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Abstract. The case that this paper examines is the use of the energy storage technology on the basis of the integrated photovoltaic, storage and charging system in various situations. To begin with, the current research stasis of the integrated photovoltaic-storage-charging systems and the energy storage technologies in the country and internationally was systematically reviewed. The principle of the structure and functioning of the system were examined and the peculiarities of the common types of energy storage technologies, as well as their detailed interpretation, were given. The present paper is a systematic investigation of the application features and usefulness of energy storage technology in the urban environment (residential and commercial), rural one (agricultural production and household electricity consumption) and in park-based areas (industrial and technological parks), and in the connection of power station, finding out the most important technical issues of each of the scenarios. The study also determines the technical and market-level issues that the development of energy storage technologies is facing currently and the respective optimization strategies and policy recommendations. According to the findings, energy storage technology in integrated photovoltaic-storage-charging systems has a high adaptability and a potential to develop at a great extent in a wide range of application inspections. However, some technical improvements and localized market promotion strategies are required to take advantage of the specificity of the given case to the maximum. Lastly, energy storage technology future development trends and prospects of its industrial application are considered.
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1. Introduction
The case present in the current paper is the application of the energy storage technology on the grounds of the integrated photovoltaic, storage and charging system in diverse circumstances. First, the existing research stalemate of the photovoltaic-storage-charging systems integrated and the energy storage technologies within the country and abroad was critically examined. The principle of the system structure and functioning were analyzed and peculiarities of the popular types of energy storage technologies and their detailed interpretation were provided. The given paper is a methodical exploration of the use characteristics and utility of the use of the energy storage technology in the urban setting (residential and business), rural setting (agriculture production and household electric consumption), and in parks (industrial and technological parks), and the interdependence between the power plant and the discovery of the most significant technical concerns of all the scenarios. It is also decided in the study what market-level and technical issues the current development of energy storage technologies are experiencing and which optimization and policy proposals are the suitable ones. As per the results, energy storage technology in sponsored photovoltaic-charging-storage works is highly flexible and a possibility to evolve to an extremely significant level amid an expansive spectrum of application inspections. Nevertheless, there is a need in some technical enhancement and localized market promotion strategies to maximize the specificity of the given case. Finally, the trends and opportunities of the storage of energy technology development and the prospects of its industrial use are taken into account.
2. Summary of Integrated Photovoltaic, Storage, and Charging Systems and Energy Storage Technologies
2.1. Integrated Photovoltaic Storage and Charging System
[bookmark: _Hlk218936571]2.1.1. The Core Structural Composition of the System
The basic design of the integrated photovoltaic storage and charging system primarily comprises of three key components, photovoltaics power generation units, energy repositories, and charging units [1]. Photovoltaic electric power production facilities employ either monocrystalline silicon or polycrystalline silicon solar panels, whose conversion efficiency is up to 18 to 22 percent. The inverters convert direct current into alternating current [2]. The storage units of energy are a major buffering factor in the system and are currently largely lithium-ion based batteries. Charging infrastructure consists of two major categories of charging stations: AC and DC fast-charging stations, and is combined with an intelligent platform of charging management.
2.1.2. The Operating Principle of the Integrated Photovoltaic Storage and Charging System
The work principle of the integrated photovoltaic, storage, and charging system is based on the coordinated work of photovoltaic power generation, energy storage units, and charging infrastructure. Solar energy is then translated to electrical energy by the photovoltaic modules with inverters to generate alternating current which is weighed to the charging stations. In case of excess generation compared to the immediate requirements of the charging, excess energy is directed out through a bidirectional converter and is stored in the lithium-ion battery system. The energy storage system is reversed to provide the power to load during the nighttime when the amount of sunlight is low. The system uses an energy management system to offer real-time coordination and dispatch. It controls the primary parameters which are the output of photovoltaic generation, the pattern of load demand, and the signal of electricity price to implement the optimized control measures to attain load leveling, valley filling, and peak shaving.
2.2. Types of Energy Storage Technologies
