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Two-layer planning model for photovoltaic and energy storage configuration and

power management in airport service areas
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CHEN Hewei’, TANG Yuancheng®, LI Junyu®
(1.Hunan Airport Management Group Co., Ltd.,Changsha 410100, China;2.Hunan Electric Power Design Institute Co., Ltd.,
China Energy Construction Group, Changsha 410007, China)

Abstract: The rise of electric vehicles has increased the electrical load in airport service areas. Therefore, by utilizing
the development of photovoltaic and energy storage around the airport, combined with the charging characteristics of
electric vehicles during parking, a two-layer optimization model for electric vehicles to participate in the price-based
demand response and the capacity configuration of photovoltaic and energy storage in service areas is established. The
upper model is optimized for the capacity configuration of photovoltaic and energy storage equipment, with the goal of
minimizing the configuration cost of photovoltaic and energy storage; the lower model proposes a power optimization
management strategy for service areas that considers time-of-use tariff and different charging demands during electric
vehicle parking. Simultaneously, a load stochastic model of electric vehicles and a price-based demand response model
are established, with the goal of maximizing the benefits of charging, photovoltaic and energy storage , a typical daily
optimization control model is established, and the load curve of electric vehicles and the control of energy storage in
service areas are optimized. In the simulation, the randomness of photovoltaic output and charging load is considered,
and the Monte Carlo method is used to eliminate its impact on the results, and the impact of demand response
uncertainty on the optimization results is analyzed. The results show that optimizing the configuration of photovoltaic

and energy storage systems considering time-of-use tariff and the charging benefits of electric vehicles can save one-time
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investment costs, and utilizing the time-of-use electricity pricing policies for charging and the optimization control of

photovoltaic and energy storage can achieve better economic benefits. Therefore, reasonable system configuration, site

utilization, charging management, and photovoltaic and energy storage control are effective ways to improve energy

utilization and economic benefits.

Keywords: clectric vehicles; photovoltaic and energy storage configuration; airport service areas; demand response;

time-of-use tariff; power optimization management; two-layer planning
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Figure 1 Schematic diagram of grid-connected operation of
hotovoltaic and energy storage system in

alrport expressway service areas
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Figure 2 Two-layer planning and operation optimization
model of photovoltaic and energy storage system in

airport expressway service areas
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Figure 3 Flowchart of power optimization management

strategy in service areas considering real-time tariff and

transferable demand response
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Table 1 Coefficients of self elasticity

I 2] FI 5 2 B I 2] FI 5 2R 8L I 2] FI 5 2 B I 2] FI 5 2R B

01:00 —0.02 07:00 —0.01 13:00 —0.13 19:00 —0.25

02:00 —0.01 08:00 —0.01 14:00 —0.12 20:00 —0.22

03:00 —0.01 09:00 —0.02 15:00 —0.03 21:00 —0.20

04:00 —0.01 10:00 —0.10 16:00 —0.04 22:00 —0.20

05:00 —0.01 11:00 —0.10 17:00 —0.16 23:00 —0.03

06:00 —0.01 12:00 —0.13 18:00 —0.45 24:00 —0.02

R2 ORXBMBAK
Table 2 Coefficients of cross elasticity

I 2] 10:00 11:00 12:00 13:00 17:00 18:00 19:00 20:00 21:00 22:00
05:00 — — — — — — — 0.010  0.010 0.010
09:00 0.019 — — — — — — — — —
10:00 0.019 0.020 — — — — — — — —
11:00 0.018 0.019 0.020 — — — — — — —
12:00 0.017 0.018 0.019 0.020 — — — — — —
14:00 —0.050 — — — — — — — — —
15:00 — —0.100 — — — — — — — —
16:00 — — —0.160 — 0.100 — — — — —
17:00 — — — —0.160 0.025 0.200 — — — —
18:00 — — — — — 0.120 — — — —
19:00 — — — — 0.025 0.025 0.020 0.017 —
20:00 — — — — 0.025 0.025 0.020 0.017  0.015 —
21:00 — — — — —0.160 0.100 0.080 0.025  0.020 —
22:00 — — — — — —0.450 — — — —
23:00 — — — — — 0.019  —0.250 — — —
24:00 — — — — — 0.020 0.190  —0.220 — —
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Figure 6 Calculation process of model optimization
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Table 5 Optimal configuration scheme of photovoltaic and

storage system in service areas
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Figure 13 Impact of demand response uncertainty on load
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