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Fig.1 Structure diagram of flexible distribution network
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Fig.3 Schematic diagram of DSTATCOM steady
state power flow
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State estimation of flexible distribution network considering power transmission loss

and control modes of SNOP,DSTATCOM and B-DSTATCOM
MA Xin"?,TIAN Bei'?,LI Hongqiang'?,XUE Fei'?, HUANG Yongning',ZHANG Hanhua'*,WU Meirong"’
(1. Electric Power Research Institute of State Grid Ningxia Electric Power Company,Yinchuan 750002, China;

2. Key Laboratory of Ningxia Electrical Power Energy Security,Yinchuan 750002, China)
Abstract: With the investment of SNOP(Soft Normally Open Point), DSTATCOM (Distributed STATic synch-
ronous COMpensator) and other novel typed distributed equipment,there is a great need to achieve accurate
state estimation for the flexible distribution network with SNOP and DSTATCOM. Firstly,the state estimation
model of distribution network based on the weighted minimum absolute value method is constructed. Secondly,
the state estimation model of the flexible distribution network is proposed, which considers the influence of
power transmission loss and various control modes of SNOP, DSTATCOM and B-DSTATCOM (DSTATCOM
with Battery energy storage system). Furthermore, the measurement equation, control pseudo measurement
equation and constraint conditions are given to ensure the observability requirement. Finally,the effectiveness
and practicability of the proposed method are verified on the TEEE 33-bus flexible distribution network
test system. The test results prove the applicability of the proposed state estimation model to various control
modes of SNOP, DSTATCOM and B-DSTATCOM, and the necessity of considering the power transmission
loss.

Key words:SNOP; DSTATCOM ;state estimation ; distribution network ; power transmission loss;control mode
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Table Al Load of AC node

TE: WAHURFE. MR, RBERBCIRLME, FE.

