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Table 1 Voltage improvement condition of partial
key buses in system by connecting compensation

device to different candidate buses

AMENE Ans, An 6 Ang Anyy
R 15 29.389 30.896 29.485 7.657
gk 24 29.386 30.889 29.471 2.299
2k 16 29.381 30.878 29.469 2.041
2822 29.377 30.834 29.464 1.695
RE£L 23 29.375 30.813 29.461 1.674
B2k 21 29.370 30.792 29.459 0.487
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Table 2 Economic parameters and investment cost of

dynamic reactive power compensation devices

PR BRI S sl /s Her s
[$-Mvar']
svC 10 1.3x10’ 3x10*
STATCOM 10 2.6%107 9x10*
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Fig.2 Reactive power compensation effect of

cach optimal scheme
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Table 3 Evaluation results of each optimal scheme in

improved IEEE 39-bus system

UES g, (/8 WG 3T
1 4.250 1.991 % 107 0.476
2 5.789 1.748 x 107 0.524
3 4.690 1.901 % 107 0.599
4 5.375 1.789%x 107 0.632
5 4.529 1.935% 107 0.535
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Table 4 Compensation effect of scheme to be

configured in IEEE 39-bus system

L

Wi K oo S(1-P) D,
e=1

e=1

1 WT.1 PV.1 0 3.989
2 WT.1 PV.2 0 5.375
3 WT.1 PV.3 0 5.413
4 WT.2 PV.1 0 9.551
5 WT.2 Pv.2 0 9.786
6 WT.2 PV.3 0 9.845
7 WT.3 PV.1 0 12.321
8 WT.3 PV.2 0 11.849
9 WT.3 PV.3 0 11.629
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Table 5 Evaluation results of different

optimal compensation schemes

Hey B ¢ e T30
1 STATCOM+SVC 7.633 1.558x 107  0.905
2 STATCOM+SVC 7.914 1.544% 107 0.897
3 STATCOM+SVC 10.203 1.376x 107 0.872
4 STATCOM+SVC 9.730 1.446x10"  0.845
5 SvC 11.978 1.237x107  0.831
6 STATCOM+SVC 6.285 1.719% 107 0.789
7 svC 14.134 1.230x 107 0.679
8 SvC 14911 1.224x107  0.635
9 SVC 16.829 1.210% 107 0.540
10 SVC 17.261 1.207x 107 0.521
11 STATCOM 1.170 2274x107 0479
12 STATCOM 1.836 2.236x107  0.474
13 STATCOM 2.277 2208%x107  0.473
14 STATCOM 2.593 2.193x107  0.468
15 STATCOM 3.159 2.157x107  0.466
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Table 6 Final configuration scheme of dynamic
reactive power compensation devices in

regional power grid

M WAl WAL / Mvar
4% 50 STATCOM 235
BE£E 55 STATCOM 200
RE£L 48 SVC 211
128 52 SVC 193
4L 51 SVG 205
14 49 SvC 155

x7 RERMAPRLRETRHIMEBR
Table 7 Compensation effect of final configuration

scheme in regional power grid

L

v v Y(1-Py) Dy
e=1

e=1

1 WT.1 PV.1 0 20.374
2 WT.1 PV.2 0 19.783
3 WT.1 PV.3 0 24.761
4 WT.2 PV.1 0 1.637
5 WT.2 PV.2 0 1.519
6 WT.2 PV.3 0 1.961
7 WT.3 PV.1 0 6.731
8 WT.3 pPV.2 0 3.787
9 WT.3 PV.3 0 4.305
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Dynamic reactive power planning method for power grid with high permeability
wind power and photovoltaic considering transient voltage stability
XU Yanchun', JIANG Weijun', WANG Ping',MI Lu’
(1. Hubei Provincial Key Laboratory for Operation and Control of Cascaded Hydropower Station,
China Three Gorges University, Yichang 443002, China;

