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Robust optimization scheduling for multi-microgrids with shared

energy storage considering multi—agent interest games
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Abstract: To address issues such as multi-stakeholder conflicts, energy transaction default risks, and renewable
energy output uncertainty in multi-microgrid systems, this study proposes a distributed robust optimization
scheduling method for multi-microgrids incorporating shared energy storage, which accounts for multi-
stakeholder interest dynamics. First, a master-slave game model is constructed with the shared energy storage
system as the leader and multiple microgrids as followers. The upper layer maximizes profits by adjusting the
leasing price of energy storage services, while the lower layer microgrids respond to the price and optimize their
leasing plans and operational schedules to minimize their own operating costs. Second, a credit assessment
method is introduced into the lower-layer multi-microgrid transactions, designing a distributed energy trading
mechanism that combines price with credibility to effectively incentivize both supply and demand sides to engage

in voluntary, trustworthy transactions. Third, addressing renewable energy output prediction errors, a
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distributed robust optimization dispatch model based on moment-information-based fuzzy sets is constructed.

This is transformed into a mixed-integer second-order cone programming problem using Chebyshev's inequality

for solution. Finally, case study simulations validate the proposed method’s effectiveness in reducing system

operating costs, smoothing net load fluctuations, and enhancing transaction reliability.

Key words: shared energy storage; multi-microgrids; stackelberg game; distributionally robust optimization;

credit assessment

B XURR ” H B 04 B 2D HE 5 00 A X RE R Y
i LG A, A 8 AR B ) (Microgrid , MG) IE
B ) Z2 G, ) D3 el o A7 A U . il T MG TR Y
fAE & B.UF 5 B E R R, 2 000 M R S RE 8 A A 4R T
B RGE AT I 2 TF P SR RE IR TE AN K . SR, Tl
FRAERE IR th I AT e PEXT R G AT R E M AL T
R kAR, BE AR I D R s ARG R
TR R OCHE T B PR, el X A i B 1 22
HL I 3R 8 HEAT U W] D0 A0 3 B2, © B hy iR AR i 2 1) O
)

Sy fifk e oy A 2 A R C AR = R R Y
R, e A R AR S — ORI 0 R AR B R Y
of BRI A S GRS, AT SE LA Re e R B O Ak e
B AR, SR Kk S A% BB & 4t (Shared
Energy Storage System, SESS){E & 7 57 F £5 &£ &
FIAJG, RGMEZ A N & L2l fe 5 2 ok
WTE N Y 2 0 25 FAREHY 2% T4k B bR 5, B L
TR MR £ IR OC & o AT I BRI G i A
KBS R RS I I A7 S RSy L E N
RGEBMMACTRAE T A M R BIHESL . SCHR[5 148
T P = A R Y 22 1 9k O U IR E AN A
FI ] Stackelberg 18 25 V-] 1 it 8 iz & T 1Y &L A U
SR Y HE A R AL A . SCHRL 6 JHE— 2D
LA H, R Ry 45 G B R S kS A R i e
T A R BE Y — 32 22 NI IR I B A B 2 T B
PSR, LT 2 E0RA a5 M. 8, Bk oF
TR BE T BT RE IR 0 i BEAL M S s L O &R
SRR BT R T IR PR AR o BERIX — R
K B AL 00 Ak A0 00 AL (B 1% 38 i BE LA AL (Sto-
chastic Optimization, SO )" &5 B 4K 50K B (1) HE 5 43
A, i & #% 4 1k (Robust Optimization, RO) "™ [y He
SRR T MLZ T, o0& i ik
(Distributionally Robust Optimization, DRO) &z it T
TR JRy B G A AR N B P R R G
I T RGBT T R R