R S SR BT/ Q R 3 5 R A A
b
WA WA Za Zyy Z Za=Zsa Zo=Zea Zy=Zg a b A [}
1 1 2 0.093 5+j0.047 7 0.093 3+j0.047 5  0.093 1+j0.047 4  0.000 9+j0.000 4  0.001 3+j0.000 7  0.001 1+j0.0005  32+j19 33+j20 35+j21
2 2 3 0.500 3+j0.254 8 0.498 9+j0.254 1  0.497 9+j0.253 6  0.004 9+j0.0025  0.007 3+j0.003 7  0.005 9+j0.0030  30+j13 31+j15 29+j13
3 3 4 0.3714+j0.1891  0.3704+j0.1886  0.369 6+j0.188 2  0.003 6+j0.001 8  0.005 4+j0.0027  0.004 3+j0.0022  45+j30 0+j0 35+j24
4 4 5 0.386 8+j0.197 0 0.3856+j0.196 4  0.384 9+j0.196 0 0.003 8+0.0019  0.005 7+j0.0029  0.004 5+j0.0023  20+j10 20+j10 20+j10
5 5 6 0.8312+j0.7176  0.828 8+j0.7154  0.827 1+j0.7140  0.008 1+j0.007 0  0.012 2+j0.010 6  0.009 8+j0.008 4  20+j6 20+j7 20+j7
6 6 7 0.190 0+j0.628 0 0.189 4+j0.626 2  0.189 0+j0.624 9  0.001 8+j0.006 1  0.002 8+j0.009 2  0.002 2+j0.007 4 ~ 65+j33 70+j34 65+j33
7 7 8 0.7220+j0.238 6 0.7199+j0.2379  0.718 5+j0.2374  0.007 1+j0.0023  0.010 6+j0.0035  0.008 5+j0.0028  70+j34  65+j33 65+j33
8 8 9 1.0454+j0.7510  1.0423+j0.7488  1.040 3+j0.747 3  0.010 3+j0.007 4  0.0154+j0.0110  0.012 3+j0.008 8 20+j7 18+j6 22+7
9 9 10 1.059 6+j0.751 0  1.056 5+j0.748 8  1.054 4+j0.747 3  0.010 4+j0.007 4  0.0156+j0.0110  0.012 5+j0.008 8 2147 20+j7 0+j0
10 10 11 0.199 5+j0.0659  0.198 9+j0.0657  0.198 5+j0.0656  0.001 9+j0.000 6  0.002 9+j0.0009  0.002 3+j0.000 7 14+j9 16+j11 15+j10
11 11 12 0.3800+j0.1256  0.378 8+j0.1252  0.378 1+j0.1250  0.003 7+j0.0012  0.005 6+j0.001 8  0.004 4+j0.001 4  20+j11 20+j12 20+j12
12 12 13 1.490 0+j1.1723  1.4856+j1.1688  1.4826+j1.1665  0.014 6+j0.0115 0.022 0+j0.0173  0.017 6+j0.0138  21+j12 19+j11 20+j12
13 13 14 0.5497+j0.7235 0.548 0+j0.7214  0.547 0+j0.7200  0.005 4+j0.007 1  0.008 1+j0.010 6  0.006 4+j0.008 5  40+j28 38+j27  42+j25
14 14 15 0.599 8+j0.5338  0.598 0+j0.5323  0.596 9+j0.5312  0.005 9+j0.0052  0.008 8+j0.007 8  0.007 0+j0.006 3 0+j0 19+j3 20+j3
15 15 16 0.7514+j0.5531  0.749 1+j0.5515  0.747 7+j0.550 4  0.007 4+j0.0054  0.0111+j0.008 1  0.008 8+j0.006 5 19+j6 20+j7 21+j7
16 16 17 1.308 3+j1.746 8 1.304 4+j1.7416  1.3018+j1.7382  0.0128+j0.0172  0.019 3+j0.0258  0.015 4+j0.020 6 19+j6 21+j7 20+j7
17 17 18 0.742 9+j0.5826  0.740 7+j0.5808  0.7393+j0.5797  0.007 3+j0.0057  0.010 9+j0.008 6  0.008 7+j0.006 8 30+j14 30+j13 30+j13
