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500 || 126 36 850 71 72 800
900 36 37 150 72 108 100
200 37 125 900 96 97 500
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140 94 300 || 121 54 550 85 138 900
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26 27 900 57 58 200 || 137 89 600
27 104 650 58 117 500 89 90 700
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30 31 100 65 66 300
31 106 200 66 67 950
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Tab.2 Meteorological data of Zhangbei in 2011

B H R j}g”ﬂk% Bt HERE
/rad

1HI0H 10 -0.3853 07:46 17:11 10.183

4711 H 100 0.1319 05:50 18:56 12.597

8H1H 213 0.3206 05:16 19:39 13.471

11HA21H 324 -0.3373 07:15 16:58 10414
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T ARG T X P I 3500 & PHEV
60 ; HL 31 7345 78 HL M 19 A 138 (2 IX) |, Bl HE b
RN R 110 (I X0 5 B R R 1Y R B R R
OB 75 % ; B B VR A B TE /R TR
3.6 kW 5 HL 2 75 4 H Tt 70 /0 FRL IR 1) BB R B R0
0.75; 3o/ YR FECH 0.99,

Wa AY/MW Y/ Mvar || TR AYI/MW JGY)/Mvar
1 0.210 0.140 50 0.032 0.030
2 0.360 0.240 51 0.036 0.024
3 0.430 0.310 52 0.055 0.036
4 0.520 0.340 53 0.370 0.230
5 0.280 0.210 54 0.670 0.390
6 0.650 0.420 55 0.003 0.002
7 0.260 0.190 56 0.290 0.170
8 0.610 0.490 57 0.040 0.020
9 0.260 0.210 58 0.042 0.027
10 0.540 0.350 59 0.120 0.080
11 0.360 0.230 60 0.400 0.300
12 0.540 0.410 61 0.620 0.610
13 0.520 0.340 62 0.790 0.600
14 0.420 0.330 63 0.053 0.036
15 0.310 0.200 64 0.027 0.024
16 0.051 0.037 65 0.080 0.060
17 0.600 0.400 66 0.330 0.220
18 0.062 0.039 67 0.031 0.020
19 0.070 0.040 68 0.011 0.008
20 0.037 0.028 69 0.021 0.013
21 0.490 0.320 70 0.028 0.018
22 0.540 0.390 71 0.044 0.036
23 0.020 0.010 72 0.027 0.019
24 0.060 0.040 73 0.070 0.050
25 0.620 0.410 74 0.190 0.140
26 0.490 0.400 75 0.060 0.040
27 0.040 0.020 76 0.110 0.070
28 0.500 0.320 77 0.460 0.330
29 0.040 0.020 78 0.020 0.010
30 0.440 0.280 79 0.190 0.150
31 0.460 0.370 80 0.019 0.012
32 0.260 0.210 81 0.190 0.150
33 0.760 0.440 82 0.010 0
34 0.280 0.190 83 0.210 0.140
35 0.230 0.150 84 0.250 0.160
36 0.020 0.010 85 0.190 0.120
37 0.740 0.380 86 0.630 0.420
38 0.280 0.180 87 0.360 0.230
39 0.190 0.140 88 0.670 0.500
40 0.300 0.240 89 0.470 0.290
41 0.020 0.010 90 0.450 0.280
42 0.350 0.260 91 0.039 0.024
43 0.030 0.020 92 0.290 0.180
44 0.300 0.190 93 0.021 0.016
45 0.270 0.190 94 0.180 0.140
46 0.470 0.290 95 0.280 0.190
47 0.180 0.140 96 0.030 0.010
48 0.300 0.240 97 0.620 0.390
49 0.004 0.002 98 0.430 0.330
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Tab.4 Average of all bus voltage averages
for different daily periods on Jan.10

