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Research on customized allocation method for voltage sag mitigation equipment considering
multiple stakeholders on the supply and demand sides

ZHANG Yikun, HE Yingjie, LIU Jinjun
(School of Electrical Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To address the challenge of aligning the diverse interests of multiple stakeholders on both the supply and
demand sides in grid voltage sag mitigation strategies for distribution networks, this paper proposes a customized
allocation method for dynamic voltage restorers (DVR) and distribution static synchronous compensators (D-STATCOM)
oriented toward multiple stakeholders. First, based on the heterogeneous distribution characteristics of voltage sag events,
the unquantifiable and nonlinear relationship between mitigation effectiveness and investment cost is analyzed,
demonstrating the necessity of a multi-objective optimized configuration scheme. Second, an allocation strategy is then
proposed to reconcile inter-stakeholder differences in mitigation-investment preferences while ensuring intra-stakeholder
demand consistency. A multi-objective optimization model is developed that incorporates both investment cost and
mitigation performance. Given the high non-convexity of the proposed model, a multi-objective snake optimization
algorithm enhanced by an elite opposition-based learning strategy is employed to obtain the Pareto optimal solution set,
and a fuzzy decision-making method is used to select the final configuration scheme. Finally, case studies are performed
on the IEEE 34-bus system, and the results confirm that the proposed method effectively integrates the diverse interests of
various stakeholders, enabling a coordinated and customized optimal configuration of voltage sag mitigation devices.
This work is supported by the National Natural Science Foundation of China (No. 51777158).
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Fig. 1 Distribution of voltage sag events
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Fig. 2 Tolerance curve of sensitive equipment
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Table 1 Locations and tolerance parameters of voltage

sag sensitive equipment

A E/pu. RREEETA/ms

B R AP
win U T T
PC 5a,5b,23a,33a,33b 0.48 0.63 50 110
ASD 5c,11a 0.71 0.89 5 20
PLC 5b,23b,33a,33b 0.46 0.76 30 380
FL 23a,33a,33b 0.22 0.62 10 55
ACC 5c,23a,23b,11a,33a  0.47 0.6 10 100
PV inverter 3a,8a 0.4 0.72 10 20
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Table 2 Occurrence probability of different fault types

Wikadeh  PEARMEND ARG
% 2 IR =M
MERR SRR K K
KRR 0.04 0.17 0.06 0.73
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Fig. 5 Voltage sag distribution of bus 5
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Table 3 Parameters setting for EMOSO

ZH il
TYRE 0.25
TR EE R 0.6
i/ B M 0.6
T A = 1500
RN SRR B 100
AR 500

HIRTA P AE— MR 3 B Rk &I DVR %%, JIF
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Fig. 6 Investment cost and mitigation effect of user 11a
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Table 4 Investment costs and mitigation effects of

Hy (@)= (26)

different benefits agents

H2 E Ak a4 7 SfulT6 S
(3a} 0.1 0.9 238 878 0.24
{5a, 5b, 5¢} 0.3 0.7 777 330 0.79
{8a} 0.1 0.9 228 699 0.35
{11a} 0.2 0.8 322 480 0.66
{23a, 23b} 0.1 0.9 370 921 0.19
{33a, 33b} 0 1 356010 0.04
ey 0 1 752112 227
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Table 5 Comprehensive allocation scheme that balances

investment costs and mitigation needs

LA E AR A
3a DVR 183 kVA
5a DVR 126 kVA
5b DVR 239 kVA
5c DVR 249 kVA
8a DVR 172 kVA
lla DVR 273 kVA

{23a, 23b}_Fiit DVR 325kVA
{33a, 33b} ¥ DVR 309 kVA
12 D-STATCOM 0.8 Mvar
16 D-STATCOM 0.9 Mvar

LA 11a R0 2 H ROt ib SEms i fe bk
P RIFRIGEERNZHH P SARFI A 15.94, DA%
W 0.2, 0.8} 2 5VE TR A MK G, 223 DVR
HEN273KVA, ¥ 322480 7, XN SARFI A
0.66, BARIGFLNEE T 95.85%. (HUNH 4k st
W% HE SARFI B{KZE 0.003, 7 E#EH
982 481 JG, BLEFFETE AN 205%, (HAHRE
AT E AT 4.13%, FEEIRBCEALY. BT
W RN SEBRIA B TR SR I 18, R EE
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Fig. 7 Comparison between the investment costs of the proposed

method and traditional local mitigation methods
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Table 6 Comparison of different allocation schemes

fic B HEmE SARFI BB A TT
B 1 2.08 5194 823

ATk 1.96 2902 834
R 2 537 2503 948

AR 3.18 2 492 840
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swarm optimization, MOPSO)ZEAT%f tt, KA C $8¥x
BEAL T S BEIRARPEREC Y, C HR bR TR
AN RAEMRER I SCILOC R, AR HH T B 7 221
. wa' fla’ APARFERTHT, W C 85
TR Q)R

1 1. 2 2.2 1
Caa?) = |{aa ea;dq, ca;a, <aa}|
) =

(28)
o]
Xp: Cl@ @) AfpEa' ST o’ 1 C Fatrit 5
1, RNME o TR o R
R o' PR AT o) NIRSE & TALE AT AT
%;¢<@%ﬁﬂﬁ%@meﬁﬁhhﬂﬁf
FRARIE. Cla',o®)HlK, R a' FIFBRAL,
# C(a',a’) =1 I RIRREE o' 7CAa I o F I FT
B
439348 EMOSO 5%, MOSO %%, MOGA
LUK MOPSO k14T 50 IRILLRE R, 152 4
HAXF NI RICATE '~ &~ &« o . #IT(28)
HHEAF C12(a',a’). Cl3(a',a’). Cld(a',a’)
B UL I SCEEE 1 C febnfE, o fth ol 8
Fr7R o

[ 1EMOSO > %t b
1.4 [CZIBMOSO <xfHL 5%

I

CHRbr
[=)}

0.2

Cl2 C21 C13 C31 Cl14 C41

8 C IR fxitt

Fig. 8 Comparison of C-index distribution
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Table 7 Comparison of running time of different algorithms

JEATIN[A]/s

PREES
EMOSO MOSO MOGA MOPSO
1500 98.24 159.63 159.58 124.46
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