The energy storage system is vital in the integrated photovoltaic power generation projects that involve light, storage, and charging and the operational status of the energy storage system determinately affects the overall safety and reliability of the entire power station. Personally, in the context of integrated photovoltaic, storage, and charging systems, the energy storage technologies that are widely used are broadly grouped into three categories namely; electrochemical, mechanical, and electromagnetic energy storage. Some examples of technologies that are used in storing electrochemical energy include lithium-ion batteries, lead-acid batteries and flow batteries. The most important of these have been the lithium-ion batteries due to their high energy density and quick response time. Some of the methods of mechanical energy storage include pumped hydro storage, compressed air energy storage, and flywheel energy storage. Pumped hydro storage is one of them and its benefits are that it has a higher single unit capacity and its life cycle is much higher than those of other forms although it is significantly limited by geographical constraints. Supercapacitors and superconducting magnetic energy storage are among the technologies in electromagnetic energy storage. Supercapacitors have power density that is very high and capacity to have large cycle life, which is why they can be effectively utilized whereby charge and discharge cycles are frequent.
2.3. Current State of International and Domestic Research
The global research in the field of integrated photovoltaic, storage and charging systems started at a lower level. The current world research has evolved further than the technology validation principles to multi-scenario joint optimization and new business paradigm creation. Indicatively, California, the U.S., has had a grid-interactive photovoltaic storage and charging demonstration project where lithium battery energy storage was paired with intelligent dispatching systems; and Germany has had flow battery-based photovoltaic storage and charging systems deployed in industrial parks, to overcome issues of long-duration energy storage and systems stability.
The two major areas of the research presented by China toward the development of an incorporated photovoltaic, storage, and charging systems are the optimization of the energy storage technology and the improvement of flexibility in varied application conditions. Nevertheless, the electricity market in China is less developed and well-established than the markets in Europe and America [3]. The combined photovoltaic storage and charging system in China is typically comprised of comparatively small merits of power systems, i.e., residential zones, industrial zones or electric cars charging stations. But today China has developed low voltage flexible DC technology which is quite mature and it can adopt the application scenario of the integrated photovoltaic storage and charging technology fully [4].
3. Analysis of the Application Scenarios of Energy Storage Technology in Integrated Photovoltaic Storage and Charging Systems
3.1. Urban Scenes
Through integrated photovoltaic, storage, and charging systems, localized generation and consumption of energy in urban residential environments has been made possible to a great extent. Based on demand trends in cities, including concentrated peak loads during morning rush, evening rush, short duration of the peaks, space limitations, and demanding rapid response, integrated solutions should be adjusted accordingly. When the demand is low like in commuting hours, excess electricity produced in photovoltaic systems is mainly used to recharge the energy storage unit, with the excess remaining power channeled to the grid following the mechanism of the surplus-to-grid factor. In times of peak charging when the photovoltaic power production is greatly less than the load demand, the energy storage system discharges to fill the load demand [5]. The integrated photovoltaic storage and charging system can be shown to be of great benefits in managing energy in a way which the optimal coordination of photovoltaic power production, energy storage units, and the charging units happen in the urban commercial areas [6]. The system employs energy storage such as lithium-ion and flow batteries, which have rapid response and energy conversion rates, and so can be used to regulate the peak electricity demand in commercial areas.
3.2. Rural Scenes
3.2.1. The Application of Rural Agricultural Production
In rural agricultural areas, photovoltaic, storage and charging system would be integrated so that solar power generation, energy storage and charging infrastructure together achieve this aim of overcoming intermittency and instability of agricultural electricity demand [7]. The study of the rural demand trends shows that the processes of agricultural production require a high level of power supply stability and continuity. This is especially problematic in isolated rural areas where there is less grid connection which demonstrate worse power supply deficit. Efficiency of the photovoltaic power generation and extending of the cycle life of the energy storage systems are some of the methods through which reduction of the technical cost can be achieved [8].
3.2.2. The Application Effect of Rural Household Electricity Usage
The photovoltaic power generation and energy storage system has also been effective in solving the stability and reliability of household electricity power in the rural areas by integrating the photovoltaic power generation and energy storage technology [9]. An energy storage system is taken where energy storage devices used include lithium-ion battery or lead-carbon battery with capacity ranging commonly between 10 kWh to 50 kWh with capacity to store the excess electricity produced by photovoltaic throughout the day [5].
Table 1. Statistical Table of Application Effects of Rural Integrated System for Electricity Storage, Storage, and Charging
	marker
	unit
	numeric value

