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Low-carbon optimal scheduling of a power system source-load considering coordination
based on carbon emission flow theory
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Abstract: In a low-carbon power system, the demand side gradually participates in power system scheduling, providing
new approaches for reducing carbon emissions. This paper proposes a two-stage low-carbon optimal scheduling model for
power systems considering carbon emission flow theory and demand response based on carbon prices. First, power
system economic dispatch is proposed as the first-stage model. Secondly, based on the Shapley value carbon
responsibility sharing method, a calculation method for the reasonable range of carbon responsibility of each load bus is
proposed. A method of formulating the step-wise carbon prices is proposed, and then the distribution of demand side
carbon emissions and the carbon emission cost based on carbon emission flow theory are calculated. The demand
response low-carbon scheduling is proposed as the second-stage model, using the demand side adjustment capability to
reduce the carbon emissions. Finally, based on the modified PIM-5 bus system, a case study is performed on the scenario
of all thermal power plants and the scenario with a wind power plant, and the carbon emissions and their costs in the
system in different scenarios through simulation examples are analyzed. At the same time, it is tested in the IEEE-118 bus
system, and the results verify that the model proposed reasonably calculates the carbon emission responsibility, effectively
reduces the carbon emission of the system, and verifies the rationality and feasibility of the proposed model.
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Fig. 1 lllustration of carbon emission flow in power system
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Fig. 2 Illustration of carbon emission flow in power system
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Fig. 7 Intervals of step-wise carbon emission prices
in the case of all-thermal power units
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Table 4 Comparison of operating costs and carbon emission
costs before and after considering demand response
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Table 5 Comparison of total carbon emissions of nodes
before and after considering demand response
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Fig. 8 Wind power output results before and after

considering demand response

1100
1 000

900
800

Bifif /MW

700}
600F

5001

400
0

2 4 6 § 10 12 14 16 18 20 2 24
B

B9 ZEEFKRMEAIGAFTER
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Table 6 Comparison of operating costs and carbon emission

costs before and after considering demand response
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Table 7 Comparison of total carbon emissions of nodes
before and after considering demand response
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Table 8 Comparison of operating costs and carbon emission

costs before and after considering demand response
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Table 9 Comparison of total carbon emissions of nodes
before and after considering demand response
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