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Table 1 Wind speeds of different time-points

5 Kk / (m-s™) T
18:00 18:10 18:220 18:30 18:40 18:50

S, 6.024 7.147 5.061 9.383 8292 9298 0.118

S, 7315 5914 6.692 9.128 7.966 8491 0.142

S; 6.882 6.464 6208 9.056 9.213 9.889 0.284

S, 6.322 7.655 5944 8.649 8.087 8.087 0.296

Ss 7.596 7.300 5.882 9.090 9.355 8.260 0.160
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Table 2 Wind-power outputs of different time-points

o P, /MW
18:00  18:10  18:20  18:30 18:40  18:50
S 8.613 16.664  3.865 39.853 27.201 38.784
S, 17.921 7977 13.011 36.677 23.893 29.327
S; 14424 11404  9.736 35.808 37.719 46.541
Sy 10.463  20.931 8.149 31.076 23.753 25.101
Ss 20.394  17.795  7.796 36.220 39.500 30.755
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Table 3 Generation plan for IEEE

14-bus system at first stage
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Table 4 Optimal control strategy of equivalent series
voltage-source of UPFC

Uy

Y% 18:00— 18:10— 18:20— 18:30— 18:40— 18:50—

18:10 18:20  18:30  18:40  18:50 19:00
Sy 0.051 0.045 0.055 0.027  0.037 0.028
S, 0.044  0.052 0.048 0.029 0.039 0.035
Ss 0.047  0.049 0.051 0.030 0.028 0.021
Sy 0.050 0.042 0.052 0.034  0.039 0.038
Ss 0.042 0.044 0.052 0.030 0.028 0.034
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Table 5 Power-losses from 18:10 to 18:20 for
different control strategies

155  UPFC J¢ UPFC
PN M /MW CEEENLIE ) P MW
S 1.911 9.052 1.927 10.673
S, 2.006 9.851 2.025 11.754
S 1.969 9.529 1.987 11.378
S, 1.865 8.681 1.880 10.174
Ss 1.899 8.952 1.915 10.539
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Fig.5 Comparison of IEEE 14-bus system power-loss

between with and without UPFC,for different wind-speed
scenarios of different time-points
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Table 6 Wind speeds of different
time-points of wind farm W,

W, K / (m-s™)

o %

i 18:00 18:10 18220 18:30 18:40 18:50 e

S, 8422 7.179 9497 8.627 9433 7418 0.204

S, 9256 7787 9.292 9285 8495 6262 0.154

Sy 9310 8.810 9.765 8813 9523 7.088 0.142

S, 9.543 8.631 8464 9274 9364 7.012 0.230

Ss 8798 7.553 10.872 8.544 8.650 7.088 0.270
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Table 7 Generation plan for 78-bus system at first stage

Kb AU /MW | ZBALgS A /MW
G, 1150.000 Gs(Go) 334.963
G, 1656.000 Gi(Gy) 299.877
Gy (AL ) 323.577 G 150.000
G, 291.795 G 75.000
Gs 313.216 Gu 150.000
Go(Gy) 315.291 Gis 75.000
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Table 8 Optimal control strategy of series
controllable voltage-source of UPFC

Uy
Y 18:00— 18:10— 18:20— 18:30— 18:40— 18:50—
18:10 18:20 18:30 18:40 18:50 19:00

S 0.296  0.331 0265 0342 0303 0.363
S, 0293 0307 0284 0322 0319 0.364
Ss 0286 0.292 0268 0332 0318 0.381
Sy 0.274 0311 0.294 0313 0.300 0.347
Ss 0307 0327 0236 0338  0.341 0.355
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Table 9 Optimal control strategy from 18:10 to 18:20

W/ (m-s™) AL UPFC i il 5
%ﬁi HjJJ Uh- Uh UH UH

Wi W, (UPFCG,) (UPFC,) (UPFC,) (UPFC,)
S, 7.147 7.179 4524 1518 1226 0331 0243
S, 5914 7787 4772 1516 1227 0307  0.243
S, 6464 8810 3.701 1.506 1225 0292  0.243
S, 7.655 8631 3.137 1505 1224 0311 0242
S, 7300 7.553 4.196 1515 1226 0327 0242
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Fig.6 Comparison of 78-bus system power-loss between
with and without UPFC,for different wind-speed
scenarios of different time-points
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Two-stage OPF considering wind-power uncertainty for power system with UPFC
QIAN Zhen',LIU Jiankun?,CHEN Jing?,ZHANG Ningyu?,
SUN Yonghui', WEI Zhinong', SUN Guoqiang'
(1. College of Energy and Electrical Engineering,Hohai University, Nanjing 211100, China;
2. State Grid Jiangsu Electric Power Research Institute Co.,Ltd.,Nanjing 210036, China)

Abstract: The grid-connection of large-scale wind farm may impact the stability of power system because of

the randomness and uncertainty of wind speed,while UPFC(Unified Power Flow Controller) can be used to

stabilize the system due to its real-time capability of power-flow control. With the consideration of wind-

power uncertainty ,an OPF(Optimal Power Flow) model with UPFC is built,which consists of the intraday

rolling scheduling stage and the real-time scheduling stage. Without the consideration of wind-power

prediction error,the intraday rolling scheduling plans the unit outputs to optimize the operational cost. The

real-time scheduling regulates the UPFC parameters according to the wind-power prediction error,modifies

the operational plan in real time and carries out the power-flow optimization to ensure the safety and

reliability of system. The results of case analysis for IEEE 14-bus system and a practical system show that,

the proposed model can effectively reduce the impact of wind-power prediction error by controlling the

UPFC parameters to enhance the economy and safety of system.

Key words: electric power systems; large-scale grid-connected wind-power; unified power flow controller;

two-stage OPF; wind speed prediction; scenario simulation



