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Optimal allocation of reactive power resources in a new distribution system based on the “source-
load” multi-sequence scenario in a “planning-operation” fusion framework
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(1. State Grid Jiangsu Electric Power Company Electric Power Research Institute, Nanjing 211100, China;
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Abstract: “Source-load” multiple timing uncertainties and the steady-state/dynamic diversity of reactive power
equipment in a new type of distribution system (NDS) determine the need for joint optimization of reactive power
allocation and operational regulation. Therefore, based on the “planning-operation” fusion framework, research on
optimal allocation of reactive power resources in the “source-load” multi timing joint scenario of NDS is carried out. First,
based on the development trend of new forms of NDS, a “planning-operation” joint optimization framework integrating
big data analysis, multi time domain operation simulation, and comprehensive benefit evaluation is constructed. Then,
based on capacitor steady-state and DSTATCOM dynamic reactive power equipment operation characteristics analysis,
sequential optimization of location and capacity is determined. A “source-load” multi-scale joint timing scenario is
constructed based on the K-means clustering method, and simulation analysis of NDS operation is achieved in
hierarchical reactive power balance through coordination of steady-state/dynamic reactive power devices and deep mining
of multi-scale adjustment resources. An NDS reactive power “planning-operation” evaluation index system is established
to conduct comprehensive benefit evaluation of the entire process. Finally, taking the IEEE33-bus distribution network
system as an example, a reactive power “planning-operation” joint optimization simulation analysis is conducted. The results
show that the proposed model has the ability to adapt to the "source-load" uncertainty and multiple timing joint scenarios,
and the planning scheme with embedded multi time domain operation simulation is more comprehensive and practical.
This work is supported by the National Natural Science Foundation of China (No. 52207121).
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Table 4 Operation simulation results under multiple timing scenarios
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1 28.5 0.65 97.32 100 3 47.65 49.14 100
2 28.5 1.01 96.83 99.98 4 45.67 45.45 100
3 28.5 0.56 97.27 100 2 53.44 39.05 100
4 28.5 1.39 96.85 99.97 2 44.54 43.23 100
5 28.5 0.8 97.4 100 3 48.78 39.022 100
6 28.5 0.67 97.4 100 4 40.67 46.78 100
7 28.5 11.61 86.37 99.43 2 53.89 51.89 100
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14 31.6 11.87 86.18 99.43 6 54.46 50.679 97.54
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18 33.8 1.46 96.54 98.96 4 45.17 43.23 100
19 338 1.05 96.79 99.38 5 49.55 41.08 99.56
20 33.8 1.16 96.88 99.47 3 41.29 48.87 99.89
21 33.8 12.14 89.84 98.41 8 54.34 53.56 97.54
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TR, BREEISE R AR, Rl RIEE] 40%
I RN LA TR e KA, JCHE A FOLIRAE
IR, IR EELLEGY, D
RAE BRI o5 PR R,y R B TE D) 1Y
SERENEETIEREAL, DA B REIL#
ST A DR IET S TEUE 4k

M 2% EAGENIE BN 5, BEENDS A i 1
KEFREIRZIERIRTE, DRk Kigign, &
B2 G BN AR B A RFAEIZ D W, 7 R
LR LR TT AN EAT) e T A WA 45 LAS A5 Dh T Dy o3 A

