505 1
2026 F 1 H

CIN CE 5 NS

Power System Technology

Vol. 50 No. 1
Jan. 2026

XEHS: 1000-3673 (2026) 01-0092-10

FESES: T™M 721

% IS S YEBR B R HE SR B Y 2 W BC B R %

MRS : A FRMRED: 470-40

PEAMIVEE

X

5 4

pai

T AExR, RE', A2, KEES, Z2IF!

(1. PEF L RFEAIALFR, THE HNT 221116;

2. HATAZRGNE 5 EHHTHE RS

BEHFRERF), THE R 210096;

3. ANLREECIRETHELREFRALBRE RFRE(TAAILKRS), RFET JLKRE 300401)

Hierarchical Distributed Scheduling of Multi-microgrid Distribution System Considering

Multi-dimensional Linked Carbon Emission Reduction Strategies

LYU Chaoxian', XING Runfa!, LIANG Rui', WANG Ying?, CHAI Yuanyuan®, QU Kaiping'
(1. School of Electrical Engineering, China University of Mining and Technology, Xuzhou 221116, Jiangsu Province, China;

2. Key Laboratory of Measurement and Control of Complex System of Engineering (Southeast University), Ministry of Education,

Nanjing 210096, Jiangsu Province, China;

3. State Key Laboratory of Reliability and Intelligence of Electrical Equipment (Hebei University of Technology),
Beichen District, Tianjin 300401, China)

ABSTRACT: To achieve low-carbon operation and protect
privacy when a multi-microgrid (MMG) interacts with the
distribution network (DN), this paper proposes a hierarchical
distributed dispatch model for the multi-microgrid distribution
system (MMDS) that considers multidimensional, linked
carbon-emission reduction strategies. Firstly, the microgrid
(MG) implements the carbon capture system (CCS) and its
coupling equipment to establish a CCS-power to gas (P2G)
cycle carbon reduction model under the conversion mechanism
of energy flow and carbon flow. Furthermore, the load
energy-use curve is optimized by an incentive demand response
(DR) mechanism to enhance the energy efficiency of CCS,
thereby facilitating low-carbon operation. Secondly, the carbon
emission flow (CEF) theory is introduced at the DN level. It
utilizes the node carbon potential as a signal for reducing
carbon emission, which facilitates the equal sharing of carbon
responsibility to quantify the interactive power and enhances
the carbon reduction benefits of synergistic and complementary
relationships between MMG and DN. Finally, under the
optimal operation mechanism of carbon quota and carbon
trading, a low-carbon

operation  strategy with a
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multi-dimensional linkage mode is formed through the above
diversified measures. A hierarchical distributed approach based
on analytical target cascading (ATC) is employed to decouple
interaction variables and enable a distributed solution for each
operating entity. The numerical results show that the proposed
strategy can significantly improve carbon economic
performance, and the distributed algorithm can deliver an
accurate and effective solution with limited information.
Furthermore, it can be effectively applied to large-scale,
complex systems and typical day-to-day cases across different

seasons, with a certain degree of general applicability.

KEY WORDS: multi-microgrid distribution system; carbon
capture; carbon emission flow theory; multi-dimensional linked

carbon emission reduction; analytical target cascading
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Fig.1 CCS-P2G-equipped structure of microgrid
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Fig.2 Multi-microgrid distribution system structure with physical-informational multi-layer collaboration
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Table D1 Optimization result of typical day examples for
different seasons
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Table D2 Algorithm validation for typical days in
different seasons
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Table D3 Optimization result of large-scale node cases
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