2. Department of Electrical and Computer Engineering,Texas A&M University, College Station 77840, USA)
Abstract: Along with the gradual increase of permeability of wind power and photovoltaic in power grid,
the transient voltage stability problem of power grid becomes increasingly serious. A dynamic reactive power
planning method for power grid with high permeability wind power and photovoltaic is proposed considering
transient voltage stability. A regional transient voltage safety margin index based on voltage two-element
notation and a benchmark scenario for reactive power planning are constructed. A layout method of dynamic
reactive power compensation device is given based on the proposed index,an optimization model of differen-
tiated dynamic reactive power compensation is established, the multi-objective grey wolf algorithm is used
to solve the allocation capacity,and a technique for order preference by similarity to ideal solution method
with improved entropy weight is adopted to screen out the scheme to be configured for dynamic reactive
power compensation device. The perturbation method is used to determine the final configuration scheme,
which ensures that the obtained planning scheme suitable to all scenarios. The simulative results of a
modified IEEE 39-bus system and an actual power grid verify the universality and rationality of the pro-
posed planning method.

Key words:high permeability wind power and photovoltaic ; transient voltage safety margin index;benchmark

scenario; differentiated dynamic reactive power compensation; TOPSIS method with improved entropy weight
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Table A1 Simulative parameters

HESH #E

[0.80p.u.,10s] , [0.75p.u.1s] , [0.70p.u.,0.2s] , [0.65p.u.0.15] ,
FZAYEBE—JTR

[11pu.,12s] , [115p.u,0.1s] , n=4 , m=2

39 BREAFHXEERNAUE N=39, Ng =39, By=1

X RMAIXIEERRIE N=8l, Np =48 , B,=0.66 , N, =33, B, =034
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Fig.Al Improved IEEE 39-bus system



< A2 #HHY IEEE 39 PR ARG H X ARIAESH

Table A2 Typical scenario parameters of wind power in improved IEEE 39- bus system

HE 1= BIdH/Mw
WT.1 0.156 1 0

WT.2 0.683 7 564
WT.3 0.160 2 1790

& A3 BUHERY IEEE 39 TR ARG HARARIZEH
Table A3 Typical scenario parameters of PV in improved IEEE 39- bus system

mR = BiHh/mMw
PV.1 0.0216 3

PV.2 0.8514 529

PV.3 0.1270 1250

R A4 IiERY IEEE 39 IR ARG H &I RH R G REERER BB

Table A4 \oltage stability margin index of each scenario in improved IEEE 39- bus system

mE DUSER SIS JeREET = Bin
1 WT.1 PV.1 2.049
2 WT.1 PV.2 102.815
3 WT.1 PV.3 18.482
4 WT.2 PV.1 1101
5 WT.2 PV.2 57.309
6 WT.2 PV.3 30.178
7 WT.3 PV.1 0.168
8 WT.3 PV.2 7518

9 WT.3 PV.3 1.544
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Table B1 Central value of each bus

2352 (5254 B He 5254 B”
1 39 0.047 14 24 0.017
2 16 0.043 15 28, 17 0.016
3 6 0.042 16 27 0.015
4 29 0.037 17 23, 33 0.014
5 10, 22 0.030 18 32 0.013
6 2, 35 0.028 19 18 0.012
7 4, 25 0.027 20 34, 31 0.006
8 8, 5, 19, 26 0.026 21 1, 37 0.005
9 21 0.022 22 9 0.004
10 3, 11 0.021 23 38 0.003
11 7 0.020 24 30 0.002
12 19 0.019 25 36, 20, 12 0.001
13 14, 15 0.018

[E Bl BU#tEY IEEE 39 TR ARG H &R EHMIE TH 2 M 2B ER T

Fig.B1 Bus voltage waveforms of whole grid under most serious fault in improved IEEE 39- bus system
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Table B2 Candidate bus set under each sensitivity index