I PR RO S L o PR LR RE
IR B i B

¥ EV A EV T EV A EV

1 0.9491 0.9203 13 0.9510 09516
2 0.9546 0.9508 14 0.9534 0.9543
3 0.9566 0.9559 15 0.9555 0.9567
4 0.9574 0.9590 16 0.9566 0.9585
5 0.9576 0.9598 17 0.9570 0.9590
6 0.9577 0.9600 18 0.9564 0.9582
7 0.9577 0.960 1 19 0.9553 0.9567
8 0.9567 0.9592 20 0.9535 0.9540
9 0.9553 0.9578 21 0.9539 0.9544
10 0.9531 0.9552 22 0.9543 0.9541
11 0.9508 0.9521 23 0.9557 0.9540
12 0.9498 0.9508 24 0.9565 0.9548
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Fig.3 Average of three bus voltages for 24
hours on Jan.10
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Fig.4 Active power probabilistic density function of
line 127-15 in period 12 on Jan.10
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Fig.5 Voltage amplitude probabilistic density function
of bus 61 in period 12 on Jan.10
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Tab.5 Mean and standard deviation of part bus voltages for different daily periods on Jan.10
W B Bt 1 I B 7 Bz 10 B 13 I B 17 I B 22
) - 3PEM MC 3PEM MC 3PEM MC 3PEM MC 3PEM MC 3PEM MC
10 " 1.0045 1.0046 1.0121 1.0121 1.0113 1.0112 1.0095 1.0095 1.0110 1.0110 1.0116 1.0116
o 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
36 " 1.0088 1.0080 1.0098 1.0097 1.0011 1.0011 0.9875 0.9870 1.0073 1.0071 1.0086 1.0087
o 0.0012 0.0012 0.0012 0.0012 0.0018 0.0018 0.0017 0.0017 0.0014 0.0014 0.0013 0.0013
60 " 0.9609 09607 0.9927 0.9899 09792 09790 09736 09729 0.9932 0.9923 0.9939 0.9917
o 0.0008 0.0008 0.0006 0.0006 0.0013 0.0013 0.0016 0.0016 0.0006 0.0006 0.0006 0.0006
0 " 0.9230 0.9299 0.9969 0.9879 0.9939 0.9919 0.9899 0.9845 0.9927 0.9899 0.9894 0.9853
o 0.0011 0.0011 0.0002 0.0002 0.0006 0.0006 0.0009 0.0009 0.0002 0.0002 0.0003 0.0003
100 o 09451 09444 09823 09811 09690 0.9589 0.9629 09620 0.9815 09797 0.9826 0.9810
o 0.0001 0.0001 0.0001 0.0001 0.0013 0.0013 0.0016 0.0016 0.0009 0.0009 0.0006 0.0006
Ko MAXKEIRI10 ATEANENEINEABESIREE
Tab.6 Mean and standard deviation of part line active powers for different daily periods on Jan.10
S SE/MW IF B 1 B 7 : Bz 10 B 13 : B 17 Ihf Bt 22 :
3PEM MC 3PEM MC 3PEM MC 3PEM MC 3PEM MC 3PEM MC
33-109 " 0.4449 04445 0.0422 0.0424 -0.3347 -0.3345 -2.1310 -2.1300 -0.0221 -0.0219 0.1880 0.1897
) o 0.0004 0.0004 0.0041 0.0040 0.0107 0.0103 0.0253 0.0255 0.0101 0.0100 0.0001 0.0001
120-56 I 6.6511 6.6518 -3.7934 -3.8022 -6.1870 -6.1834 -6.5085 -6.5111 -2.2582 -2.2601 -1.9485 -1.9398
o 0.0910 0.0919 0.0223 0.0222 0.1165 0.1153 0.1399 0.1400 0.0120 0.0120 0.0175 0.0179
68-112 I -4.8978 -4.8883 -53031 -5.3000 -5.3496 -5.3508 -5.3277 -53276 -5.2007 -5.2113 -5.2265 -5.2301
o 0.0009 0.0009 0.0006 0.0006 0.0017 0.0017 0.0019 0.0019 0.0007 0.0007 0.0007 0.0007
60-118 I 09859 09798 02127 02177 0.1693 0.1721 0.2224 0.2200 0.4039 04101 03627 0.3653
T 0 0 0 0 0 0 0 0 0 0 0 0
115-81 I 8.1347 8.1198 0.5050 0.5112 -2.4659 -2.4502 -3.1524 -3.1546 1.6763 1.6769 2.1493 2.1487
o 0.0645 0.0628 0.0266 0.0271 0.1668 0.1664 0.2095 0.2076 0.0012 0.0012 0.0192 0.0196
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Probabilistic load flow of power system with WFs,PVs and PEVs
WU Chenxi'?,WEN Fushuan',CHEN Yong®,XIN Jianbo®
(1. College of Electrical Engineering,Zhejiang University ,Hangzhou 310027, China;
2. College of Automation,Hangzhou Dianzi University , Hangzhou 310018, China;
3. Yuhang Power Supply Bureau of Hangzhou,Hangzhou 311100, China;
4. Jiangxi Electric Power Research Institute,Nanchang 330006, China)
Abstract. A probabilistic load flow model is developed for the power system containing WFs(Wind Farms),
PVs(PhotoVoltaic Generations) and PEVs(Plug-in Electric Vehicles). The wind speeds and solar radiations
are simulated based on the historical meteorological data for different season and weather conditions and the
uncertainties of WF,PV ,PEV and load are considered,based on which,3PEM (3-Point Estimation Method) is
adopted to calculate the probabilistic load flow of power system for different daily periods and different
seasons. lts statistical characteristics are thus obtained. The simulative results of a 140-bus distribution
system show the correctness of the proposed model and method.
Key words: wind power; photovoltaic generation; plug-in electric vehicle; probabilistic load flow; point

estimation method; electric power systems; electric vehicles



