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ABSTRACT: Currently, as the interface between electric
vehicles (EVs) and the power grid, to improve the revenue of
the battery swapping/charging stations (BSCSs), the BSCS
participates in the market in the form of an aggregator and at
the same time, utilizes the complementary characteristics of the
adjustable capacity (AC) of the BSCS, and puts forward a
BSCS

aggregator that takes into account the seasonal differences of

multi-purpose market operation strategy of the
AC. First, considering the influence of environmental factors
on EVs travel behavior, this paper constructs a road network
energy consumption model based on “virtual nodes” and
simulates the switching and charging demand of EVs with the
lowest energy consumption as the travel goal to analyze the
seasonal differences in the uncertainty of EVs’ behavior.
Second, to cope with the differences in the switching and
charging/discharging behaviors in the BSCS, a switching
model is introduced to solve the uncertainty of user response
and establish a carving method to satisfy the AC under the
continuous operation constraints of the switched-charging
service. Finally, based on the reinforcement learning algorithm
to solve the operational strategy for BSCS aggregator to
participate in the market, the arithmetic example demonstrates
the utilization of the complementary characteristics of the AC
of BSCS, which smooths out the volatility of the AC due to
seasonal rotation and improves the revenue of BSCS

aggregators.
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Table B1 Parameters of generator

RGNASN S B ETFR/MW A RIS H ok — kIS5

#1 [5,20] 4 0.010
#2 [5,25] 4 0.012
#3 [5,15] 3.8 0.014

xB2 FRS58Y
Table B2 EV Models and Corresponding Parameters

AR AR & E /% LI 25 5/(kWh)
Tesla Model 3 50 75
Tesla Model X 20 100

NIO ET5 15 75
Chevrolet Bolt 15 66

# B3 BMERIEREBE
Table B3 Parameters of The TN

From To BB /km  EBKSS U (km/h)
1 2 2 11 30
1 4 1.7 11 30
2 3 2.2 11 30
2 5 1.8 11 30
3 6 1.8 11 30
3 11 33 11 30
4 5 2 11 30
4 7 2.3 11 30
5 6 2.1 11 30
5 8 1.7 1 30
6 9 2.7 11 30
6 10 2.6 11 30
7 8 2.8 11 30
7 21 3 1 60
8 9 2.8 1 60
8 23 2.6 1 60
9 10 2.2 11 30
9 24 2.1 1 60
10 11 1.9 11 30
10 13 4 1 60
11 12 4 11 30
12 13 1.5 11 30
12 15 6.6 11 30

13 14 3.6 11 30
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Fig. Bl Market Demand in the Electricity Market

x B4 EMSEMIEBESER
Table B4 A Road Network Coupling to the Grid

By RERMT A RGHAESS e

#23 1 #1 70
#24 12 #2 77
#21 15 #3 84
#26 25

#4 34

#6 42
#13 49
#17 61
#19 65

*B5 ui#23 MFETEEEMAMEmER
Table BS #23 Operating Expenses/Income Statement

HAMGEE(Y) K 4 H El
A S HIZEA 547037 10375.09  7957.46  3161.24
BE 5669.24  10750.85  8240.10  3272.41
F bR 181.99 359.84 264.33 108.23

Z 5l 16.88 15.92 18.31 2.94

*B6 uh#17 MFETEERM/MEmR
Table B6 #17 Operating Expenses/Income Statement

14 15 2.6 11 30
14 20 2.2 1 60
14 24 3 1 60
15 16 5.8 11 30
16 17 9.2 11 30
16 29 3.4 11 30
17 18 2.6 11 30
17 28 5.3 11 30
18 19 2.4 11 30
18 27 4.5 11 30
19 21 2.6 11 30
20 25 2.8 1 60
20 29 4.4 1 60
21 22 2.7 11 30
22 23 2.3 1 60
22 27 2.6 1 60
23 24 3.6 1 60
23 26 2.2 1 60
24 25 3.7 1 60
25 26 2.4 1 60
25 29 1.4 1 60
26 27 2.2 1 60
26 28 1.8 1 60
27 28 1.8 1 60
28 29 2.4 1 60

) x 10* i i
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0 . |

0 20 40 60 80 100
i B (1 5min)
Biz C

VU2 % fhe 78 Bl T B8 015 0L -

PAMGE(Y) i = K %
REWHETIHMA  7767.63 14167.11 9503.67 11170.82
BE W 8098.35  14746.01  9893.83 11659.93
FH M2 H 302.64 534.16 379.86  457.43
Z 5l la 28.08 44.74 25.28 31.69
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Fig. C1 Adjustable Capacity for Charging/Discharging Services at each BSCS in Spring
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Fig. C2

Adjustable Capacity for Swapping Services at each BSCS in Spring
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Fig. C3 Adjustable Capacity for Charging/Discharging Services at each BSCS in Summer
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Fig. C4 Adjustable Capacity for Swapping Services at each BSCS in Summer
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Fig. C5 Adjustable Capacity for Charging/Discharging Services at each BSCS in Fall
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Fig. C6

Adjustable Capacity for Swapping Services at each BSCS in Fall
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Fig. C7 Adjustable Capacity for Charging/Discharging Services at each BSCS in Winter
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Fig. C8 Adjustable Capacity for Swapping Services at each BSCS in Winter