1RER RS 1RERBE5RS
He , R :
N XHk[22] k23] 5! Xik122] XHk[23]
1 15 24 15 16 4 7 8
2 24 21 23 17 8 14
3 16 16 22 18 7 4 4
4 22 22 24 19 3 18 28
5 23 23 16 20 25 3 29
6 21 20 21 21 9 17 2
7 20 19 20 22 18 27 18
8 19 15 19 23 2 2 17
9 12 12 10 24 26 26 27
10 11 10 11 25 27 25 26
11 10 11 7 26 17 28 3
12 14 13 13 27 29 29 25
13 13 14 5 28 28 9 9
14 5 6 6 29 1 1 1
15 6 12
i2r
1 [ /
’l /g
0.4
0.2r 15 2 25
[0}
o 1 1.5 2 2.5 3 3.5 4
t/s
Tz T RE2k 24 Mz T EE2R 16
FhEE T RE£k 23 *hMz T REZR 21

B2 #MEREBET AEMRIE &I e LB ENKREE
Fig.B2 Voltage improvement condition of fault bus by connecting compensation device to different candidate buses
7% B3 MUEMY IEEE 39 TR ARG P HTSRANIMZRENRMEER R

Table B3 Optimal configuration scheme of dynamic reactive power compensation device in improved IEEE 39-bus system

HE BE R HEa BES
wENE e ® L, ' Bm . BR . 8%
Mvar Mvar Mvar Mvar Mvar
415  STATCOM 389 STATCOM 365 STATCOM 375 STATCOM 217 STATCOM 283
424 STATCOM 382 STATCOM 211 STATCOM 339 STATCOM 165 STATCOM 235
54 16 svC 201 svC 213 svC 295 STATCOM 182 STATCOM 221
B4 22 sveC 188 sve 186 sve 171 sveC 162 svC 137
B 23 sve 217 sve 128 sve 154 sve 108 sve 114
B4 21 sve 163 sve 105 sve 109 sveC 103 SveC 83
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Fig.C1 Geographical wiring diagram of a regional power grid in Hebei Province
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Table C1 Typical scenario parameters of wind power in regional power grid

1w i BlHhmMw
WT.1 0.1561 0

WT.2 0.683 7 409
WT.3 0.160 2 1300
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Table C2 Typical scenario parameters of PV in regional power grid

L7 RS BhHhmMw
PV.1 0.0216 2
PV.2 0.8514 423

PV.3 0.1270 1000
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Table C3 Voltage stability margin index of each scenario in regional power grid

1w WA SR SRR Bin
1 WT.1 PV.1 15.239
2 WT.1 PV.2 589.293
3 WT.1 PV.3 100.448
4 WT.2 PV.1 0.212
5 WT.2 PV.2 5.393
6 WT.2 PV.3 1.006
7 WT.3 PV.1 16.255
8 WT.3 PV.2 658.118
9 WT.3 PV.3 110.081
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Fig.C2 Bus voltage waveforms of whole grid under most serious fault in regional power grid
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Table D1 Regional transient voltage safety margin index compensating at part of candidate bus

LT e,

HMERIE

Xt 1 X1 2 X 1 X 2
84 50 100 100 7.294 0.506
54 55 100 100 8.944 0.580
54 48 89.6 100 12.311 0.817
84 52 87.5 100 12.745 1.114
4 51 87.5 100 12.912 1.169
54 49 41.7 93.9 24,437 1.528
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Table D2 Optimal configuration scheme of dynamic reactive power compensation device in regional power grid

HE1 %2 TIE3 54 VaE 3
.

wENE - e ® L ' B® &R . &%

Mvar Mvar Mvar Mvar Mvar
4,50  STATCOM 226 STATCOM 247 STATCOM 179 STATCOM 185 STATCOM g6
B4 55 sve 195 svc 239 STATCOM 175 STATCOM 160 STATCOM 14
B4 48 sve 190 svc 218 sve 171 svc 191 STATCOM 444
84 52 sve 177 svc 215 svc 166 svC 173 svC 158
5 51 sve 164 svc 201 svc 138 sve 175 svc 142
8449 sve 152 svc 174 sve 146 svc 155 svC 128
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Table D3 Evaluation results of each optimal scheme in regional power grid

YsES & S/% Wi
1 10.203 1.376x10° 0.479
2 9.730 1.446 % 10" 0.396
3 7.914 1.544x10" 0.643
4 7.633 1.558x10" 0.689

5 6.285 1.719x10’ 0.521
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Fig.D1 Bus voltage waveforms of whole grid in scheme to be configured
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