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energy market under Scenario 2
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Table 2  Electricity purchase costs with
different EVA scales

VA /el MBI L
#i Wbk /R WA/t o
500 4066882.45 194310.00 4261192.45
1000 4066844.32 190250.00 4257094.32
2000 4067012.70 188680.00 4255692.70
3000 4067009.26 188100.00 4255109.26
5000 4066968.77 187530.00 4254498.77
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Clearing mode of electric vehicle load participating in frequency regulation
ancillary service market considering substitution effect

CUI Yang',ZHOU Feijie',ZHAO Yuting',LIU Xinyuan’, HAN Chuanding’
(1. Key Laboratory of Modern Power System Simulation and Control & Renewable Energy Technology,
Ministry of Education,Northeast Electric Power University,Jilin 132012, China;
2. State Grid Shanxi Electric Power Research Institute,Taiyuan 030001, China;
3. China Southern Power Grid EHV Transmission Company,Guangzhou 510000, China)

Abstract: In the context of continuous increasing grid-connected proportion of new energy sources,it is an
important trend of market exploration of frequency regulation auxiliary service mechanism to expand the
main providers of frequency regulation auxiliary service on demand,introduce load-side resources to provide
high-performance frequency regulation services,and gradually diversify the market competition. Therefore, the
market competitiveness of EV (Electric Vehicle) participating in frequency regulation auxiliary service mar-
ket under current clearing mode and compensation mechanism is analyzed,and a bidding price correction
method of frequency regulation resources considering substitution effect is proposed. The sequential and
joint clearing models of frequency regulation auxiliary service market and electricity energy market are es-
tablished respectively. Based on the analysis of EVs’ travel data, a compensation price response model
based on battery loss cost is established according to the current battery selling price. Combined with the
joint clearing model and compensation price response model,the utilization rates of EV participating in the
frequency regulation auxiliary service market are calculated based on the current price ranking and the
price ranking considering the substitution effect of fast frequency regulation resources. The simulative re-
sults show that the current compensation price can not motivate EVs to participate in the frequency regula-
tion auxiliary service market, so the price ranking method needs to be improved reasonably. While the
price ranking method considering the substitution effect can increase the bidding rate of EVs and reduce
the expenditure of frequency regulation auxiliary service market.

Key words:electric vehicles;frequency regulation auxiliary service;electricity market;clearing mode;fast fre-

quency regulation resources;substitution effect;joint clearing
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Table A2 Substitution effect index of fast frequency modulation resources

BRI A U o L A bR PR A B A L L [ERAWS VA (RN PR A B A L L RN VA R
0 2.9 0.14 1.885 0.28 0.870
0.01 2.828 0.15 1.813 0.29 0.798
0.02 2.755 0.16 1.740 0.30 0.725
0.03 2.683 0.17 1.668 0.31 0.653
0.04 2.610 0.18 1.595 0.32 0.580
0.05 2.538 0.19 1.523 0.33 0.508
0.06 2.465 0.20 1.450 0.34 0.435
0.07 2.393 0.21 1.378 0.35 0.363
0.08 2.320 0.22 1.305 0.36 0.290
0.09 2.248 0.23 1.233 0.37 0.218
0.10 2.175 0.24 1.160 0.38 0.145
0.11 2.103 0.25 1.088 0.39 0.072
0.12 2.030 0.26 1.015 0.40 0.001
0.13 1.958 0.27 0.943 0.41~1.00 0

x A HNABTEH
Table A3 Operation parameters of units

y . "N 2 o e/ WAZHL N A
ML BKHIIMW  BANETIMW RS R/ TGN UMW) ot BUNBER AN HLALEY/(MW/h)

G 455 200 31500 0.00336 113.4 7000 6/6 1000
G2 455 150 35000 0.00217 121.1 6790 5/5 1000
Gs 130 30 3850 0.014 116.2 4900 5/5 500
Gy 130 25 3920 0.01477 115.5 4760 5/5 500
Gs 162 45 6300 0.02786 137.9 2450 5/5 500
Ge 80 20 1190 0.04984 156.1 2590 3/3 300
G7 85 25 1820 0.00553 193.9 3360 3/3 255
Gs 55 10 210 0.02891 181.3 4620 1/1 200
Gy 55 10 210 0.01554 191.1 4655 1/1 200
Gio 55 10 210 0.01211 194.6 4690 1/1 200

R A4 HABERN KR MERESH
Table A4 Unit quotation and performance parameters
HLAL  HIRME/CU/MW)  HIREE/MW  RIREE S IREE-ARE e SRR B IERNIRN/OT/MW)

Gi 6 68 0.15 10 0.8 7.500
G2 6.5 68 0.15 10 0.8 8.125
G3 7 26 0.20 10 0.9 7.778
Gy 5.5 26 0.20 10 0.8 6.875
Gs 6 16 0.10 10 0.8 7.500
Ge 5.5 16 0.20 10 0.7 7.857
G7 7 16 0.20 10 0.9 7.778
Gs 7.5 11 0.20 10 0.9 8.333
Gy 6.5 11 0.20 10 0.8 8.125

Gio 7 11 0.20 10 0.7 10.000
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