AN, Z 50H B 4 MG Z [ WA 7E B
REAC T oK, ASE IR R BLUF . SCHRL12-14 1480k T

Z M e eI E I ST IRAE R AR T T 260
W3z 47 8%tk BB BE IR 4 A< o SCR [15] ik — 20 4
T 2B R R 0 3% 52 S e ) 2 B L fk R R
RS i 5 e 15 B VR BC 32 5 % 42 B AR T &R Si2x
A . SR, B WS 2 RS By AR o s
15, 2 1 2PRis A7 i & MG AR gl < F) 45 4K, 78
F R M 58 RE TR HR 0 i 22 1 XUE B2 R A AR A
S S i A AR . R, T LA A B
AR MG Z RS 1TH

B LRI SE B R AR SCHR Y — il % 8 fiE
52 5y W) L TR RE 22 e I A B B I AR R R D7
%o EZTTHRATE

1) BT & 3L 52 4 BE 19 2 B W) R e b 4% K
25 vh 2 ) 0, 4 DL SESS A4 T # 4 MG R R
B 1 2N IE A TR BEAE R o Forp, L= g R
SE B BRI fif BE AL BT O A% 51 = 45 Bl AR Az A7
R, T SESS 55 MG By M) 53 42 5 [R) e, $& 7+ 1 &
K2

2) B Xk 2 Bl A2 B SRR TR A 51 A Y i
2y, Beit T — Bl LA 1F R VAl A9 fE IR 5 5 L
il o I £ G 15 7 (8 20 2 8 B 45 TR I 9 52 B
Je 9 5T SRR WO IS XU A R SE AR R
2, BG5S S IR E T S TR

3) BT X X DBAR s B B S R T o A
BB F R BEAL S B —/ B (R R
TSR B R DL 0 HE T A O 24 SRR 48 h A
Bl 205, SR A7 559 1 SR B g A5 L 2 3 o TR
K0 I S S DR i, SE B TR G R AR 22
DrE S A R 2 ) BT RO A

1 Z0H &R ge 284 e AL e 1A JEE B
A HIL

Z MG R M HAZBATHNE 1R, S5 i
MG P T BE 5 52 Bt 7 D 25 T0000 6 B, oK 7 AR A )
AR TP RO RS AT AR C TR . I, MG 3
TGN iz 17 5w - HE 50 T 40 A H 3 RE IR BE I B 5 1
3 TR R, BN SESS W SE iR 45 5% 5 Hiflt MG



FEAZ 5 25 8 22 S M) 2 9% 0 5 3L 2 6 E 2 B v 00 A 45 R 1 081 2 3

HEAT 22 5y LA R 115 8 0 A Ak, UG Se 7 e
WA 1] HE 4752 5y, R A 38 4l 25 I L 190 0] e

Y ———— ————————————

kM I/Jimg—ﬁ%‘ﬁ"‘é
| ;
I
| 4
«—>
I “‘ ‘
5 I L
et g ! :
Iy .
i <
z 4
LG /"MG1 2
R iz |
17kl

1 ERENARFZREARZETATEER

Fig. 1 Schematic diagram of multi-microgrid system ar-

chitecture and interaction behavior
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Table 4 Comparison of SESS and MG costs before and

after optimization

MG1A/ MG2A/ MG3 A/ SESSHA/

WIR7S
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Fig.4 Comparison of net load of each MG
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Table 5 Comparison of parameters under the influence

of uncertainty

Sk A/ ffReM STk LMW HFXEE
JG 1 /kweh 1 /kweh 1 /kweh
Jrik2 7239.09 3283.24 1837.26 2594.40
Fik3 8025.86 5926.41 2892.93 451.22
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Fig. 5 Comparison of the impact of risk coefficients under

different optimization algorithms
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Fig. 6 Trading tariffs under different schemes
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Table 6 Comparison of the cost of each microgrid un-

der different trading mechanisms

RS MG1 R A /T MG2 R A /ot MG3 R A /Tt
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Jik4 2097.54 3072.57 2718.36
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Fig. 7 Optimization results for each MG
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