18 2 19 0.166 4+j0.158 8  0.165 9+j0.158 3  0.165 6+j0.158 0  0.001 6+j0.001 5  0.002 4+j0.0023 0.001 9+j0.001 8 33+j15 29+j13 28+j12
19 19 20 1526 7+j1.3757  1.5222+j1.3716  1.5192+j1.3689  0.0150+j0.0135  0.0225+j0.0203  0.018 0+j0.0162  29+j13 28+j12 33+j15
20 20 21 0.4156+j0.4855 0.4144+j0.4841 0.4135+j0.4831  0.004 0+j0.0047  0.006 1+j0.007 1  0.004 9+j0.0057  29+j12  30+j13  31+j15
21 21 22 0.7195+j0.9513  0.717 4+j0.9485 0.7159+j0.946 6  0.007 0+j0.009 3  0.010 6+j0.0140  0.008 5+j0.011 2 28+j12 33+j15 29+j13
22 3 23 0.457 9+j0.3129  0.456 6+j0.3119  0.4557+j0.3113  0.004 5+j0.0030  0.006 7+j0.004 6  0.005 4+j0.003 6 30+j16 31+j17 29+j17
23 23 24 0.911 4+j0.7197  0.908 7+j0.7176  0.906 9+j0.716 1  0.008 9+j0.007 0  0.013 4+j0.0106  0.010 7+j0.008 5  130+j60  140+j70  150+j70
24 24 25 0.909 4+j0.7116  0.906 7+j0.7095  0.904 9+j0.708 1  0.008 9+j0.007 0  0.013 4+j0.0105  0.010 7+j0.008 4  150+j70  130+j70  140+j60
25 6 26 0.206 0+j0.1049  0.205 4+j0.1046  0.2050+j0.1044  0.002 0+j0.001 0  0.003 0+j0.001 5  0.002 4+j0.104 4 20+j8 20+j8 20+j9
26 26 27 0.288 4+j0.146 8  0.287 6+j0.146 4  0.287 0+j0.146 1  0.002 8+j0.001 4  0.004 2+j0.0021  0.003 4+j0.001 7 18+j7 22+j9 20+j9
27 27 28 1.074 8+j0.947 7  1.0717+j0.9449  1.069 5+j0.9430  0.010 5+j0.009 3  0.015 8+j0.0140  0.012 7+j0.011 2 19+j6 22+j8 19+j6
28 28 29 0.8162+j0.7111  0.8138+j0.7090  0.8122+j0.7076  0.008 0+j0.0070  0.012 0+j0.0105  0.009 6+j0.008 4  38+j23  42+j25  40+j22
29 29 30 0.515 1+j0.2623  0.5135+j0.2616  0.5125+j0.2610  0.005 0+j0.0025  0.007 6+j0.003 8  0.006 0+j0.0031  60+j180  70+j210  70+j210
30 30 31 0.9890+j0.9774  0.986 0+j0.9745  0.984 1+j0.9726  0.009 7+j0.009 6  0.014 6+j0.0144  0.011 6+j0.0115  45+j20  51+j23  54+j27
31 31 32 0.3151+j0.3637  0.314 2+j0.366 2  0.3136+j0.3655  0.003 1+j0.0036  0.004 6+j0.0054  0.003 7+j0.004 3 70+j33 72+j35 68+j32
32 32 33 0.3461+j0.5381  0.3450+j0.5365  0.344 4+j0.5355  0.003 4+j0.0053  0.005 1+j0.007 9  0.004 0+j0.006 3  20+j13 20+j14 20+j13
T AR AU ALY KW kvar.
#= A2 SNOP &3
Table A2 Parameters of SNOP
FREMZCRA A FEBIX/Q  SEEMER/Q  JFECHYY B/Q AR X/Q MR RY/Q WA RMRRERE CRBRERH
33 0.164 3 0.000 1 0.088 7 0.112 1 0.001 5 0.103 0.001 5 0.001 200
18 0.164 3 0.000 1 0.088 7 0.112 1 0.001 5 0.103 0.001 5 0.000 808



