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ABSTRACT: [Objective] To address the issue of high operational costs in existing distribution networks and multi-
microgrids caused by insufficient exploitation of synergistic flexibility, this paper proposes a coordinated optimal scheduling
strategy for distribution-microgrids considering multi-resource trading of energy, reserve, and carbon emissions. [Methods]
First, by fully considering the heterogeneity in market access qualifications among individual microgrids, a novel asymmetric
microgrid alliance (AMGA) framework is established to enable differentiated entities participating in spot and reserve market
bidding. On this basis, a Stackelberg game strategy between the distribution network operator (DNO) and AMGA is
designed, incorporating a multi-level market clearing mechanism. In the upper-level, the DNO fully accounts for the power
flow constraints of the distribution network and implements dynamic pricing of energy, reserve, and carbon targeting different
market entities. In the lower-level, AMGA explores the energy transfer potential of Electric Vehicles (EV) to achieve
coordinated scheduling of multi-microgrids. Subsequently, an optimization algorithm integrating a bisection method is

employed to iteratively solve the scheduling model. [Results] The proposed strategy effectively reduces the operational costs of
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distribution- microgrid system, improves system economic performance by 12. 83%, and ensures efficient grid operation.

[Conclusions] This method achieves collaborative optimization and fair benefit distribution among multiple entities while

balancing economic efficiency and environmental sustainability.
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Table 1 Distribution grid power parameters

mUs L BRACDIE R s
LGER] F1/IMW (Mvar) (JG/MWh) (JGL/MWh)
GTI1 32 1.2 425 174.0
2 15 2.0 419 180.0
GT3 5 1.5 390 152.4
GT4 12 L5 420 163.2
GT5 25 2.0 430 138.0

LN 1 ® 423

K2 WNTEREZEMERER

Table 2 Microgrid node and device configuration
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Table 3 Economic benefits of the distribution network

under eight schemes JG
ES WAL A Tl B e 95 T o AR SURAR
1 -10767.77 7510.62 -3257.15
2 -10 499.26 7727.94 -2771.32
3 -10 837.87 7727.58 -3110.29
4 -11278.55 7518.45 -3760.10
5 —-10 365.54 7 724.54 -2 641.00
6 —10 848.64 7 618.29 -3230.35
7 -10 899.22 7591.91 -3307.31
8 -10 837.87 7727.57 -3 110.30
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Table 4 Economic benefits of the microgrid under eight schemes It
ES HERA HLAESS S & IS SEN AR HA A SUBAR
1 4179.00 -9 015.62 —4 496.48 -2 8916.09 8 355.00 —29 894.19
2 0 -8 121.48 0 —26 327.45 8 323.67 —26 125.26
3 0 -8 121.48 0 0 5 820.62 -2 300.86
4 1 767.00 —8 254.44 -3 923.86 0 5 800.62 —4610.68
5 1911.00 -8 808.21 0 —28 205.54 8317.99 —26 784.76
6 0 -8 121.48 —1987.20 0 5 820.62 —4 288.06
7 0 -8 103.56 —1988.98 —26 327.45 8 281.53 —28 138.46
8 0 -8 121.48 0 0 5 820.62 -2 300.86
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Table 5 Economic comparison with and without

considering traffic conditions JG
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Table 6 Economic analysis under different EV scales t
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