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Abstract: To effectively address the limited available transfer
capability (ATC) issue caused by large-scale wind power
integration, a hybrid power flow controller (HPFC) siting and
sizing method for enhancing the available transfer capability
(ATC) of wind integration power systems is proposed.
Firstly, the mathematical model of HPFC is established based
on the power injection method, and an improved K-means
clustering algorithm is employed to reduce wind power and
load probability scenarios. Secondly, a bi-level optimization
configuration model for HPFC considering ATC is developed.
The upper level aims to minimize the HPFC configuration
cost and bus voltage deviation, while the lower level aims to
maximize the system’s ATC. Finally, the improved multi-
objective particle swarm optimization (MOPSO) algorithm is
applied to compute the Pareto solution set of the proposed bi-
level optimization model, and the optimal solution is determined
based on the fuzzy satisfaction function of each solution in the
solution set.

Keywords: wind power; available transfer capability; hybrid
power flow controller; bi-level optimization
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Fig. 3 Series side compensation voltage control range of HPFC
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Fig. 5 Calculation results of SSE and CHI corresponding to
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function corresponding to the optimal capacity allocation of HPFC
under different site selection schemes

k2R 393.77 8 886.6 0.4513  1449.1

;z(i{ii 344.89 7783.4 04055 15166
TTHRHE 406.13 9165.5 05281 14259
-3l 321.22 7249.2 03881 17840
Ui EL 415.69 9381.2 0.4923  1904.9
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Fig. 6 Comparison of system ATC and bus voltage deviation in
different scenarios before and after HPFC configuration
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Fig. 7 Comparison of Pareto solution sets for different
optimization configuration methods
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FIEFIMOPSORIL Y BENL T, WAL IR A
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Table 3 Statistical results of the objective function obtained from
repeated calculations

HPFCEL & TEEE

ZiHEkR X = ATC/MW
T BA/T T "®
SFHE 7 566.5 0.396 5 1833.0
FRifE2 226.01 0.009 6 48.44
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