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Abstract

With the rising share of renewable energy, source-load uncertainty presents significant challenges
to integrated energy system operations. This paper introduces a two-stage robust optimization
method for integrated energy systems with hydrogen energy storage, accounting for source-charge
uncertainty. It achieves multi-energy coupling and cross-cycle adjustment through hydrogen energy
storage, thereby improving system economy and reliability. Specifically, first, an electricity-
hydrogen-heat multi-energy flow coordinated operation model was constructed, and the
electrolysis/fuel cell bidirectional conversion mechanism of hydrogen energy storage was
introduced; Secondly, a data-driven distributed robust optimization method is employed to address
the uncertainty in wind and solar output as well as load demand. Lastly, an accelerated Benders
decomposition algorithm with adaptive step size is developed to enhance solution efficiency.
Experimental results indicate that, compared to the traditional deterministic model, the proposed
method reduces operating costs by 15.2%, wind curtailment rate by 9.8%, and calculation time by

42%, thereby demonstrating its effectiveness and superiority in handling uncertainty.


mailto:Ydjian1015@163.com

Table of Contents

Fhase I Fromotes Trading Games for Photovollaic Fower Consumption

Fepltime
Electriciy Sales Pariner e.ig;;t;zzg; Load Aggre gator
F —
o NaN oy t:rﬂi:::' o | 7==N
77] bt 1

1] oy did ;

Fesponsive
Distributed Photovoltdes poter
Power Trading Dynamic wltimate bearing
Seheme capaiy

Phase I Distribubion Spstemn AcbvresReactive Power Coordinated Control

I
I I
I |
I Power distribulion 1 oo Engra.,l &orﬂgg I
I systemn e 00 Spstem |
I I
I —o—o—o—o—l—o—o—mT— I
| {510 W—e—e—e . CB_ |
| . & “imiorelia " I

% volizic power
I Floctricih) user ' umm .s'.tablanpo . |
| I
| lectricity Active/Reactive Controliable |
I Power Coordinated Comirol resouree regulation I
I Soheme wzer copabiliy |
I I
| Energy Borage I
- Sjsterm

I LEer I LEer 2 Lizer n = ) I
| - == |
I I
o e e e s S S S S —— — — —— —— i — — —— J

Innovative Description: This proposed method has effectiveness and superiority in handling uncertainty.



