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Pricing method of charging service fee duopoly alliance based on Hotelling model

SU Shu, LI Peijun, YAN Hui, DING Ning
(State Grid Electric Vehicle Service Company, Beijing 100053, China)

Abstract: In order to reduce the negative impact of large-scale access of electric vehicle charging load on the safe and
stable operation of the power grid, a Hotelling model based duopoly alliance pricing method for charging service fee is
proposed to solve the problem of charging market competition pricing with multi-agent operator charging stations. Firstly,
the respective interests of power grid companies, charging station operators and electric vehicle users in the multi-charge
market are analyzed. Secondly, the Hotelling model is used to describe the distribution characteristics of charging demand
guided by price, and a charging station operator charging service fee pricing scheme in the multi-active charging market is
designed. Finally, the validity of the proposed pricing method for charging service fee duopoly alliance is verified by
simulation analysis.
This work is supported by Key Science and Technology Project of State Grid Corporation of China (No. 52110417001G).
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Table 1 Daily charging service fee in the region under market competition and alliance game model

TP IREE N KR B, X RS 7S B A
Al REAIE 2 iU SRR, A T B SR B (1)
SEBRCN, T B0 oy I R G R T 3 5 4 2R
BE Nt B A H 2. 9. K
10 iz, 7eHLsl B — R MR E0H 1238 4
TEER|T 293 %, FFIEN 76.3%, 253 1 A%,
HAZE B 195 227.2 569/0 #7150 120.0 G,
FEMEh 23.1%. [FII, F8HLS A —RI R4
B 558 G INE] T 1503 5, BAEN 169.4%, 45
BE 1, Hazs B B 75 708.0 JolEnE] T
120 815.2 JG, 4lEA 59.6%.

N %1 1 2 3 4 5 6 7 8
N, Fe L A 0.83 1.10 1.39 1.50 1.62 1.70 1.80 1.82
FoHL B 0.83 1.20 1.57 1.72 1.87 1.92 2.03 2.09
—— FoHLE A 0.83 0.36 -0.04 0.22 1.01 0.65 1.08 0.79
FoHL B 7.43 4.32 3.64 6.82 5.41 6.79 5.48 7.07

IRy %1 9 10 11 12 13 14 15 16
— FaHLE A 1.80 1.77 1.78 1.81 1.69 1.57 1.52 1.40
FuHLYG B 2.06 2.09 2.07 1.94 1.93 1.89 1.73 1.54
o FuHLE A 1.14 0.74 1.10 0.72 1.24 0.85 -0.81 1.17
FaHh B 5.54 6.86 5.61 6.96 6.61 321 5.79 6.95

21 17 18 19 20 21 22 23 24
. FeHLE A 125 1.16 1.12 1.04 0.98 0.96 0.93 0.90
s FuHLYG B 137 1.30 121 1.10 1.05 1.00 0.95 0.93
B FaHLE A 0.90 1.26 1.18 1.09 1.03 0.98 0.94 0.93
FuHLYG B 7.50 7.86 7.78 7.69 7.63 7.58 7.54 7.53

2 25 26 27 28 29 30 31 32
— FaHLE A 0.86 0.85 0.85 0.84 0.83 0.83 0.83 0.83
FaHh B 0.89 0.87 0.87 0.85 0.83 0.83 0.83 0.83
—— Fe L A 0.89 0.87 0.87 0.83 0.83 0.83 0.83 0.83
FoHL B 7.49 7.47 7.47 7.43 7.43 7.43 7.43 7.43

I %1 33 34 35 36 37 38 39 40
—_— FaHLE A 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
FuHLYG B 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
. FaHLE A 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
LY B 7.43 743 7.43 743 7.43 743 7.43 743

i 1) 41 42 43 44 45 46 47 48
. FEHLTE A 0.83 0.85 0.87 0.87 0.86 0.85 0.88 0.91
s FoHL B 0.83 0.84 0.85 0.85 0.86 0.87 0.90 0.94
—— FEHLTE A 0.83 0.85 0.87 0.86 0.86 0.86 0.89 0.93
FeHLG B 7.43 7.45 7.47 7.46 7.46 7.46 7.49 7.53
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I %) 49 50 51 52 53 54 55 56
N A A 0.93 0.95 0.99 1.04 1.11 1.19 1.27 1.35
LY B 0.95 0.98 1.07 1.12 1.17 1.27 1.34 1.48
I FoHLEG A 0.94 0.98 1.05 1.10 1.15 1.24 0.50 0.07
FeHL B 7.54 7.58 7.65 7.70 7.75 7.84 4.99 3.37
I %) 57 58 59 60 61 62 63 64
N, FEHLEG A 143 1.54 1.65 1.76 1.85 1.95 1.97 1.96
FuHLYG B 1.63 1.77 1.94 2.05 2.14 2.17 226 243
. T A 0.09 0.99 0.85 1.15 0.93 1.22 1.05 1.34
FoHh B 6.69 5.73 7.13 5.88 6.97 5.97 6.90 6.20
It %) 65 66 67 68 69 70 71 72
N, FHLEG A 2.13 221 2.18 2.17 2.07 1.98 1.95 1.92
FaHih B 2.44 242 242 2.48 2.43 2.28 225 2.22
I A A 1.19 1.38 121 1.52 131 131 1.22 1.49
FuHLYG B 6.95 6.21 7.00 6.67 7.08 6.53 7.10 7.41
It %) 73 74 75 76 77 78 79 80
N_—— A A 1.85 1.72 1.63 1.57 1.47 1.34 1.26 1.18
FoHL B 2.07 1.95 1.86 1.81 1.76 1.54 1.41 126
I FaHLEG A 1.27 1.16 1.26 1.22 1.04 -0.95 1.36 123
LY B 6.80 7.35 7.06 7.57 3.02 5.65 7.96 7.83
I %) 81 82 83 84 85 86 87 88
N, FHLEG A 1.08 1.02 0.97 0.94 0.93 0.92 0.90 0.88
LY B 1.14 1.10 1.06 1.02 0.95 0.93 0.93 0.92
I FoHLEG A 1.13 1.09 1.05 0.99 0.94 0.93 0.93 0.91
FoH B 7.73 7.69 7.65 7.59 7.54 7.53 7.53 7.51
I %) 89 90 91 92 93 94 95 96
N, FoHLEG A 0.88 0.89 0.90 0.93 0.97 1.04 1.12 1.16
FuHLYG B 0.90 0.89 0.92 0.97 1.02 1.10 121 1.30
I A A 0.89 0.89 0.92 0.96 1.00 1.08 1.19 127
FoHL B 7.49 7.49 7.52 7.56 7.60 7.68 7.79 7.87
80— ; — i
70|
60 o ; 1
g 50 4 in  / ,. £
o 4 \ =
=€ 301 - wT

20/ W rs
-/ W A N
o- o ¥ e y
0:00 6:00 12:00 18:00 24:00
%)

9 MFEFTHF B A. B FRBEHHE
Fig. 9 Number of charging stations A and B charging

vehicles under market competition
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stations under the alliance game
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