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Abstract: Renewable energy sources such as wind power
and photovoltaics connected to the grid on a large scale have
increased the peak regulation pressure of the power grid.
Therefore, the power grid needs to consider the use of demand-
side resources for peak regulation. This study designs a peak
regulation ancillary service market mechanism considering the
participation of virtual power plants (VPPs) from three aspects:
transaction organization, transaction process, and transaction
settlement. Further, it proposes that thermal power units and
VPPs equally participate in the bidding of the deep peak
regulation market. A day-ahead clearing model and a real-time
clearing model of the peak regulation market are presented. They
adopt paying as the bid mode. The thermal power unit and VPPs
can gain profits according to the actual peak regulation capacity
and the bid prices. Finally, a case analysis and numerical results
show the effectiveness of the proposed market mechanism and
the clearing model.

Keywords: virtual power plant; equal bidding; deep peak
regulation; market mechanism; clearing model
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capacity
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Fig. 2 Deep peak regulation market transaction process
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Table A1 Bidding information of thermal power units
E— EHY E=HY
ARMA  MAREMY mems Ll EEERR oo WEEN  AREE

/(7T -(MWh)™) /(T -(MWh)™) /(TT -(MWh)™) /MW

k1 300 235 30 355 15 450 10

k2 400 230 40 340 20 430 20

k3 400 225 40 335 20 470 30

k4 500 220 50 330 25 440 30

k5 600 215 60 325 30 455 40

RA2 SHNEMTENHENEPRETE
Table A2 "Winning bid capacity of each unit under two independent market modes
MW
A B X1 X2 A3 X4 X5 VPP1 VPP2 VPP3

1 20 40 40 50 60 50 40 0
2 30 40 40 50 64 50 46 0
3 30 40 40 50 78 50 52 0
4 30 40 40 50 85 50 55 0
5 30 40 40 59 90 50 61 0
6 30 40 45 75 90 50 70 0
7 30 60 60 75 90 50 70 15
8 45 80 60 75 90 50 70 30
9 45 80 60 75 90 50 70 30
10 45 80 60 75 90 50 70 30
11 45 80 60 75 90 50 70 30
12 45 66 60 75 90 50 70 24
13 30 53 60 75 90 50 70 12
14 30 40 45 75 90 50 70 0
15 30 40 40 50 85 50 55 0
16 20 40 40 50 60 50 40 0






