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To address the challenges posed by the unclear spatiotemporal distribution of carbon emissions in integrated energy systems and the difficulties 1n multi-level coordinated

carbon reduction, this project proposes dynamic carbon entropy theory and constructs a precise carbon emission tracking method spanning from source to load side. By

establishing a two-level optimization model based on carbon entropy and a dynamic carbon pricing mechanism, the project enables coordinated low-carbon operation across two

key hierarchical levels—namely the "transmission—region" and "region—user" levels. The research findings provide novel theoretical tools and technical pathways for constructing

a low-carbon optimization paradigm of cross-level coordinated integrated energy systems.

I Background

This project aims to construct a precise carbon emission quantification method centered on the dynamic carbon entropy theory, breakthrough the bottlenecks of multi-level

coordinated carbon reduction in integrated energy systems, and enable the overall low-carbon, economical, and efficient operation of the system by establishing a cross-level

coordinated optimization mechanism.

(1) Establish a dynamic carbon entropy theory framework: construct a precise carbon emission quantification method centered on the dynamic carbon entropy theory to reveal the
spatiotemporal transmission patterns of carbon emissions within coupled multi-energy flow systems.

(2) Breakthrough the bottlenecks of multi-level coordinated carbon reduction: design a cross-level coordinated optimization mechanism to address the challenges of achieving
coordinated low-carbon operation across transmission-level, region-level, and user-level systems.

(3) Realize system multi-dimensional coordinated optimization: promote the integrated energy system to realize the unified improvement of low-carbon, economy and operational

efficiency through carbon entropy guided optimal scheduling.

(4) Form a replicable technical path: establish a complete theoretical and methodological system to provide innovative solutions and technical support for the deep decarbonization

of integrated energy systems.

II Project Introduction
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