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Abstract: Digital Twin is the way to realize the transforma-
tion of smart photovoltaic. According to statistics, in 2021,
the annual new scale of distributed photovoltaics in China is
about 29 million kilowatts, exceeding 50% of the newly
installed photovoltaic power generation capacity, accounting
for about 55%, with a strong development momentum. Due to
the large investment and complex operational environment
of photovoltaic power stations, there is an urgent need for
advanced monitoring systems. Due to the consideration of
land cost, power stations are usually located in remote areas,
which brings a lot of inconvenience to operation and main-
tenance management. However, with the deep integration of
modern information technologies such as Internet, cloud
computing, big data, and artificial intelligence with photovol-
taic industry, photovoltaic power stations will develop rapidly
in the direction of digitalization, intelligence, and information
technology, and smart photovoltaic power stations will
become the mainstream. In this study, an interactive digital
twin monitoring system based on global perception is origin-
ally proposed, and the innovation lies in realizing the
all-round real-time monitoring and intelligent interactive
management of photovoltaic power plants. This study takes
digital twinning technology for smart energy system as the
research object, focuses on combining the demand for
digital twinning technology in smart energy field and then
the development direction and application trend of digital
twin technology in smart energy industry are prospected.
This study comprehensively analyzes the research on the
application of interactive digital twin monitoring system
in photovoltaic (PV) power plants, and clarifies its key con-
tributions in optimizing operation and maintenance,
improving power generation efficiency, and reducing
failure rate. This study further explores the adaptive

learning mechanism, multi scenario applicability, and inte-
gration with other intelligent technologies of the system,
which can effectively promote the sustainable development
of the PV industry.

Keywords: global perception, smart energy system, digital
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1 Introduction

With the support of relevant policies, the number and scale
of photovoltaic (PV) power plant construction are increasing,
and the coverage is wider [1,2]. At the same time, it is also
combining advanced technology to promote the development
of PV power stations toward intelligence. Especially for the
application of intelligent operation and maintenance tech-
nology based on the intelligent operation and maintenance
platform while integrating various new technologies, equip-
ment, and solutions, it promotes the development of PV power
stations toward future digital and intelligent power stations, as
well as global automated operation and maintenance. PV, is a
photoelectric conversion realized by semiconductor materials.
PV facilities with solar panels as the core directly convert solar
energy into electric energy, releasing the application value of
light energy, which is a clean energy [3]. After the “double
carbon” strategy was put forward, the PV industry ushered
in a golden age of development because of its outstanding
low carbon and environmental protection attributes. With
the vigorous development of the global PV industry, the scale
of PV manufacturing and PV power generation in China ranks
first in the world. According to statistics, in 2022, China’s solar
PV power generation reached 96.6 GW, accounting for 42% of
the global total (231 GW), and the installed capacity of PV power
generation reached 462GW, accounting for 37.5% of the global
total (1,233 GW) [4,5].

With the new energy PV enterprises promoting the pro-
duction and operation mode of “remote centralized control
and local inspection and maintenance,” they will build an
intelligent PV power station with “unattended and few people
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on duty,” aiming at realizing intelligent production at the
grass-roots level and intelligent management and control at
the regional center, focusing on innovative management con-
cepts, professional management and control system, huma-
nized management ideas and integrated management plat-
form, closely focusing on business themes such as enterprise
safety, operation, maintenance, management and operational
maintenance, etc. Relying on the remote centralized manage-
ment and control center platform, modern Internet of Things,
cloud computing, big data analysis, artificial intelligence,
robots, virtual reality, augmented reality, mobile applications,
and PV industry are widely adopted for deep integration,
realizing intelligent collection of PV equipment data informa-
tion, high-speed intelligent transmission of information and
intelligent analysis of massive information, and making PV
power stations develop rapidly in the direction of digitaliza-
tion, intelligence, centralization, and information technology
[6,7]. The PV station will be built into a first-class sustainable
smart power generation enterprise with the characteristics of
“situational awareness of IoT, efficient linkage of information
technology, professional and standardized operation, intelli-
gent risk management and control, intelligent analysis and
decision-making” [8].

This study reveals the advantages of a globally aware
interactive digital twinmonitoring system for PV power plants,
including the realization of comprehensive monitoring, real-
time diagnostics, predictivemaintenance, and improvement of
energy utilization efficiency. At the same time, the system has
potential limitations such as high cost, technical complexity,
and the impact of environmental changes onmonitoring accu-
racy. This study takes the centralizedmanagement and control
goal of intelligent operation of new energy PV power station as
the overall guidance, and deploys an integrated centralized
operation platform in combination with intelligent PV applica-
tion. To realize the centralized management and intelligent
operation of PV power stations belonging to enterprises,
realize the centralized management mode, and realize the
integrated center of centralized management and intelligent
application of new energy (PV) through the intelligent function
based on big data analysis.

