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Fig.1 Simplified equivalent circuit of common
asynchronous wind power generator
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Fig.2 Power relationship of DFIG
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Fig.3 Distribution network for case study
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Table 1 Branch parameters of 12-bus
distribution network

SCEEG T WA ORI BB Wb ARRRER L A B R

1 1 2 0.028  0.068 1.00 0.560
2 2 3 0 0.013 1.05 0.600
3 3 4 0.110  0.300 1.00 0.214
4 4 5 0.380 0.340 1.00 0.214
5 5 6 0.380 0.340 1.00 0.214
6 6 7 0.380 0.340 1.00 0.214
7 6 8 0.380 0.340 1.00 0.214
8 4 9 0.380 0.340 1.00 0.214
9 9 10 0.380 0.340 1.00 0.214
10 4 11 0.320 0.910 1.00 0.214
11 3 12 0.430 1.220 1.00 0.214

&2 24 h RiEH R
Table 2 Wind speed data for 24 hours

BB R/ (mes™) || BEBE K/ (mes™) || BB K/ (m-s™)
1 10.3 9 8.4 17 9.8
2 10.2 10 7.5 18 9.0
3 10.3 11 7.5 19 9.4
4 10.5 12 8.1 20 9.3
5 9.5 13 8.5 21 8.0
6 9.1 14 8.5 22 8.1
7 10.0 15 8.1 23 7.5
8 9.8 16 9.0 24 8.5
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Table 3 Parameters of common asynchronous
wind power generator

ZH IRE ZH IRE
JE T HL B 0.00708 Q) g 3.44979 O
TE T LT 0.0762 Q T L 660 V
e 0.00759 Q T 4 330 kW
et 0.23289 )

R4 ZEBEBRENNEBNNEHERE
Table 4 Power characteristic coefficients of
common asynchronous wind power generator

EX0 WE EX1 WE £ WE
ay -393.35 a; 65.71 ag -0.0804
a 468.91 ay -10.95 a; 0.0035
a -237.49 as 1.16 ag -9.49x107

x5 WERNEZBHNSH
Table 5 Parameters of DFIG

S8 BufE S8 BufE
FE T HLBE 0.0076 Q TR 850 r/min
SE T T 0.1248 Q HHUBUEM 1500 r/min
e FHL B 0.0073 Q) WA AR 83.33
bt 0.0884 Q) EFH R 2900 A
TG FL BT 1.8365 Q) Fz e S T Y 3000 A
7 L 690 V B 90°
WE I 2 MW B —2°
e I pR 1800 r/min

xo6 BERZSH

Table 6 Parameters of energy storage system

S8 BufE S8 BufE
fit i L BR I0MW-h ||BAEDIE LR 2MV-A
i HE T BR 0 I HL R 1
PCS LM LR 57.14 A Fo LR 1
3.2 EHHH

3.2.1 WU T3 A4 b 64 3 em LR AT

BXH FEXF LR 2 Fhor 5 ACE IR XU TE T R
R G2 AT B BC A D46 13 (DCOPF) 5 % & XU HL
oY R T A WAL AL I (ACOPF) . P 58 T fic
WA DR T SR A 4 FTR

1 & 4 w0 SRl i DAL O R 5 IR
DA, TG DI P 09 A0 Ak 30 3 O S A L R 3 EE R X
= 4 HL 1 AT ) T R SRR A R KUH K
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Table 7 Active power of load nodes

A I i/ MW

i W3 WS Hse  Wai7  Waig W9 W10 Wail1l A 12
1 3.120 0.311 1.200 0.269 1.740 1.740 1.740 3.929 5.556
2 2.680 0.274 0.900 0.262 1.580 1.770 1.770 2914 4.452
3 2.510 0.277 1.020 0.255 1.220 1.540 1.540 2.671 4.116
4 2.220 0.253 0.900 0.217 1.150 1.550 1.550 3.171 3.960
5 2.140 0.238 0.960 0.221 1.320 1.450 1.450 3.043 5.040
6 2410 0.219 1.140 0.303 1.540 1.540 1.540 3.429 5.592
7 3.090 0.247 0.900 0.448 1.950 2.070 2.070 5.329 6.636
8 3.140 0.253 1.020 0.545 2.300 2.260 2.260 6.343 8.688
9 4.310 0.344 1.260 0.610 1.880 1.790 1.790 8.243 8.724
10 4.950 0.426 2.160 0.586 1.760 1.550 1.550 6.986 8.292
11 5.290 0.496 2.580 0.614 1.810 1.430 1.430 6.471 8.964
12 5.700 0.512 2.820 0.645 1.630 1.660 1.660 6.857 9.888
13 5.290 0.460 2.100 0.617 1.970 1.800 1.800 7.871 11.172
14 4.970 0.439 2.100 0.600 1.720 1.440 1.440 7.486 9.828
15 4.290 0.372 1.560 0.593 1.920 1.540 1.540 8.000 8.040
16 5.190 0.506 2.700 0.679 1.470 1.450 1.450 6.214 7.860
17 5.360 0.460 2.580 0.497 1.480 1.260 1.260 5.971 8.904
18 5.160 0.457 2.040 0.466 1.640 1.210 1.210 5.971 8.568
19 5.240 0.369 1.500 0.538 1.740 1.390 1.390 6.086 8.940
20 5.040 0.378 1.380 0.641 2.040 1.690 1.690 6.986 9.708
21 5.550 0.366 1.560 0.797 2.320 1.900 1.900 10.286 11.856
22 4.920 0.366 2.040 0.707 2.030 1.810 1.810 9.643 10.752
23 4.410 0.372 2.160 0.514 1.390 1.340 1.340 6.857 7.920
24 3.310 0.311 1.800 0.321 0.960 1.040 1.040 4.186 6.696

