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ABSTRACT: Given the constraints of the “dual carbon” goals
and  “dual policies,
spatiotemporal differences in electricity carbon emissions and
evaluating the low-carbon operation levels of power systems
are crucial. This study proposes a new evaluation method for
low-carbon operation in power systems,
spatiotemporal differentiation. By normalizing statistical
indicators across spatiotemporal scales, it addresses the
limitations in indicator applicability. A multi-dimensional
evaluation indicator system is constructed based on the carbon
emission factor method and carbon emission flow theory,
reflecting the impacts of power structure transitions, grid
operations, and policy regulation. The random forest algorithm
is used to optimize indicator weights, and the technique for
order preference by similarity to ideal solution (TOPSIS)
method is applied for comprehensive evaluation. Applications
show the method effectively reflects low-carbon operation
performance, enables spatiotemporal
supports decision-making for low-carbon management in
new-type power systems.
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Fig. 1 Carbon sources and carbon flows in the power system
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Fig. 2 Spatial and temporal differentiation characteristics
of carbon accounting in the power system
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Fig. 3 Relationship between multidimensional carbon emission indicators and system operation results
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Fig. 5 Weight of carbon emission indicators under RF and entropy weight method
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Table 1 Cases setting for comprehensive evaluation of
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Table 2 Variations in load and wind-solar
penetration rate at different stages of the same system
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Table 3 Installed capacity of
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Table 4 Ranking of low-carbon operation levels for

systems with different operating modes
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Fig. 6 Evaluation index values for
low carbon operation at different stages of development
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Fig. 7 Dimension values for low-carbon operation
evaluation at different stages of development
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Table 5 Comprehensive ranking results of
low-carbon operation levels in different stages of system
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Fig. 8 Evaluation index values for low carbon operation in different regions
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Table 6 Comprehensive ranking results of
low-carbon operation levels for different regions
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