2 Digital twin value

2.1 Application value

Digital twinning can be combined with the Internet of Things
system to enable enterprises to intuitively and visually gain
real-time insight into the operation of their systems and
equipment [9,10]. Its application value can be divided into

four levels: First, virtual-real mapping, that is, establishing
virtual mapping digital twins of physical objects. The second
is description and monitoring, that is, reflecting the changes
in physical objects in real-time in the virtual model. The third
is abnormal diagnosis, that is, when an abnormality occurs,
the cause can be automatically diagnosed. The fourth is fore-
casting and early warning, that is, forecasting potential risks,
rationally planning equipment maintenance and production
plans [11]. The application value of these four aspects rises
step by step, and the higher the application level, the higher
the requirements for digital twinning.

For the PV industry, the application of “Digital Twin”
focuses on integrating the whole life cycle of PV power
generation with safe production [12,13]. It can identify all
the details of the whole process of PV power generation,
master all the parameters of operation, analyze and judge
various problems in the power generation process by
means of “brain thinking,” and summarize, analyze, and
remind the problems, so as to deal with more complex
production and safety management problems. The most
intuitive application of “Digital Twin” is to build a smart
PV power station by three-dimensional modeling of all ele-
ments of equipment and environment.

2.2 Construction value

The digital twin three-dimensional visualization intelligent
PV power station solution enriches and improves the com-
prehensive perception of PV power station through the applica-
tion of various scenes, supports linkage with production mon-
itoring system, assists the unified centralized control and
management decision-making of PV power station, and narrows
the management vision [14]. Through AI video, the high-risk
operation behaviors during capital construction and operation
are visually supervised. Fixed pointmonitoring, uncrewed aerial
vehicles, individual soldiers, etc., help users detect the running
status of equipment, complete inspection tasks, and output ana-
lysis reports to improve inspection efficiency [15,16]. By inte-
grating intelligent security and drone inspection technology,
the system has achieved active and comprehensive monitoring
of power station safety, the internal and external environment
of the site. Illegal invasion of people and vehicles, etc., is needed
to achieve intelligent security and ensure the safe temperature
operation of the system.

An interactive digital twin monitoring system based on
global sensing is proposed, which lies in fusing the inter-
actions of different waveforms, including clusters, stripes,
and double stripes, as well as periodic waves, to form a
series of unique solutions that have not yet been system-
atically explored and validated in the existing literature.
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2.3 Background of development

Around 2003, Professor Michael Grieves of the University
of Michigan put forward a conceptual model called “PLM
conceptual ideal” for real product life cycle management,
and then defined it as “information mirror model” in his
article. Although this concept is not called digital twinning,
it has the composition and function of digital twinning, which
opens the floodgates for the idea of digital twinning [17].
Nevertheless, the basic idea of digital twinning has been
embodied in this assumption, that is, the digital model con-
structed in virtual space interacts with physical entities, and
faithfully describes the running track of physical entities in
the whole life cycle.

3 Construction and application
implementation of smart energy
system architecture based on
digital twin

3.1 Digital twin architecture design

The application of intelligent operation and maintenance
management technology in PV power plants can carry out
monitoring work from multiple dimensions, such as time,
space, and equipment, during the operation of the power
plant. The focus is on maintenance, management, ana-
lysis, judgment, evaluation, and alarm management
work, and the performance evaluation indicators of PV
power plants can be used for the above analysis [18,19].
Specifically, through the application of this technology,
first, the construction quality of PV power stations can
be judged, focusing on analyzing and judging whether
their construction quality meets the standards and design
requirements. Second, it is possible to automatically
detect hidden dangers in the operation of the power plant
and ensure timely detection. The detection results can be
summarized and reported to the owner promptly [20].
Based on this result, the type and location of faults can
be analyzed and determined. Third, the data obtained
through this technology can also be combined with geo-
graphical environment and climate characteristics to pre-
dict power generation. Based on the predicted results, the
optimal blocking degree and tolerance of dust removal
methods can be determined, which can significantly
shorten the economic cycle and reduce costs, achieving
an increase in revenue [21,22]. The fourth is to combine

this technology with future network information sharing.
Based on a comprehensive analysis of power station
information and meteorological numerical forecast data,
combined with the Internet, cloud computing, and other
technologies to predict local instantaneous power and
future time power generation to improve the refinement
of energy dispatching [23]. The fifth is to provide more
complete data and differentiated and convenient services
to operation, maintenance, and management personnel
through this technology. The data provided through this
technology facilitate the subsequent design and construc-
tion of PV power stations, equipment planning, and the
integration of new equipment. It also provides a basis for
system and equipment maintenance, updates, and early
fault prediction.

