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Abstract

The integration of high-proportion renewable energy sources has intensified peak regulation pres-
sure on power systems, presenting dual challenges of insufficient flexibility and rising operational
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costs for traditional thermal power-dominated peak regulation models. To address this, this study
proposes a hydrogen energy storage-assisted thermal power unit peak regulation strategy incorpo-
rating demand response. Firstly, based on the operational characteristics of hydrogen energy stor-
age system components, a strategy is developed where hydrogen energy storage units and thermal
power units share rotational reserve responsibilities. This approach improves system peak regula-
tion flexibility and alleviates thermal unit load. Subsequently, a demand response model is formu-
lated to balance user energy comfort and electricity purchasing satisfaction. By dynamically adjust-
ing electricity prices and loads while accounting for consumer psychological preferences, the strat-
egy aligns with real-world behavior patterns. Furthermore, the combined effects of demand re-
sponse and hydrogen energy storage are leveraged to achieve synergistic dispatch, maximizing re-
newable energy integration and minimizing net load peak-to-valley differences. Finally, simulation
analysis using a modified IEEE 30-bus system demonstrates the proposed strategy’s effectiveness
in enhancing peak regulation performance and economic efficiency.
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Figure 1. System operation structure diagram
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Figure 2. Model solving flowchart
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Figure 4. Real-time price response diagram
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Figure Al. Modified IEEE 30-bus system topology diagram
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Figure A2. Typical day wind, solar and load output forecast diagram
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Table Al. Hydrogen energy storage system parameters table

* AL SfiERERGSHER

24 HfH

e 70%

Ve, 5263 MW-h/Mm3
M 0.98

Mec 55%

Vee 0.07 YMW'h
Kev 22 JL/MW-h
Kec 100 J5/MW-h

ZH Hifl
Ep, 40t
Ket's 0 JL/IMW
KeLo 22 JEIMW
ke, 100 Jo/MW
Kee, 0 JTL/MW
ke, 0 JL/IMW
Ex, min 7t
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Table A2. Thermal power unit parameters table
F A2, NEHHESH

‘ HRRH A R
g HAER HUIFR ey %
IMW IMW /(MW/h) a o ot
[e/(Mw)?] Do/(MW)]
1.13 200 50 100 0.2625 140 2607.5
2.8 80 20 48 1.225 1225 2466.1
3.11 50 15 30 4.375 70 22155
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