3P RS R 1-22,3-23,14-24,21-25  5-52,6-51,41-53,50-54
SRR L ., | ! TR AR 1-22,3-23,14-2421-25  5-52,6-51,41-53,50-54
ZH W R/kV 12.66 12.66 ;ﬁj;%;i [0.95.1.05] 095.1.05]
ZHE /MW 10 10 S 0.01 0.01
%3 PV EHIEE SR B B 0 0
Table 3 PV parameter information il A
PV R 25 FRARG 54 15 RURGE =8 BRAEE
ﬁ% 1 BB IR 0 0 Table 8 Cost information
ﬁ;’ﬁ 2 g%#&%ﬂﬁm [2,5] [3,8] Tk .
ﬁi 3 k%z&fﬁwu 0 0 PV FFE/(J6/kWh) 3.6
ﬁﬁ£%4kk*iiﬂ?jiv [?i] [5’310] ESS Huf & B AR BT AR/ (J0/kWh) 1270
iR ESS #0754 (L BE A/ (GE/KWh) 1650
R4 ESSBHIER Lt B K P AR A/ (5 76/km) 36.2
Table 4 ESS parameter information 3.2 BEHIHE S
__ESS I SUARE s BRA e 56 MO VAR R 3 U 514
T X X A Copula B MY/, M UL 45 3 1)
e 3 B R Copula B3, LG EETHESRWE 9 Fis.
T35 3 AR IR [1,5] [1,8] - .
sk 4 R (1] (L8] RAER 9 PR, BT HARJTi%, Frank-Copula
AW ; , IR AR SRR RORY S E R, BS54
I 0.9 09 5% Copula [1BR FGRR B 55/« R t-Copula 4G R
TR 1 1 BRI, (H525 Copula FIRK REE K, X
soc EFH [0.2,0.9] [0.2,0.9] FRPHHAE R IATEAE, Ft, t-Copula ANEAE
55 b SHIEE R F 08 555518 4GB Frank-Copula
Table 5 CB parameter information 12%1T§&*E:£%/ﬁ\ ’ U\E% PRI & SR HER @%ﬂﬂ;’ﬁ'ﬂi °
CB Rl 25 R ARG 54 TR A% e @ﬁ%%&f@&ﬁ%F C\Opu}a ﬁieﬁﬁﬁmﬁ
SEAY ™ - - “AE S e MR 0 A BT BENLRAY . 7E I
et . 13 LA, B SR PV 155 8H ¥ 3650
F7 8 4 2 21 13 T N AR M = A, & 8 .
{241 T % var 50 50 FEORER ARG AT T, R eI THE AL
BAHMEAL 4 4 K, B K-means FHRH LK 3650 N
- H N CB (3t it Bl 5 5 I 22 A SN 37 O3 AT 7 R4 . SSE 545 SE FRFR
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Table 9 Fitting degree discrimination of different functions

IEZS Copula t-Copula Gumbel-Copula Clayton-Copula Frank-Copula FEAK
Kendall fX 0.078 0.091 1.457x10° 7.729%107 0.089 0.082
-0. 0. A457x 729x —0. -0.
LEIEEZ
Spearman £k 0.087 0.133 2.936x107 1.169%10° 0.127 0.122
-0. -0. 936x 169x —0. -0.
BT
T
TR 0.842 107.173 2.749 0.226 0
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Fig. 8 Scenario generation
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Fig. 9 Typical scenario generation algorithm flow
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Table 10 Typical scenario probability based on Copula theory

WA H 5 LS
1 0.3907
2 0.0696
3 0.2444
4 0.2953
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Fig. 11 Source-load output curve under scenario 1
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PE BRI F g, AT Aff ORIC FEL PO 7 S0 24 Fot 52
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3.3 25 HRAGHMRIER

AR PV BCELE R, ESS Mt & 45 R AN 4 R
RN EE RR MR e a5 LIS, BLJTE 4,
R ER. Wi 1 MEGIESER, ARTTET 25
WRRGMRI G PV MRIEC B 25 R A ESS AR
BAERSHWHE 11K 12 fin, DSFETE TR
AXTE AN 13 s

R FARBFRTPVHAREELR
Table 11 PV planning and configuration results

in different schemes

. N RAE MR/
RY ik T
MW MWh
25 HR?2 10,12,19 9.85 7019.54
B EX 10,12,16,19 11.82 9502.61

#* 12 FEIFET ESS MAIBLELER
Table 12 ESS planning and configuration results

in different schemes

2 B2 SR
N N SR SRR
R TR R

T3 /KVA kWh
2594 TTR3 5,16 1100 1600
R R4 2,117 1700 2200

®13 FRIBRET 25 TRAGHXIFRAITEE
Table 13 Cost comparison of 25-node system

planning in different schemes

UER! UEY) VEXIE X

ESS %% WA/ Ti T8 0 0 2273 343.13
BN R/ 0 1354.24 0 42.64

DX ZE47™ i J A/ T3 618.24 589.23 64023  589.26
BLHEMZEA A/ G 618.24
RIS ] /s 145.27 269.27 194.94  846.69

1943.47 867.53  975.03

HHEE 11 A5, AHECT 7% 2, TTR 4 PV %
R ESET 20%, FCHMH PV B R R INZ)
3537%. R 13 0] Hl, HE2. HERAMBTHE
1, FLHZEA A AT 2 214.36% 57.71%01]
THOLT, PV B3 E =S MM T 9.85 MW,
11.82 MW, &R L EAR 771 i 0 3802 7019.54 MWh,
9502.61 MWh. 7% 2 BIF SISt & 4 &=,
XAEHT PV M A EIRFHEE A & H %3 ESS.

