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An SVG optimal configuration method for enhancing small disturbance and transient voltage
stability in a receiving-end power grid with a high proportion of renewable energy
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(1. North China Electric Power University, Beijing 102206, China; 2. Economic and Technological Research Institute,
State Grid Shandong Electric Power Company, Jinan 250001, China)

Abstract: Because of the weak supportive nature of new energy generation equipment, it is difficult for the voltage
support capability of the receiving-end power grid with high penetration of new energy to meet the requirements for
system safety and stability. Addressing the inadequacy of existing SVG configuration methods to fully enhance both small
disturbance and transient voltage stability, a comprehensive optimization method for SVG configuration considering both
aspects is proposed. In the first stage, the total investment and operational costs of SVG and the voltage stability margin
during small disturbances of the system are considered. In the second stage, the impact of SVG access on transient voltage
stability margin of the system after faults is introduced. Then, the optimal configuration scheme is obtained using an
improved ideal solution method based on combination weighting and relative entropy distance. Finally, the PSD-BPA is
applied to analyze a case study of a high-penetration new energy receiving-end power grid, validating that the proposed
configuration method can effectively enhance the voltage stability of the system through SVG.
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objective particle swarm optimization, MOPSO). % H
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MOGWO) . 5 — A Al 3 i #F J 36t 1% 5 7% (Non-
dominated Sorting Genetic Algorithm-II, NSGA 1I).
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Fig. 7 Pareto frontier diagram of output of first-stage

planning model
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Fig. 8 Pareto optimal set obtained by four algorithms

*= 3 ZERMHERLRERTLE
Table 3 Performance comparison of multi-objective

optimization algorithms

0 MOPSO MOGWO NSGAII NSGA 111
GD™"! 1.5097x10%  2.1294x10*  1.8251x10*  1.7212x10*
mv* 0.5597 0.5510 0.5432 0.5600
IGDP  2.8982x10°  5.1190x10°  1.6322x10°  1.0099x10°

Spacing®™  4.1624x10°  6.2596x10°  5.1194x10°  5.6254x10°
Time/s 9.5278 296.8833 2682228  272.35416

1% AR P 2§ (generational distance, GD)&R1E | &
RS, GD fEBR/N, BRSPS H R
R 48 b (hypervolume, HV)Fl Jz % tH AR #F 5 (inverted
generational distance, IGD) #f [F] i ¥4/ 592 B W 8%
PERZAENE, HV BB FE SR & PERe kT,
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A i 31 A 1) B /DN R S PRI 22 , Spacing {H ek /)y
RSB RIS ] Time NEILIZITHA . B
F 3 AHL, ARSCRH M MOPSO Sk A 4745
BIERE, FERIEISIME . AR AR AR S
EEE TS . B MOPSO {8+ 47 1H AR IE B
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f£ PSD-BPA ARG TAR M A . Horp
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AW ETT o R A F AR e B 5 ) 4 A e
W SEBRBIT4 K, —n R HIEER©0.8, 10)°1, (075,
P (0.95, 60). FIFIRQ7)iHE & &1k T BN &
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Pareto i [F] ¥4 B R 46 TEAf R RS

BT L F BN 3 DRI E AR RNk
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JEREML f,>SVG BREHBAT UK £, AHXTE
BRI N r, =14, 1, =16, AR
TR EAE IR 4 FoR .

4 BIEITEE
Table 4 Weight value of each indicator

s FEM g9 Lity
i BUOEM BUEM bUEME
SVG R IBAT M A 0.2066 0.6046 0.4079
RGP T ERR EMEE 0.3306 0.0319 0.1186
RGUFAM RIS 0.4628 0.3635 0.4735
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Table 5 Schemes for SVG configuration

. SVG £\ &/ Mvar
SVG #AALE - .
VER! J5 %8 2(840) VEX
Busl?7 0 289.25 300
Bus20 300 0 300
Bus22 293.75 299.85 300
Bus4 0 0 300
PR LES! HE2 UE X
SVG # g7
e - 4278.30 4264.55 8593.00
ST TG
RGUNTIR
o 204.45 203.66 222.49
R AR SE AR R %
RGBT 3.5164 3.5164 3.5164
R SRR LG 1.1550 1.1580 1.0904
REERAE
503.1385 510.4890 727.8706
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Fig. 9 Diagram of the extent to which scheme 2 improves the

system transient stability margin better than scheme 1
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Fig. 10 Diagram of the degree to which the optimal scheme

improves the transient stability margin of the system
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