15 % 5 2 1 fd #e A ¥ 5 & K Vol.15 No.2
2026 £ 2 H Energy Storage Science and Technology Feb. 2026

| tEEERGS TR |

ETHIFRDNESERREMEEM AR T &

FRRAETE, BB, Tk T R, KA
CoEM M A w BRI FE pt, S SEFH 550002; *51/HE ¥R i/ RStiaiTHEMH &8
A SERE, B SR 550000; 25t LR 2w H R RERIBE FT 0 N A AR, St
5tPfH 550002)

W OE: MENL. LREFEFHSHER & FLERIA, MRIESHAE@IERH AL EL2EHWE AE. HEEEE
Bt R S RAIERAMRI . A A B S A, FRA THEAER AR T & AR A
W ERME. B RARRAAER. A LR RS, KRB A HIE IS 69 ik Rt B o A RAALIRE 7 ik
HTAALMIEMR-IES 2 BAHM. MRBE. FA ST HFIE, BALASRRWE. 2HREE. KT
I @ e EATIK, MBI “RIBF - FHEBR-FIERE” SRR TMAIIRR, ESRTHN. RKEE
. THWHBFZREHEERE, BRGFENEHKIEE, QFTHGRSIRRF I H5REBMF IHR, &t
B koA XA EARR, SR PR AL A B RA KRR AR, @i — MR Aok I KR A AR AR S ARG
54 BRI KA AT, B RIRMIE AN TR T, ShAmEEE&E it BRREREHF
FBAR TN R, LA IR A R R R AR R IR 04 S AIE S AR R BT, R F4RHA MR-IES T &
ARG NRA B L BIBETHG, AHLEETHARBEATORRESREZAWRIRARBET KELE
J 5 A1) 37 1 0 K AR

FHER: AR A% fEAL; FIBIRS); RILEE; 4%

doi: 10.19799/j.cnki.2095-4239.2026.0006

FESHES: TM73; TKO1 XEktREEE: A NERS: 2095-4239 (2026) 02-579-04

Data-driven optimal scheduling method for energy storage in
integrated energy systems

LI Qingsheng"?, CAl Quan®®, ZHANG Yu"?, MOU Xuepeng"?, ZHOU Yiran**®
("Power Network Planning Research Center of Guizhou Power Grid Corporation, Guiyang 550002, Guizhou,
China; ?Guizhou Provincial Key Laboratory of New Power System Operation Control ,Guiyang 550000,
Guizhou, China; *Guizhou Power Grid Company Power Grid Planning Research Center Talent Workstation,
Guiyang 550002, Guizhou, China)

Abstract: With the continuous increase in the proportion of volatile power sources such as
wind power and photovoltaics, the scheduling of multi-region integrated energy systems (MR-
IES) faces prominent challenges, including the imbalance between regional autonomy and
global synergy, insufficient adaptability of physical modeling, difficulties in multi-source data
privacy protection, and complex uncertainty regulation. Traditional scheduling methods based
on physical models can no longer meet the requirements of high precision, real-time
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performance, and multi-objective optimization. To address these dilemmas, this paper
proposes a data-driven energy storage collaborative distributed optimal scheduling method.
Firstly, it systematically sorts out the core characteristics of MR-IES, namely multi-source
heterogeneity, collaborative coupling, and interest diversity, and clarifies its operational
challenges in cross-regional coordination, multi-constraint compatibility, and fluctuation
suppression. Subsequently, a full-process preprocessing system of "data cleaning-
heterogeneous conversion-feature fusion" is constructed, integrating multi-dimensional
massive data such as source-load prediction, equipment operation, and market prices to form
a high-quality training dataset. Innovatively integrating federated learning and deep
reinforcement learning technologies, a multi-agent distributed scheduling model is designed.
The scheduling problem is transformed into a Markov decision process, and the consistent
coordination algorithm is used to realize the parallel advancement of regional energy storage
independent optimization and global collaborative optimization. Under the premise of strictly
ensuring regional data privacy, it dynamically outputs equipment power generation plans,
cross-regional energy transmission schemes, and energy storage charging/discharging
strategies. This data-driven scheduling method can not only ensure regional autonomy and
data privacy but also significantly improve the renewable energy absorption capacity and
global operational efficiency of MR-IES. It provides a practical and innovative technical path
for the collaborative optimization of regional integrated energy systems under the access of
high-penetration renewable energy.
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