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Distributed model prediction AGC method for new power systems considering parameter uncertainty
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Abstract: With the continuously increasing penetration of renewable energy, new power systems are increasingly
characterized by reduced rotational inertia and heightened parameter variability. Relying solely on traditional frequency
regulation resources may therefore lead to insufficient frequency control capability. Power-electronic-based frequency
regulation resources offer much faster response speeds, providing an opportunity to realize rapid frequency regulation in
new power systems. Accordingly, this paper proposes a coordinated frequency regulation strategy combining
power-electronic-based distributed frequency regulation resources with conventional synchronous generators. However,
power-electronics-based units exhibit pronounced distributed characteristics, and as renewable energy penetration
fluctuates, system inertia and frequency response characteristics also change accordingly. To address these issues, a novel
distributed model predictive automatic generation control (AGC) strategy for new power systems is developed, which
accommodates parameter uncertainty and is suitable for distributed, heterogeneous, multi-source coordinated frequency
regulation. The proposed distributed model predictive control strategy can fully exploit the fast frequency regulation
potential of rapid-response resources, enabling prompt suppression of system frequency fluctuations. Moreover, an online
event-triggered parameter identification method is designed to ensure that, when key system parameters undergo
significant changes, the model predictive controller can timely update system parameters to achieve accurate predictive
control. Finally, simulation studies under various scenarios demonstrate that the proposed method significantly enhances
frequency regulation performance and achieves the expected outcomes.
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Fig. 1 Dynamic response models of different generator units
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Fig. 2 Block diagram of conventional AGC structure
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Fig. 5 Block diagram of the workflow of the proposed method
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Fig. 6 Simulation verification of the termination condition

for parameter identification
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Table 2 Simulation verification results of the

parameter identification

H,/(MW -s/Hz) D,/(MW/Hz)
HYHE 800 1200 1100 85 110 90
WM 798.0  1197.1 10979 8475 109.69  89.79

W2 /% 0.25 0.24 0.19 0.29 0.28 0.23
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Fig. 7 Simulation verification of the parameter update condition
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Fig. 8 Performance comparison of the proposed method

with other methods in area 1
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Fig. 9 Performance comparison of the proposed method

with other methods in area 2
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Table 3 Simulation results of different AGC methods in area 1
|Af;| /Hz

|Dycr, | MW CPS1/%

AGC J5i%: _
Max Avg Max Avg Min Avg
PEDMPC 1739 0366 0.1149 0.0029 196.0 199.12
AR PL 3577 1259 0.1915  0.0089  169.7 19322
b UPI 4582 2411 02269 0.0174 119.1  181.81
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Table 4 Simulation results of different AGC methods in area 2
[, iz

|Dyce, | MW CPS1/%

AGC 77

Max Avg Max Avg Min Avg
PEDMPC 1526 0366 0.1000 0.0029 1952  199.32
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£ APl 4045 2407  0.1965 0.0174 1163 186.18
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