	Capacity configuration range of the energy storage system
	kWh
	10-50

	The duration of continuous power supply by energy storage
	Hour
	4-8

	The increase in the self-generated electricity rate
	%
	60-80

	Voltage deviation control range
	%
	±5

	Response time characteristics
	millisecond class
	<100


Table 1 highlights the key performance indicators of integrated photovoltaic, storage, and charging system under rural dwellings electricity usage. This system can provide continuous power 4-8 hours at night or in the case of overcast and rainy weather, which increases the reliability of power supply significantly. The self-sufficiency level in electricity has also gone up to 60 to 80 percent, which is a testimony to a huge drop in the reliance on the traditional power grid. Technically speaking, the energy storage system has milliseconds mean response time, with a variation of voltage less than 5 percent of the nominal case and good response to fluctuations in voltage caused by sudden changes in load. These data are based on the real time monitoring of operations carried out and through intelligent energy management system to optimize on dispatch. The dynamic charging and discharging plans are also adjusted according to the consumption pattern of the users of the electricity. The time-shifting feature of the system enables the power production in the middle of the day when the output of photovoltaic power is nature’s strongest and this can be moved and used at the evening time with high demand hence actually leveling off the load profile.
The outcomes of these applications are evident on the practical importance of the combined photovoltaic, storage and charging system in country homes in situations of electricity. The system does not only improve the quality of power supply but also gives a technical basis to the large scale incorporation of the distributed energy resources in rural areas.
4. Analysis of Challenges and Optimization in the Development Process of Energy Storage Technology for Integrated Photovoltaic Storage and Charging Systems
4.1. The Existing Gaps and Limitations within the Energy Storage Technology Development
The main weakness is the fact that the battery has constant safety problems, especially the threat of thermal runaway, which is increased when using the battery under high temperatures and high humidity. Also, the price of the energy storage systems with long-duration characteristics is rather high. In a photovoltaic system combined with a storage charge system, the energy density of the energy storage technology and the power density of the energy storage technology have a direct influence on the energy storage system as a whole [10]. Presently, the typical energy density of lithium-ion batteries is 150 to 300 Wh/kg, compared to the low 30 to 50 Wh/kg of lead-carbon batteries. Such a high divergence renders the high-energy-density storage solutions in cities where space is limited more preferable. With respect to performance in terms of power response Unlike the other types, supercapacitors have the capability of providing a high power density of up to 10 kW/kg, but a low energy density of 5-10 Wh/kg. This limitation limits their use in applications where long-term energy storage with long lifespan is required.
4.2. Optimization Analysis for Current Challenges
The process of extending the life cycle of energy storage systems at the level of technical optimization has become one of the critical points of breakthrough [11]. To begin with, technological progress can enhance the energy density of lithium-ion batteries to over 300 Wh/kg by developing new kinds of electrodes, such as silicon-carbon composite anodes (silicon content 15-17%) and high-nickel cathodes, such as NCM811. At the same time, replacing traditional organic electrolytes with solid-state electrolytes may raise the limit of thermal runaway by 150 C 300 C [12]. Second, scenario adaptation optimization involves development of digital models using special computer software to measure the special needs of each application situation. Through big data analytics, this technique is accurate in the profiling of loads and environmental constraints, which makes it possible to design dynamic adaptive decision-supporting systems. Lastly, on industrial support, it is essential to improve the technical specifications of integrated photovoltaic, energy storage and charging systems, push towards the standardization of uniform interfaces of energy storage devices, broaden financial incentives of long-duration and hybrid storage programs, and, thereby, spur the implementation of cross-scenario demonstration programs. All these technical optimization provisions are the basis in ensuring that the photovoltaic storage charging system operates efficiently under different application conditions.
5. Conclusion
This paper is an original method of analysis of scenarios multi-dimensionally, distinguishing the contexts of application of integrated photovoltaic, energy storage, and charging systems into urban and rural spheres. Regarding different contexts each one of them is characterized by peculiarities, and specific strategies of energy storage technology design are elaborated. In the case of urban residential, a new approach is presented that involves combining a distributed energy storage solution with intelligent control of the electricity meters which allow arbitrage of price peaks and valleys as well as emergency supply of electricity power. The first application of a photovoltaic energy storage device is coupled with intelligent irrigation equipment used in rural areas of agricultural production. This solution can be used to address the problem of voltage fluctuations that is normally experienced by agricultural machineries in remote areas by using the energy storage unit to stabilize the voltage output. On the technical front, the study has not only transgressed the single technology path but has also suggested a hybrid energy storage proposition of using lithium-ion batteries and supercapacitors. It has been experimentally confirmed that this solution was able to raise the cycle life of the system to exceed 8,000 times and the efficacy loss to within 5%. Moreover, the photovoltaic energy storage and charging system had a new model of economic evaluation, and the dynamic investment payback period became one of the primary performance indicators. Empirical findings showed that the payback in the case of the commercial area was possible in 3.8 years. These innovations not only fill in the research gaps that are currently evident with reference to application in scenario situations but also provide theoretical as well as practical solutions to the standardized process of integrated photovoltaic, energy store together with charging systems development.
In the next generation of photovoltaic and energy storage and charge development, progress will be in not only producing materials of higher efficiency than the existing ones but also integrating AI-based intelligent technologies to allow all the components of the system to communicate seamlessly and, therefore, enhance the overall system efficiency. Technology will move beyond pure efficiency and profitability to maximize economic benefits and minimize the impact on the environment, and, thus, moving technological progress towards a higher level of ecological sustainability. The spheres of application of the integrated photovoltaic-storage-charging system have become significantly wider in the context of different industries and have gone far beyond the key applications of the fundamental use of electricity consumption.
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