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INTRODUCTION
Smart power distribution and utilization is the most concerned field in the development of smart grids from the construction of conventional distribution automation systems to the control related to the access of high-proportion distributed generation (solar, wind, and energy storage); from the demand side management related to electricity consumption to the charging and discharging of electric vehicles, microgrids, and DC distribution; and from the Internet of Things and cloud computing to big data and energy Internet and so forth, involving a wide range of new technologies emerging endlessly (Wu et al., 2017; Liang et al., 2018; Tian, 2019). The development of smart power distribution and utilization to the extreme is transparent power distribution and utilization. The concept of transparent distribution and utilization comes from the concept of transparent power grids (Mo, 2021). At present, no scholars have carried out research on the application architecture of transparent power distribution and utilization, and there are only a few studies referring to the transparent power grid. Zhang et al. briefly introduced the meaning, characteristics, and implementation process of a low-voltage transparent distribution network (Zhang et al., 2019). Li et al. believed that the transparent power grid was an advanced form of the ubiquitous power Internet of Things (Li et al., 2020). Zhou et al. analyzed and discussed the architecture and key technologies of transparent substations (Zhou et al., 2022). In this article, the architecture of the transparent distribution and utilization application system is clarified, and some views on relevant technical factors are put forward.
OVERALL ARCHITECTURE
According to the concept of transparent grids, in order to achieve transparent distribution and utilization of electricity, it is necessary to collect, upload, identify, and monitor the operation data of grid-connected equipment and key nodes in real time based on modern information and communication technology and centrally reflect them on the distribution network visualization platform so as to achieve a transparent distribution and utilization mode of full data acquisition, full state visibility, and full situation prediction (Mo, 2021).
Zhang et al. (2019) pointed out that according to the characteristics of transparent distribution and utilization, the realization process can be divided into three stages, namely, the data transparency stage, state transparency stage, and situation transparency stage. These three stages contain different connotations of transparent distribution and utilization of electricity, showing a progressive relationship, and the former stage is the foundation of the next stage. Li et al. (2020) proposed that the advanced form of the ubiquitous power Internet of Things is a transparent grid. Using micro smart sensors, advanced communication technology, and big data analysis technology (Wu and Zeng, 2020) of the Internet of Things, power grid practitioners can understand the significance, laws, and values of power grid measurement data, regulation behavior, market information, and other types of data and master the characteristics and strategies of operation from microgrids to complex large power grids. In addition, Zhou Ke et al. proposed a transparent substation architecture, including an edge perception layer, network transmission layer, and platform application layer to form a transparent substation system from bottom to top. Information security protection runs through the whole architecture level and ensures the information security of transparent substations in all directions and dimensions (Zhou et al., 2022).
Since there is no research on the application architecture of transparent distribution and utilization, the application architecture of transparent distribution and utilization can refer to the overall architecture of a transparent power grid and transparent substation. The application architecture of transparent distribution and utilization is divided into four levels, namely, the edge data sensing layer, data transmission layer, network platform layer, and transparent application layer, as shown in Figure 1.
[image: Figure 1]FIGURE 1 | Overall framework of transparent power distribution applications.
The comprehensive and fine perception ability is the foundation to realize the transparency of distribution and utilization, and the realization of the everywhere visibility of distribution and utilization and the pursuit of a higher degree of perception fine grain are the basic requirements for the perception layer of transparent edge data of distribution and utilization. The edge data sensing layer takes micro smart sensors as the core, which is composed of a sensing device module and an edge computing module (Zhao et al., 2021). It is the basis of transparent power distribution. The intelligent sensing module is composed of an intelligent sensing subsystem and environmental sensing subsystem. In the intelligent sensing subsystem, it is mainly realized through advanced sensing technology and intelligent chip technology (Sun et al., 2020) to monitor the data of electrical quantities such as voltage, current, frequency, and phase and the data of non-electrical quantities such as temperature, humidity, and sound. The core of the environmental perception subsystem is the micro smart sensors of environmental perception, which can realize the functions of non-contact perception, intelligent judgment, and independent early warning of equipment and the environmental state in the distribution and utilization system. The edge computing module is a distributed intelligent agent at the edge of the network. The data of each subsystem of the sensing device layer are connected to the edge computing module. The sensing data are processed and analyzed locally, and a small closed loop is formed with the sensing device module. The key data are extracted and then uploaded to the cloud platform, which reduces the cloud computing pressure and improves the efficiency of system operation decisions (Xiang et al., 2017; Chen et al., 2022). The data transmission layer is mainly responsible for the reliable and efficient transmission of data in transparent distribution and power systems and solves the communication problem between devices at all levels so as to realize more extensive interconnection functions. It should have high reliability, low