MRS SRR BN S, AL
TRIFAE 50% /e, X5 TAg FOKFAH— 2, BIFE
e Vg EEL BN BOIE T i s KRN, (R I BUs
A —E RN E, X HE1F NDS A D) LA Ie A7
UKW, AT DA 5 I A% RS Th o Ao 5
(A A AR T S AT . R 8—
10 fEFFAS S SIS BRI R OL AT A, 5t 9
SEBR MR R R, MAISRGEHNT T3 8
WA, XA T 0 A Y, REKERES
T BE ARG L KFEF R MELZT, W5t
10 FEFF A AN B A TE D BE o5 F O Tl 34 I e I,
TR SR R RREEAR. NS
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S SCTH ) AR SR KA 73 A 2T RE Y 2 ANDS
R T IS T, T “ BRI AT 7 Rl HESE
R P RPAN RTINS [) ]URE o) S Al Rt AT B 8, R
% BT D AMaE LR PR G B XOUR AT . A
JIT S AE 8 S8 W R D A BIF SRR Th e T B R R
R\ s TRIRIAL B, R IRNDSIZ AT 25
TR S v 7 L o B MR A1 20T REIR ) 1V 40
KV AR T DR EIERT LM, SN T
ARA AT WA BT HL K BB IRIS A R B AR T
R DXCIRIE L R R SR

ETREAR, ASCEREEIBITHLLA 5L
I A SABR I B, FE— i RE L L R R 5
SRS ) A 3 5 R I, R SRORE 3t — 2B A
CRZEHELR N IR TR, B
R HOE . KBRS G I A RN P Is AT AR AL, DA
RTHTT T HIAE L . Bribz 4h, B8 NDS
BL RV, KE AT R B B AT/
P SRR AT, T2 5 1 “ Y- -
fitt 7 AT, 4575 RE A D R A AL,
DA EE T S R E o O P E S B2 5
NDS UMz 5SROy “Hikl-z
57 AT R T T o

Ff3% A
M E-T BRASHFISR
Table A1 “Source-load” joint multiple time series scenarios
- T NGL T TN BRI li’J LPEJQ S .
MW H71/MW H71/MW R /%
1 32.37 1.304 13.02 142.28 38.98 BIBER 20%, IEW Ffr g 10%, 1EH
2 34.98 1.345 12.98 18.58 5.09 BIBER 20%, IEW Fii A 10%, ZE3
3 30.87 1.323 12.87 18.91 5.18 BIEE 20%, IEH TG 10%, BRIk
4 30.32 1.456 8.416 61.21 16.77 BIER 20%, WX/ Ffi K 10%, IEH
5 30.37 0.732 13.60 64.90 17.78 BB 20%, WNEK FUTIE K 10%, 1B
6 31.31 0.732 8.416 38.47 10.54 BIER 20%, KNG TG 10%, IEH
7 30.54 1.551 13.65 20.66 5.66 BIER 20%, WRIGKR Ffig K 10%, IEH
8 3423 2278 20.02 134.32 36.80 BIER 30%, 1EH Fff i 20%, IEH
9 36.87 2278 20.02 12.78 3.50 BIER 30%, IEW Fir A 20%, Y
10 32.13 2278 20.02 19.42 5.32 BIBER 30%, IEW Fr A 20%, BRI
11 34.23 2.543 12.94 71.18 19.50 BIEH 30%, MR Ff g 20%, IEH
12 34.23 1.278 20.92 64.97 17.80 BIER 30%, K/NGK Fff i 20%, IEH
13 3423 1.278 12.94 41.90 11.48 BB 30%, KNG/ Fufr A 20%, EH
14 3423 2.543 20.92 20.44 5.60 BIEK 30%, MAIEK Futr g 20%, EH
15 36.87 3.11 30.05 131.00 35.89 BIEX 40%, IEH TG 30%, IEH
16 41.67 3.06 30.08 21.10 5.78 BIER 40%, 1EF FUHE 30%, e
17 34.69 3.10 30.47 21.10 5.78 BIBER 40%, IEW i 30%, BRIK
18 37.23 3.47 19.71 69.28 18.98 BIER 40%, WK/ TG 30%, IEH
19 36.88 1.74 31.95 61.25 16.78 BIER 40%, RU/NGR TG 30%, IEH
20 37.27 1.73 19.63 40.66 11.14 BIER 40%, KNG Ffi 30%, IEH
21 37.25 3.46 31.42 20.62 5.65 BB 40%, WKIEK GG 30%, IEH
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