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Table 2 Ancillary service cost
RS ERaERe
I % e KB KB, B/ PRI/
TR e e o giE
03:00 -38.2644 -0.0450 -1.0458 -1.090 8 9.667 1
04:00 -63.0458 -0.0742 -1.7230 -1.7972 9.405 8
09:00 16.122 6 0.0190 0.440 6 0.459 6  14.040 4
10:00 23.432 6 0.027 6 0.640 4 0.6680 14.117 8
11:00 5.727 5 0.006 7 0.156 5 0.1633 13.9295
12:00 2.9757 0.003 5 0.081 3 0.084 8 13.8999
18:00 28.946 3 0.034 1 0.791 1 0.8252 14.177 1
19:00  100.344 9 0.118 0 2.742 4 2.860 5 149380
20:00 479820  0.056 4 1.3113 1.3678 14.3797
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Table 3 Frequency control and ancillary service
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AR B L/ Hz MW /Tt
03:00 1.1050 1.0357  -0.049 -38.264 -1.090 8
04:00 1.1500  1.0357  -0.080 -63.046 -1.7972
09:00 03642  0.3929 0.020 16.123 0.459 6
10:00 03512  0.3929 0.029 23.433 0.668 0
11:00 0.3827  0.3929 0.007 5.728 0.163 3
12:00 03876  0.3929 0.004 2.976 0.084 8
18:00 03414 03929 0.036 28.946 0.825 2
19:00 02149  0.3929 0.125  100.345 2.860 5
20:00 03076  0.3929 0.060 47.982 1.367 8
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Table 4 Scheduling strategy analysis
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RS KHLT KHL3 kL8 k12 UK EE
-0.382 64 1 1 1 1 1
-0.630 46 1 1 1 1 1

0.161 23 1 1 1 1 1
0.234 33 1 1 0 0 1
0.057 28 1 1 1 1 1
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0.289 46 1 1 0 0 1
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0.479 82 1 1 0 0 1
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Assessment of harmonic emission level considering influence of

harmonic impedance of wind farm
TAN Peng, YANG Honggeng, MA Xiaoyang,XU Fangwei
(College of Electrical Engineering and Information Technology ,Sichuan University , Chengdu 610065, China)
Abstract ; Wind turbine filter and reactive power compensation device lead to the result that the harmonic impedance
of wind farm is not much larger than that of the utility, so the influence of harmonic impedance of wind farm should
not be neglected when calculating harmonic emission value of wind farm. A method based on the improved complex
linear regression equation is proposed for assessing the harmonic emission value of wind farm. The harmonic current
components of wind farm side ,which are not related with the regression equation coefficients,are separated from the
harmonic voltage of PCC( Point of Common Coupling). Accordingly,a complex linear regression equation is estab-
lished. The utility harmonic impedance is calculated by complex least square method. Considering the harmonic im-
pedance of wind farm ,the harmonic emission value is calculated. For the topology variability of wind farm feeder net-
work ,an equivalent and aggregation method for feeder network is proposed, by which, the hybrid feeder network is
aggregated into T-shaped network to calculate the harmonic impedance of wind farm. The error marginal effect of dis-
persion parameters is used to analyze error. Simulation and measured data verify the effectiveness of the proposed
method.
Key words:wind power; complex linear regression ; harmonic impedance of wind farm side; aggregated equivalent;
harmonic emission level
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Joint operation strategy of wind power-photovoltaic-pumped storage hydro
energy based on multilateral income

CUI Yong',LI Peng”,JI Desen’ ,DU Zhongjian®
(1. School of Economics and Management, Three Gorges University, Yichang 443002, China;
2. State Grid Henan Economic Research Institute ,Zhengzhou 450052, China;
3. State Grid Jiangxi Electric Power Metering Center , Nanchang 330096, China;

4. State Grid Jiangxi Electric Power Dispatch Control Center,Nanchang 330000, China)
Abstract ; Comprehensive income will become an important target for the operation of each market subject in the fu-
ture market competition environment of new energy. On the basis of multiple energy coordinated operation, power
generation cost,feed-in tariff and auxiliary service income,a multi-objective function including cost of wind power,
photovoltaic and pumped storage power station is constructed, which considers the voltage deviation and frequency
stability. Taking a typical daily load curve of a certain region as an example ,the simulation of IEEE 57-bus system is
carried out in MATLAB to calculate the auxiliary service income and normalized stability index of multi-energy com-
plementary ,which verifies the effectiveness of the proposed strategy.

Key words : market environment ; multi-energy complementary ; power grid scheduling; optimization strategy