% A3 DSTATCOM &#
Table A3 Parameters of DSTATCOM

LSS T X/Q SE R R/Q FFIR YN BY/Q B AR HT Xu/Q iR AL P Ry/Q FAUFE LB RE ISR HL

12 0.164 3 0.000 1 0.088 7 0.112 1 0.001 5 0.103 0.001 5 0.000 808
% A4 B-DSTATCOM &
Table A4 Parameters of B-DSTATCOM
BTE R AT T Al S5 AT X/Q SHE R R/Q FFIRFESY BY/Q AR BT Xu/Q Hift 28 FEPH Ry/Q 5 HUIFE LR ME U R 3 —IRIFE R KL
8 0.164 3 0.000 1 0.088 7 0.112 1 0.001 5 0.103 0.001 5 0.000 808
# A5 SNOP, DSTATCOM. B-DSTATCOM #=HIA NI E
Table A5 Control method setting of SNOP, DSTATCOM and B-DSTATCOM
b il 75
SNOP Fi7E# VSC1  SNOP fif7E 3 #% VSC, DSTATCOM B-DSTATCOM
® (3 (@)} (&) (2> o _ _
Vg4:=1.00 Vac=0.94 Pac=-0.2 Qac=0.2
® (&D) 4 (3 4 (3 4 o o
Pa=0.2  Va=0.94  Vq=0.94  V,i=0.94  Vg=0.97  V,=0.95
® (¢D) (2> 3 @) 3 (2) D @)
Pac=-0.2 Qac=—0.1  Vg=1.00 Qac=0.1  V4=0.95 Qac=0.1  Pa=—0.2  Vg=0.96
R A6 FERIRE[IUTETRTRAMBELSLR
Table A6 Voltage result of AC bus after state estimation in Case 3
B a MR b A E ¢ FHHLE 2 a LR b HHHE c AR
TR e R O W RO C O B R CO | TR R R C O B RRIC O R M C
1 1001 670 0.000 928 1.001 272 -120.002 1.000 492 120.004 3 | 18 0.946 055 -3.065 22 0.943 112 -123.511 0.944 012 116.884 8
2 0999 273 0.008 412 0.998 891 -120.215 0.998 031 120.080 1 || 19 0.998 777 -0.003 04 0.998 301 -120.226 0.997 509 120.068 3
3 0.983 161 -0.067 250 0.987 818 -120.293 0.986 670 120.003 9 | 20 0.994 990 -0.067 71 0.993 968 -120.294 0.994 332  120.000 7
4 0982 852 -0.116 160 0.982 603 -120.357 0.981 318 119951 1 | 21 0.994 430 -0.081 76 0.993 150 -120.317 0.993 666 119.984 6
5 0.977 717 -0.168 470 0.977 094 -120.425 0.976 033 119.894 3 | 22 0.994 069 -0.102 30 0.992 402 -120.350 0.993 064  119.966 0
6 0.966 297 -0.468 860 0.964 704 -120.765 0.964 192 119.560 6 | 23 0.984 677 -0.108 94 0.984 257 -120.318 0.982 879  119.970 7
7 0965 218 -0.713 850 0.964 274 -121.033 0.963 653 119.304 2 | 24 0.978 141 -0.207 96 0.977 700 -120.386 0.975 991 119.878 0
8 0.961 541 -0.832 390 0.960 823 -121.194 0.960 371 119.172 7 || 25 0.974 726 -0.257 66 0.974 596 -120.406 0.972 732 119.836 1
9 0.958 029 -1.204 320 0.957 023 -121.604 0.956 730 118.804 4 | 26 0.965 107 -0.456 29 0.963 060 -120.710 0.963 474 119.576 0
10 0.954 930 -1.583 650 0.953 591 -121.990 0.953 486 118.442 8 | 27 0.963 563 -0.436 26 0.961 228 -120.682 0.961 740  119.606 7
11 0.954 236 -1.632 580 0.952 850 -122.040 0.952 703 118.392 4 | 28 0.957 088 -0.442 80 0.953 713 -120.661 0.954 292 119.612 6
12 0.953 041 -1.729 350 0.951 583 -122.137 0.951 369 118.295 9 | 29 0.952 343 -0.431 81 0.948 283 -120.641 0.949 034  119.638 6
13 0.948 478 -2.068 080 0.946 378 -122.504 0.946 535 117.941 2 | 30 0.950 390 -0.389 01 0.946 009 -120.587 0.946 816 119.697 9
14 0.947 383 -2.248 650 0.944 993 -122.690 0.945 492 117.739 0 | 31 0.949 971 -0.524 51 0.945 258 -120.721 0.946 410 119.567 7
15 0.946 779 -2.395 580 0.944 109 -122.833 0.944 720 117.589 9 | 32 0.950 225 -0.559 31 0.945 661 -120.755 0.946 709 119.535 2
16 0.945 842 -2.560 160 0.943 041 -122.990 0.943 735 117.429 0 | 33 0.951 509 -0.570 46 0.946 928 -120.769 0.948 135  119.530 7
17 0.946 223 -2.917 380 0.943 298 -123.353 0.944 495 117.060 0
e oa. by cMHEIRME bR LM, JER.
R AT 1% RIS MHEITR MR R EZEAFD VSC R ERBESER
Table A7 Voltage results of VSCs in flexible distribution equipment after state estimation in Case 3
vse a M b AH L c A
WEAH AL C D WEAE AL C O EAE AHAL C D
SNOP Z % H1#) VSCy 0.958 913 -0.792 25 0.955 142 -120.953 0.957 768 119.349 6
SNOP £k i#% 1 1f) VSC, 0.942 207 -3.317 91 0.938 774 -123.737 0.937 989 116.584 2
DSTATCOM H1[#) VSC 0.954 434 -1.902 32 0.951 501 -122.225 0.951 521 118.120 2
DSTATCOM ) VSC 0.959 587 -0.263 92 0.959 511 -120.822 0.958 838 119.610 8
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