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Fig.1 Energy flow relationship of
photovoltaic-storage charging station
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Siting and sizing of photovoltaic-storage charging stations on highway
considering uncertainties
ZHAO Feng,LI Jianxia, GAO Fengyang

(School of Automation and Electrical Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)
Abstract: Aiming at the uncertainties in the siting and sizing of integrated photovoltaic-storage charging
station on highway, a two-stage siting and sizing method based on data-driven DRO (Distributional Robust
Optimization) is proposed. In the first stage, the location of charging point is obtained based on Monte
Carlo simulation method, and the location of charging station is determined by using integer programming
model. In the second slage,considering the profit of charging stations and the satisfaction of users,the sizing
model based on data-driven DRO is established. A probability distribution fuzzy set centered on empirical
probability distribution is constructed by KL(Kullback-Leibler) divergence,which is used to describe uncer-
tainties. The DRO model is transformed into a mixed integer linear programming problem using risk theory,
and then the number of charging piles in charging station and the capacity of photovoltaic-storage charging
station are optimized. Finally, the proposed method is validated by a ring road network and its sensitivity
is analyzed. The results show that the proposed method is feasible and effective,the average life cost can
be reduced by configuring photovoltaic-storage equipment, and the economy and robustness of the system
can be effectively balanced by controlling the KL divergence tolerance, sample number, endurance mileage,
charging power,and so on.
Key words: photovoltaic-storage charging station;highway network;distributional robust optimization;siting and

sizing; uncertainties
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Fig.C1 Highway network information
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Fig.C2 Characteristics of typical daily traffic flow for highways network
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Table C1 Typical daily OD matrix for highways network

o}
A A

1 2 3 4 5
1 0 15683 6467 14657 5279
2 15432 0 5462 14981 6184
3 5562 6592 0 6942 3651
4 14345 14398 6764 0 6573
5 3542 5394 3122 5496 0

R C2EVRENHER

Table C2 Distribution of EV capacity

VRE HE A% ARG TR NAZH BRAE/KW-h)  f/ME/(KW-h)

L 10 Gamma 0=10.8, u=0.8 15.0 5.0
M 80 Gamma o=4.5, p=6.3 72.0 10.0
N1 5 Normal 0=23.0, u=9.5 40.0 9.6
N2 5 Normal a=85.3, u=28.1 120.0 51.2
24:00 W /m?
1.20
1.08
18:00 0.96
0.84
X 12:00 072
= 0.60
0.48
06:00 0.36
0.24
0.12
00:00 0.00
1 2 3 4 5 6 7 8 9 10 11 12
a1
[ C3 izith X G5 BR58 & #im
Fig.C3 Annual illumination intensity data
xR C3 HESH
Table C3 Parameters of simulation
24 e 24 iVEEN
vi(kmh!) U(90,120) Seoce U(0.15,0.3)
Ssoc,o U(06909) va—grid /fﬁ 0.7
i 0.4 r 0.06
s/a 20 al% 5
dy, 0.05 B W: 1.087(10:00—15:00, 18:00—21:00)
Cyia 76 F: 0.7329(07:00—10:00, 15:00—18:00, 21:00—23:00)
PIW 120 % 0.3789(23:00 Z 7K H 07:00)
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