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Renewable energy sources offer many benefits, such as reducing carbon footprint, diversifying the energy 
mix, and enhancing energy security. However, they simultaneously pose some challenges, such as 
intermittency, variability, unpredictability, and low power density[1]. The high penetration of renewable 
energy integration will profoundly change the system form, architecture characteristics, and operation 
mechanism of traditional power systems, which increases the complexity of reliable power supply, 
economical operation, and the safety and stability of power systems[1,2]. First of all, improving energy 
conversion efficiency, power prediction level, and other measurements can help to achieve the grid 
friendliness, power support ability, and capability to withstand power system disturbances of renewable 
energy generation stations[3]. Secondly, the prediction of renewable energy generation power output is 
closely combined with external factors such as meteorological conditions, and it is necessary to enhance the 
real-time state collection, perception, and processing capabilities, thereby realizing the flexible scheduling of 
the power system. In addition, the large-scale application of multi-time scale energy storage should be 
promoted to achieve intelligent dispatch and control of the power system, which could be adopted to the 
solution of multiple interactions among renewable energy generation, the power grid, load demand, and 
energy storage systems[4,5].
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Energy storage is an essential technology combination for new energy grid connection and green 
transportation, which has become one of the key elements in building a new type of power system[6]. 
Although the cost of energy storage has decreased, it still belongs to asset-intensive equipment, and its cost 
issue is a key factor restricting the promotion of energy storage[7]. In addition, the instability of energy 
storage policies and the market environment severely limits the application scenarios of energy storage and 
the retirement treatment issues caused by large-scale deployment of energy storage devices, which are also 
worthy of attention. Energy storage has a promising future supported by the strategic goal of “double 
carbon”. We need to deepen the construction of the electricity auxiliary service market, improve market 
varieties such as frequency regulation, peak shaving, and backup, and support energy storage entities to 
participate in energy trading mechanisms. In addition, combined with the characteristics of new energy 
resources, network architecture, and load demand, the combination configuration of energy storage is 
reasonably formulated, the new business model of promoting centralized construction of energy storage 
equipment and energy storage sharing operation is promoted, and the measures of increasing scientific and 
technological innovation and operation and maintenance management to improve the safety and water 
equality of energy storage operation are widely concerned by scholars[8].

Resource Management involves operational issues such as economic dispatch and planning, including 
location and capacity determination[9,10]. The challenges of resource management include precise prediction 
of parameter changes, the establishment of system models in advance, and online scheduling. With regard 
to parameter changes, linear programming, quadratic programming, and other models usually assume that 
the optimization model parameters are given/stable[11]. The characteristics of these methods are intuitive 
modeling ideas and complete theories such as duality and approximation, but wind and solar power 
generation rely on intermittent and random meteorological conditions, and loads are affected by various 
complex factors, making it difficult to predict[12]. In order to analyze the influence of parameter perturbation 
of the optimization model, the random optimization assumes that the probability distribution of the 
parameters is given or can be obtained, and the changing scenario is constructed through the sampling 
average approximate solution strategy of the Monte Carlo method. The difficulty of this method lies in the 
fact that the probability distribution of uncertain parameters is unknown or difficult to estimate, which 
increases the complexity of the stochastic optimization model. Robust optimization is oriented towards the 
worst-case scenario, making the optimal solution sufficiently robust to all changes in parameters in a 
bounded uncertain set. In order to achieve online scheduling, reinforcement learning uses resource 
management as an energy system to learn the optimal decision and maximize benefits in continuous 
interaction with renewable power generation, energy storage, and users without establishing a system model 
in advance.
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