%15 % % 10 # it B& A ¥ 5 # K Vol.15 No.10
2026 £ 10 H Energy Storage Science and Technology Oct. 2026

| EEERAREFMN |

R AP XUBE 3R 2 Y i REIZE 1 5 % it Bt R 19 3 i1 B

ﬁIjZ”, P k& WISOE, PR
C=BeRFRAR TR R, Bt 55 443002; “BRIOK R IEAT SRR B RS E (=
e ks, Ak B A 443002)

T E: AR XA HRABCIEN, A © ) 2 AEBEATIE ML WEES SR EER, ﬁiméﬁ
AGEMSEIEIRIL S DT T ednts, FRSMETIRECE 2, KRR E —F R R IR 3) 69 fik deis 2
53 MR R R AR, B, ATEMMNAL AMES LEELNERIEIEAR, 5 AL MNE— éﬁ;
MR BN A RERNERFA LA FE, AR, ZIAFTHEETHE MO IAEFELY, LEES
HREGRT, ARKMEZHEEETHNEN BATH A PERS;, TESMMBTNIHRHERLF, HBiEE
AL BRI L L BT T R, RAKTEMALE &S CPLEX R BARL & RMBAEA . AR
HOM5 B RE, PTR T ERBA SERAEH R B A A R0 B3R R 4F AR, A FRZ FRAM T 474 B 4%
Kp kS, RIS SRk BSR4k, R AERX TS MeNgMeEsshE20EE R
A EAKL 10% 2 8%, % MM 45 R AEAK 543970, S IAk 46 TR B EHAL S H) A R 6 RI AL,

KEEE: #FA R R BAFRRNE; R FE6E, AT, #FELR A M

doi: 10.19799/j.cnki.2095-4239.2026.0463

FEISES: TM73 YHFRERE: A NEHS: 2095-4239 (2026) 10-4204-12

Tail-risk-driven coordinated stackelberg game scheduling
between energy storage operator and multi-microgrids

FU Wenlong"? CHEN Jingbo', WEN Zihao', ZHANG Xin', HU Wentao', SUN Xiaojiao'
("College of Electrical Engineering, China Three Gorges University, Yichang 443002, Hubei, China; *Hubei
Provincial Key Laboratory for Operation and Control of Cascaded Hydropower Station (China Three Gorges
University), Yichang 443002, Hubei, China)

Abstract: With the large-scale integration of distributed renewable energy, the operation of
new power systems is shifting from traditional deterministic scheduling to scheduling under
high uncertainty. To enhance system resilience under extreme renewable energy fluctuation
scenarios and improve the allocation efficiency of energy storage resources, this paper
proposes a tail-risk-driven coordinated Stackelberg game scheduling strategy between an
energy storage operator and multiple microgrids (MMG). First, a multidimensional
comprehensive risk proxy index is constructed based on the net output of the multi-microgrids,
and a conditional value-at-risk (CVaR) consistency calibration mechanism is introduced to
generate typical scenarios with tail-risk preservation. Second, a Stackelberg game model
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between the shared energy storage operator and the multi-microgrids is established. At the
upper level, CVaR constraints are considered, and the scheduling strategy is formulated with
the objective of maximizing the benefit of the shared energy storage operator. At the lower
level, the multi-microgrids respond to upper-level price signals through internal power mutual
support, energy storage capacity leasing, and charging/discharging strategies. Finally, the
model is solved by combining particle swarm optimization with the CPLEX solver. The
simulation results of the examples in this paper show that the proposed method can effectively
characterize the tail-risk features of renewable energy output uncertainty and suppress tie-line
power fluctuations at a limited economic cost. Compared with the independent energy storage
configuration mode of each microgrid, the coordinated scheduling mode reduces the energy
storage capacity and power configuration requirements of the multi-microgrids by
approximately 10% and 8%, respectively, and reduces the MMG-side comprehensive cost by
5439 yuan, thereby achieving coordinated optimization of energy storage configuration scale
and utilization efficiency.
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probabilities for each microgrid
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