delay, and differentiation characteristics (Yao et al., 2021). It can be supported by a 5G network with a high speed and low delay (Xiang et al., 2017; Wang et al., 2019). The network platform layer is mainly composed of a cloud computing platform, a big data platform, a technology middle platform, and an Internet of Things management platform. The cloud platform mainly provides ultra-strong computing power and large-scale hardware resource integration capability (Li and Xu, 2018). Big data platforms provide data and data analysis capabilities for business platforms. The technology middle platform is the business service sharing center of transparent distribution and power systems, which provides data, technology, and business sharing service components. The IoT management platform mainly standardizes the management of massive networking equipment in the transparent distribution and utilization system and improves the fine management level of IoT equipment. The transparent application layer is based on the perception layer of all-round sensing data according to the data relationship and combined with virtual reality technology to develop a digital twin system. The digital twinning system of power distribution and utilization is the key to the construction of transparent power distribution and utilization (Han, 2021), the last link of power distribution and utilization transparency, the key to the transparent presentation of power distribution and utilization systems to operation and maintenance personnel, and the structural basis for the realization of other business functions. Through the digital twin system, the operation and maintenance personnel can obtain and analyze all kinds of operation data, perceive the subtle changes of the system, and realize the advanced system simulation of three-dimensional dynamic reality and entity behavior interactions. However, at present, the research and development of micro smart sensors are not mature (Zhou et al., 2022), the digital twin technology is still in the initial exploration stage (Tang et al., 2020), and the standards related to the digital twin are still in the preliminary formulation stage (Han, 2021). Therefore, there are still many technical problems to be solved in the construction of transparent power distribution and utilization application systems, which is a brand new and challenging task.
KEY TECHNOLOGY
Massive micro smart sensors are the basis for building a transparent power distribution application system and the key components for realizing a comprehensive state perception of the power distribution system. The construction of the edge data sensing layer requires a large number of sensors, which first requires that the size of the sensor is small enough to be installed on various devices and transmission lines. Second, the sensor should be equipped with a microprocessor, capable of two-way communication and intelligent functions, and can take energy from itself without a battery (Li et al., 2019). Li et al. proposed a microcurrent measurement technology based on tunnel magnetoresistance (Li et al., 2019). The micro smart sensors have high sensitivity and a large measurement range, low power consumption, and low cost, but the measurement accuracy needs to be improved. Guo et al. (2021) believed that non-intrusive load monitoring technology was the basic technical means for the construction of a transparent power grid. Compared with the invasive load monitoring technology, the invasive load monitoring used various sensors to monitor the equipment alone, while the non-intrusive load monitoring used the bus data to obtain the operation state of each load through the algorithm analysis through the software algorithm. Before the application of low-cost small and micro intelligent sensors, non-invasive load monitoring technology has obvious cost advantages, but the accuracy of the algorithm is difficult to guarantee. In addition, some researchers began to study the semi-intrusive load monitoring technology based on a small number of measurement points. The original single-point load monitoring task is assigned to each measurement point, which reduces the difficulty of load identification at a single measurement point and has better performance (Nipun et al., 2014). A digital twin is another key technology to realize transparent power distribution. Li believed that the key link in building a transparent power grid software platform was to build a digital twin power grid (Li, 2022). Tang et al. (2020) studied the digital twin architecture of the AC/DC distribution network. The authors believed that the digital twin system of future mature distribution networks would realize the full data acquisition, full state visibility, and full situation prediction of the distribution network. However, due to the fact that the domestic digital twin technology research started late, the practical application is not mature enough; therefore, to build a mature transparent distribution system, the relevant mature hardware and software technology is an urgent problem to be solved.
DISCUSSION AND CONCLUSION
The application system of transparent power distribution and utilization needs to be constructed from four aspects, namely, the edge data sensing layer, data transmission layer, network platform layer, and transparent application layer. At present, the main technical problems are the data sensing method of the edge data sensing layer and the development and application of digital twinning technology in the transparent application layer, as follows:
1) The development and research of micro smart sensors are not yet mature. Although the current research institute of China Southern Power Grid has developed a micro current sensor based on tunnel magnetoresistance, it has not been widely applied, and more types of micro smart sensors need to be developed.
2) In addition to hardware, in terms of data perception, non-intrusive schemes can also be used to obtain the data information of each measurement point by using software algorithms, which is also a scheme for future research.
3) In the transparent application layer, the development of a digital twin system is the most important, and it is also a key link in the construction of transparent power distribution. Research on related technologies, personnel training, and further development of digital twin technology standards are urgent problems to be solved.
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