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Multi-objective optimization of grid connected photovoltaics and V2G operation
based on the influence of schedulable capacity

HU Houpeng', LIU Wei', XIAO Yanhong', YANG Shang', CAI Yaoze’, LIAO Qianggiang’
(1. Guizhou Power Grid Co., Ltd., Guiyang 550002, China; 2. College of Environmental and Chemical Engineering, Shanghai
University of Electric Power, Shanghai 200090, China)

Abstract: The disorderly charging of large-scale electric vehicles connected to the power grid will lead to excessive load
variance in the distribution network system. Fully utilizing the dual characteristics of electric vehicles can reduce the load
variance of the power grid and achieve efficient utilization of green electricity, but user scheduling capacity is an important
factor affecting the application of vehicle-to-grid interaction. This article applies the Monte Carlo method and the improved
multi-objective particle swarm optimization algorithm with niche technology (niche-MOPSO) to study the multi-objective
optimization strategy of grid-connected photovoltaics and V2G operation based on the impact of scheduling capacity. The
research results indicate that as the charging participation rate of EVs gradually increases, disordered EV charging loads will
lead to an increase in grid side load variance, but the impact on users' charging costs is relatively small. With the increase in EV
scheduling capacity in the work area, the photovoltaic consumption rate gradually decreases, and the load variance shows a
trend of first decreasing and then increasing. When the scheduling capacity is 30%, the load variance reaches its minimum,
indicating that reasonable V2G calling is beneficial to the stability of power grid operation. Under the same scheduling
capacity, the niche-MOPSO algorithm reduces the load variance and peak load, and also lowers user charging costs or increases
user revenues. Moreover, the revenue under the V2G price incentive mechanism is much greater than that under the time-of-use
electricity price mechanism. The niche-MOPSO algorithm can effectively optimize both load variance and user charging cost.

Keywords: electric vehicle (EV); vehicle-to-grid (V2G); photovoltaic power generation; load variance; price incentive; multi-

objective optimization
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Frequency control strategy for multi-area interconnected
power systems with electric vehicles

QIN Yitao', ZHANG Jun', ZHANG Zhenzhen', CHEN Hao', ZHONG Qishui'’, ZHANG Rong**

(1. School of Electrical Engineering, Southwest Minzu University, Chengdu 610225, China; 2. School of Aeronautics and
Astronautics, University of Electronic Science and Technology of China, Chengdu 611731, China; 3. Sichuan Energy Internet
Research Institute, Tsinghua University, Chengdu 610213, China; 4. Chengdu HuaMod Technology
Co., Ltd., Chengdu 610213, China)

Abstract: A sliding mode load-frequency control (LFC) strategy based on an adaptive triggering mechanism is proposed for a
multi-area interconnected power system with electric vehicles (EVs). Firstly, the integration of EV in the frequency control of
the power system is considered, and the impacts of primary and secondary frequency control on system frequency variations are
investigated. The effects of renewable energy fluctuations and load disturbances on system frequency are also analyzed. Then,
an adaptive event-triggered mechanism is designed to improve network utilization and address transmission delays in the
network. An asymmetric Lyapunov functional is established to prove the system's asymptotic stability, and a stability criterion
with low conservatism is derived. Finally, the effectiveness of the proposed scheme is verified, and an optimization algorithm is
used to design the optimal participation of EV in frequency regulation. The results show that the control strategy designed in
this paper can effectively improve the frequency regulation performance of the system under renewable energy and load
disturbance, and EV participation in both primary and secondary frequency modulation has a significant effect on improving

the system performance.
Keywords: electric vehicle (EV); multi-area interconnected power system; sliding mode load frequency control (LFC);

adaptive event-triggered mechanism; Lyapunov functional; asymptotic stability
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