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Abstract

With the increasing penetration of renewable energy, the frequency regulation ancillary service mar-
ket is playing an increasingly important role in guiding the provision and allocation of frequency sup-
port resources. This paper views the frequency regulation market as a strongly coupled, multi-agent
complex adaptive system and proposes a modeling and simulation method based on a multi-agent
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game framework. Market participants are encapsulated as agents according to their characteristics,
and the interactive loop of “bidding-clearing-settlement-feedback-strategy update” is reproduced
on the MATLAB platform to solve for market equilibrium. Case studies are conducted using the cur-
rent frequency regulation markets in Shanxi and Hubei Provinces, which adopt the pay-as-bid (PAB)
and market clearing price (MCP) settlement mechanisms, respectively. The iterative process in each
case converges to a stable market equilibrium. The results indicate that the average settlement price
in both markets exhibits a nonlinear relationship with supply-demand scenarios, and that the av-
erage settlement price under PAB is consistently higher than that under MCP, reflecting the impact
of different settlement rules on price formation and bidding incentives. These findings verify the
effectiveness of the proposed method under different market rules.
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Figure 1. Schematic diagram of PAB and MCP market mechanisms
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Figure 2. Schematic diagram of the compensation method of the FM market
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Figure 3. Framework of multi-agent game system in electricity frequency regulation market
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Figure 4. Simulation flowchart of multi-agent game system for frequency regulation ancillary services market
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Table 1. Basic information of frequency regulation service providers
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1 K H 100 30 0.32 18 3~20
2 KH 100 32 0.35 18 3~20
3 IKH 200 34 0.48 14 6~40
4 K 200 36 0.5 14 6~40
5 KHL 300 1.3 0.23 36 9~60
6 KH 300 1.5 0.25 37 9~60
7 KH 600 1.5 0.34 44 18~120
8 KH 600 1.8 0.35 42 18~120
9 KH 900 1.5 0.48 52 27~180
10 KH 900 1.6 0.50 50 27~180
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Figure 5. Trend of supplier bidding prices under different market demand
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