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Data-driven frequency constrained economic dispatch considering fast demand resources
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Abstract: The frequency of the power system faces challenges with the growing share of renewable energy and the
decreasing inertia. It’s urgent to allocate fast demand response resources for frequency regulation. In this paper, the
feasibility that inverter air conditions, energy storage and electric vehicles provide frequency regulation reserve is
analyzed. A frequency constrained combined economic dispatching model (FCCED) considering the above fast demand
response resources is established to uniformly allocate the frequency regulation reserve between generators and loads.
Then, a data-driven method based on the high dimensional model representation (HDMR) is proposed to convert the
above high-order, nonlinear and implicit frequency security constraint to a low-order and explicit constraint. As a result,
the proposed FCCED model can be solved easily. Finally, the modified IEEE 30-bus system validates the effectiveness of
the proposed method. It is explained that the proposed frequency security constraint ensures that the abnormal frequency
of the system under unbalanced power is within the constraint. And fast demand response resources have an important
positive effect on improving the frequency toughness of the system.
This work is supported by the National Science and Technology Innovation 2030 Project (No. 2021ZD0112700).
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Fig. 1 Frequency dynamic model considering fast demand response resources
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Table 1 Parameters of generator unit
ZH B 1T B2 HUH3 HLgH4 HLHS Hldle
FG/MW 191 191 119 131 71 96

29)

F/MW 134 134 84 92 50 67
al(FETEMW?) 00200 0.0175 0.0625 0.0083 0.0250  0.0250

b/(ZETL/MW)  2.00 1.75 1.00 3.25 3.00 3.00

e 0 0 0 0 0 0

Tls 04 05 06 04 0.5 0.6
Towls 5 5 5 5 5 5

T,/s 03 04 05 03 0.4 0.5

R/(Hz/MW)  0.04 0.05 0.06 0.04 0.05 0.06

Fp 0.8 0.8 0.8 0.8 0.8 0.8
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Table 2 Total electricity load in each time unit

A B 1 2 3 4 5 6 7 8
FF/MW 571 583 594 602 610 625 636 649

N B 9 10 11 12 13 14 15 16
Hif /MW 653 659 665 673 665 659 643 636

I Bt 17 18 19 20 21 22 23 24

FEA/MW 625 619 610 605 597 586 583 576
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Fig. 6 Frequency dynamic model of modified
IEEE 30-bus system
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Table 3 Parameter of demand side resources

24 Bl 24 Bl
6 /(Hz/C) 0.54 7o /s 0.021
A% [(MW/Hz) 8.2 R /(Hz/MW) 0.045
To/s 882.1241 e /s 1.22
7o /s 0.01 K%/(MW/Hz) 10.57

= ((MW/°C) 0.0791 — —
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Fig. 7 Relative error of HDMR in test set
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Table 4 Comparison of HDMR and SVM
RGN TR R s SRR, A/

HDMR 3.46 49.63 77 931.54

77 753.17

SVM 5.62 49.52
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