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ABSTRACT: [Objectives] Under the background of the
development of new power systems, a system efficiency

BEEWE: 2 SR FEEH I H (GXXT-2023-065)
Project Supported by Anhui Provincial University Collaborative
Innovation Program (GXXT-2023-065).

measurement framework considering photovoltaic cluster
ancillary services (CAS) is designed to clarify the support
mechanism of CAS on the system electricity-carbon
operational efficiency. [Methods] Based on the power grid
carbon flow theory, a system carbon flow -calculation
method under the CAS mode and a cluster classification
approach integrating carbon flow indicators are proposed. An
efficiency evaluation model is developed with photovoltaic
power output as the input indicator and electrical quantities
and carbon flow as the output indicators, to analyze the
coupling mechanism among multi-dimensional indicators of
the system, and simulation verification is carried out on the
improved IEEE 14-bus system. [Results] CAS can optimize
the system electricity-carbon indicators. The all-time line loss
rate is 4.220%-4.955%, the maximum voltage deviation is
6.000%-6.200%, the frequency deviation during peak and
valley periods of the system is controlled within +0.080 Hz,
the carbon emission factor is reduced by about 16.500%, and
the average node carbon potential fluctuation is reduced.
[Conclusions] CAS can improve key system electro-carbon
indicators, reduce the system line loss rate, voltage deviation,
and frequency deviation, lower the carbon emission factor and
the average node carbon potential fluctuation, thus improving
the energy-saving and carbon-reduction effect of the system.
The findings can provide references for the formulation of
low-carbon operation optimization strategies of new power
systems and the allocation of new energy ancillary service
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Fig. 1 Comparison of electrical quantity indicators
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Fig.2 Comparison of carbon flow indicators
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Tab.1 Cluster partitioning results

B AR KB qfi
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Tab. 2 Sensitivity weight distribution of each evaluation
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AR TR ORI RS RIS R
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Tab.3 System efficiency under different CAS modes
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14:00 1.000 1.000 1.000 1.000
15:00 1.000 0.901 1.000 1.000
16:00 0.868 0.850 0.860 0.850
17:00 0.988 0.867 0.994 1.000
18:00 1.000 1.000 1.000 1.000
19:00 1.000 0.313 1.000 1.000
20:00 1.000 0.425 1.000 1.000
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Tab. 4 Influence pathways of different entities on

electrical quantity indicators

MRS ELE PR AR
PR dwsmE  RmE
4 1 -0.29 -0.27 -0.27
14 2 -0.20 -0.19 0.20
12 3 -0.26 -0.24 0.25
1 4 -0.21 -0.20 0.21
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Fig. 3 Influence pathway of cluster 1 on system electro-

carbon indicators
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