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Clustered P2H Model and Its Application in Power System Operation Simulation
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ABSTRACT: Rapid consumption of fossil fuels is aggravating
global environmental pollution, whereas the development scale
of renewable energy sources like wind power is expanding.
Power-to-hydrogen (P2H) technology, regarded as an effective
solution to mitigate renewable curtailment due to the
unpredictability of wind and solar generation, holds a crucial
role in power systems dominated by these renewable energy
sources. Due to the particularity of its working state, the model
of P2H device involves many variables and complex
constraints, which complicates operation simulation. In this
paper, a clustered modeling method based on integer variables
is proposed for P2H devices, which reduces the number of
variables and improves the solution efficiency. The
effectiveness of the clustered model proposed in this paper is
verified by the improved IEEE-RTS79 example, and the
performance of solutions under different scales and different
parameters are compared. This method can accurately simulate
the multiple working states of the P2H device, and accelerate
the solution process with higher accuracy, which provides a
strong support for solving the optimization problems in power
systems with large-scale P2H devices.

KEY WORDS: power-to-hydrogen (P2H); multi-state; integer
variables; clustered model; large-scale
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Table 1 Comparison of characteristics of P2H technology
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Fig. 1 Diagram of relationship between the working
state and switching process of the P2H device
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Fig.2 Wind power and load curves
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Fig. 4 System cost errors of different methods
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Table 4 Numbers of P2H devices in different clusters

B B WA pu C1 c2 c3
1 200 (100,100) (70,70,60)
2 400 (200,200) (140,130,130)
3 600 (300,300) (200,200,200)
4 800 (400,400) (270,270,260)
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Table 5 Errors after clustering in different cases
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1 0.81 0.09 2.66 0.72 5.65 1.03
2 1.28 0.19 3.56 1.29 6.25 1.67
3 1.94 0.18 6.58 0.89 8.13 1.4
4 1.27 0.13 43 1.51 14.46 1.53
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Fig. 8 Solution time and
acceleration ratio in different cases
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Table A1 Parameters of three P2H devices in case 4

ZH AWE PEME SOE

R IMW 0.6 0.6 0.6
R IMW 0.15 0.03 0.06
pLIMW 0.09 0.09 0.09
7 0.7 08 0.9

7 05 05 05

Pz IMW 0.3 0.3 0.3
R IMW 0.075 0.075 0.075

T 1 1 4
r/(MW/15min) 0.075 0.15 0.045
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