RS BEATMHREININERET
Table 8 Reactive power of load nodes
ey 2R A faf / Mvar
i Bt
W3 W5 e W7 TWaig W9 W10 Wail1l A 12
1 0970 0031 0360 0031 1050 0380 0380 0514 1260
2 0880 0027 0120 0045 1080 0380 0380 038  1.044
3 0930 0028 0300 0041 1070 0260 0260 0257  0.888
4 0780 0025 0120 0028 0920 0330 0330 0757 0924
5 0.880 0.024 0.240 0.034 0.960 0.300 0.300 0.386 1.416
6 0.760 0.022 0.300 0.052 1.020 0.330 0.330 0.386 1.500
7 0.780 0.025 0.060 0.090 0.750 0.420 0.420 1.014 1.848
8 0.830 0.025 0.120 0.117 0.800 0.490 0.490 1.400 2.580
9 2.020 0.034 0.240 0.141 0.900 0.500 0.500 2.029 2.952
10 2.560 0.043 0.900 0.138 0.960 0.440 0.440 1.643 3.072
11 2.580 0.050 1.020 0.197 0.880 0.330 0.330 1.271 3.096
12 2.730 0.051 1.200 0.203 0.600 0.380 0.380 1.529 3.504
13 1.750 0.046 0.540 0.124 0.460 0.170 0.170 1.643 2.520
14 1.710 0.044 0.480 0.124 0.360 0.140 0.140 1.400 2.400
15 2.220 0.037 0.420 0.121 0.880 0.410 0.410 1.900 2.796
16 2.580 0.051 1.020 0.152 1.100 0.330 0.330 1.143 2.976
17 2.660 0.046 0.900 0.159 1.150 0.340 0.340 1.143 3.192
18 2.480 0.046 0.660 0.134 0.780 0.270 0.270 1.271 3.012
19 2.090 0.037 0.300 0.141 0.720 0.280 0.280 1.271 3.096
20 1.580 0.038 0.240 0.138 0.720 0.220 0.220 1.771 2.856
21 1.580 0.037 0.360 0.117 0.390 0.170 0.170 1.529 2.520
22 1.240 0.037 0.600 0.100 0.370 0.190 0.190 1.643 2.304
23 1.140 0.037 0.960 0.066 0.710 0.080 0.080 1.014 1.776
24 0.930 0.031 0.780 0.045 0.810 0.030 0.030 0.629 1.872

KW B Jo DAL R BRI A 29 1 X R B R, B AT DA I D SR e A T C O A XU R SR AN RE T
IR, B TC I I B R B SR ST 5 92 PR Bl T EL IR — S R IE S PR A U O T AT B T 2R AT
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Fig.4 Total active power demand of distribution network
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Fig.5 Comparative analysis of distribution network
accommodation to wind power
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Fig.6 Comparative analysis of active power
demand for distribution network
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Fig.7 Comparative analysis of reactive power
demand for distribution network
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Fig.8 Comparative analysis of distribution
network accommodation to wind power for
increased wind power capacity
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Table 9 Comparison of daily active power

demand,net loss and reactive power
demand among different schemes

HHER OHE/(MW-h) MH/(MW-h)  JEH5W K/ (Mvar-h)

1 195.35 36.44 296.95
2 178.45 3553 296.73
3 178.31 35.35 295.01
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Fig.9 Node voltage magnitude during
period 2 of scheme 3
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Table 10 Output power of wind power-energy
storage system during period 2 for scheme 3
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Analysis of dynamic optimal power flow for distribution network
with wind power and energy storage
SUN Donglei', HAN Xueshan', LI Wenbo?

(1. Key Laboratory of Power System Intelligent Dispatch and Control of Ministry of Education,Shandong University,
Ji’nan 250061 ,China;2. Electric Power Institute of State Grid Shandong Electric Power Company,Ji’nan 250002, China)

Abstract: To adapt to the development of future power system,a mathematical model of day-ahead dynamic
optimal power flow is built for the distribution network with wind power and energy storage,which takes the
minimum electricity purchase from transmission system as its objective and considers the characteristics and
limitation conditions of common asynchronous wind power system,double-fed induction wind power system
and battery storage system besides the basic operation limits of distribution network. Based on the GAMS
platform,the CONOPT solver is adopted to solve the model. Taking a 12-bus distribution network with wind
power and energy storage as an example,the mechanism analysis on several patterns shows that,with the
dynamic optimization considering the operating characteristics of distribution network with wind power and
energy storage,the resources are effectively allocated,the diversion among active power,reactive power and
voltage avoided and the wind power more effectively accommodated.

Key words: electric power distribution; wind power; energy storage; dynamic optimal power flow; four-

quadrant regulation characteristics; models
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