HHER 12 af %0, AT HE 3, HE 4 F ESS
1) 2 B AE TR ARTF L) 54.55%, M 22375 84T
37.7%. W 13 7151, HE 3. HRAMERTHE
1, TERCHMZEG R AP 40.32%. 57.71%
PTG OL R, ESS S22 550 HilH 0 B4 %) 1.6 MWh,
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Fig. 13 Bus voltage distribution under scenario 1

in different schemes
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Copula P i #4) 7 P4 5 fir B 25 AH 5% 1 M 23R A58 70 A g
ISR H 375, A8 52 D/ N E A AN 5 P X T R )
ISR, SR H R0 PV 3E R AR 5 W N RE
BT PRI 2R B A, SR B i 4 T

2 VR Aar I BLHEMLES PV %% PVEAH
LiEBSERTE WA TG AEMW E/MWh
VED! 618.24 0 0
o HE?2 1943.47 9.85 7019.54
= E X 867.53 0 0
EX 975.03 11.82 9502.61
UE B! 624.25 0 0
= EY) 2165.97 9.06 6661.62
HE3 906.87 0 0
FE4 1193.95 11.397 8716.16

3.4 54 R RGARIE RS

AFTTHT 54 71 i RGNS ) PV R0 G &
S5 R AN ESS MURIC B 45 SR 70 Wk 15 MR 16 B
ANRITT 2N B A Fn gk 17 s

R 15 PR 1 FEFRET PV HRIEELER
Table 15 PV planning and configuration results under
scenario 1 in different schemes
TRRE MRHE/

RY ES AT
MW MWh
sS4l HE?2 22,26,43 17.37 14 103.26
EH EX 3,25,22,27,43 21.73 17975.25

F16 HR 1 FEIGRT ESS ML ELR
Table 16 ESS planning and configuration results under

scenario 1 in different schemes

. R MR RRE
R S AN,
)% /kVA /kWh
54 E ] 8,25,37 2000 2600
TR 4 8,19,32,34 3200 4200
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Table 17 Cost comparison of 54-node system planning

under scenario 1 in different schemes

VEIUE Y T#E3 Ti% 4

ESS #5 iAot 0 0 354.62 478.16
FOCENI AT 6 0 2088.36 0 102.35
ML @A/ E 137524 1366.61  1469.27  1284.51
FCHL I SES A/ It 1375.24 345497 1823.89  1865.02
SR (/s 76920 12146.62 1289.46  1753.08

HHER 15 AT, AT TR 2, TR 4 PV 1%
BEREPRTHZ) 25.1%, BLHEME PV R KR H I
%) 27.45%. B3R 17 7L, R 2. HE 4 HERT
FE 1, {ERCHEMZEA A MR FZ) 151.23%.
35.61% 5L R, PV I 22 25 25 & 40 il 3 m 1
17.37 MW, 21.73 MW, SR HEEWMSHH 0 #in
F] 14 103.26 MWh. 1797525 MWh. 5% 2 5%
TR AR 4 &, X 2R T PV FMEERAE
WA A %34 BSS.

HHEE 16 nl4n, MHET 7S 3, THE 4 # ESS
) Jsh 22 BERLAE TR PR T2 70.27%, M2 3 7w BTt
64%. FHER 17 vJ50, FHETHE L, HE3 HE4
TERC LN ZRA A 73 3R T2 32.62% 35.61% 11
LR, ESS EVZIEAR R H 0 BENE] 2.6 MWh,
42 MWh. 7% 4 ) ESS B AL TR 3 &, X
FEHT PV AR TIE K T X ESS (7K.
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Fig. 15 Planning results of the 54-bus system in different schemes
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Fig. 16 The 54-bus voltage distribution in different schemes
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Fig. 17 Distribution network comprehensive cost

and total PV generation
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Table 18 System comparison before and after considering the

source-load spatiotemporal correlation scenario

2 YR I 2 BLHMLES PV %% PV iak
AHIR P 5t IR FRASJioG A E/MW HE/MWh
UESD! 1375.24 0 0
o VEY) 3454.97 17.37 14103.26
* HE3 1823.89 0 0
EX 1865.02 21.73 17 975.25
VES! 1441.24 0 0
g VEY) 3506.60 16.24 12 462.55
E 3] 1923.49 0 0
EX 1983.69 20.62 16 953.81
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