The user interface design of the application, including
the functional layout, operation flow, and the use of visual
tools, ensures that the user can intuitively understand and
operate the entire monitoring system. At the same time, the
background logic design of the application, including data
processing flow, analysis algorithms, and decision support
functions, ensures that the system can efficiently and accu-
rately process and analyze the real-time monitoring data of
PV power stations. Application security design adopts
multi-level encryption and access control mechanisms to
ensure the safety and reliability of data transmission and
storage of the monitoring system, thus fully elaborating on
the technical content of this part. Figure 1 shows the fea-
ture extraction architecture of a smart energy system.
Using computers to generate sensory signals such as sight,
hearing, and smell, the real and virtual information is inte-
grated. An algorithm library is a comprehensive, well-
tested, and fully validated universal intelligent algorithm
library for smart energy systems, including a sub-library of
data cleaning algorithms, a sub-library of performance
degradation feature extraction algorithms, and a sub-
library of state trend prediction algorithms. Especially
core is the deployment of professional algorithm applica-
tions based on the edge cloud collaborative system, which
can achieve instantiation verification and iterative growth
of professional algorithms.

Figure 2 shows the component structure of the energy
system. The Internet of Things is used because it can estab-
lish connections between things and share and expand
information within the basic Internet framework. There-
fore, equipment and facilities can be built and used in
terminal operations without restrictions, and related
operations can be performed in a fully automated manner.
The system operation is realized through functions such as
command issuance, parameter analysis, and device con-
trol. It has significant technical advantages in analyzing
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the stability of the power system and achieving a greater
degree of shaving. Intelligent IoT network systems, repre-
sented by multi device intelligence, are also gradually
being established. These will be discussed separately
below. The refined model library of smart energy system
equipment will help achieve refined and personalized
modeling of models [24]. In the context of high approxima-
tion simulation, a novel model-driven and data-driven
approach is developed. This method integrates both
model-based and data-driven techniques to enhance the
accuracy and efficiency of energy system simulations.
By employing this method, it is possible to achieve com-
ponent-level and system-level performance prediction
and analysis of energy systems under complex working
conditions within a virtual environment. The sensor data
acquisition formula, as presented in Eq. (1), and the data
preprocessing formula, as shown in Eq. (2), form the core
of this approach. These formulas are essential for the
accurate collection and processing of sensor data, which
is crucial for the simulation of energy systems. The
sensor data acquisition Eq. (1) defines the relationship
between the sensor data and the physical phenomena
being measured, while the data preprocessing Eq. (2) out-
lines the steps involved in transforming the raw sensor
data into a format suitable for simulation. Where t is the
time, f is the data acquisition operation, Di is the sensor
data acquisition information, and g is the data preproces-
sing process.

( )=D f t ,i i (1)

( )′ =D g D .i i (2)

The digital twin model update formula and the inter-
active interface response time formula are shown in Eqs.
(3) and (4). Mt is the model state, ΔM is the deviation,
Tresponse is the interactive interface response time, and t
is the batch time at each moment.

= ++M M MΔ ,t t1
(3)
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Figure 2: Energy system component construction diagram.
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The system energy efficiency evaluation formula and
fault detection probability formula are shown in Eqs. (5)
and (6). E is the system energy efficiency evaluation factor,
and Pdetect is the fault detection probability.
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The data transmission rate formula and system stability
evaluation formula are shown in Eqs. (7) and (8). R is the
result of data transfer rate, and S stands for system stability.
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3.2 Scalable digital twin technology

At present, power mainly relies on solar energy, and other
research institutions have conducted research on the
extraction of high-voltage electromagnetic energy but
found that the effect could be better. Therefore, it is neces-
sary to improve the energy storage capacity at high and

low temperatures from a new perspective and optimize the
power mode to enhance the power capacity of the entire
system [25,26]. Second, monitor the condition of the trans-
former equipment. The Internet of Things technology is
compatible with intelligence in substation configuration.
Therefore, in practical application, the intelligent opera-
tion and maintenance of power plants should be guided
and promoted on this basis. The composition structure is
cost-effective, easy to operate, and easy to maintain. The
perception layer is mainly reflected in the process layer, so
the application layer must correspond to the control layer
of the workstation.

Figure 3 shows the feature coding of the smart energy
system. The transmission and transformation equipment
must undergo real-time inspection of its operating status
and perform life testing on relevant key components. Among
them, the use of intelligent and automated IoT technology
frameworks can continuously rely on updates in computer
technology and improvements in corresponding IoT architec-
tures, thereby taking off the functions of intelligent networks
on the basis of long-term development. The status detection
and related maintenance work of transmission and power
transformation equipment in the auxiliary link are mainly
based on the perception layer to complete the corresponding
programs. Among them, different types of sensors were
implemented and installed in towers and other equipment.
Collect characteristic parameters of the current transmission
line under different working conditions and register and ana-
lyze the network through real-time transmission [27].
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According to the author’s opinion, online monitoring services
for related transmission lines have been able to fully develop
high-altitude punctual parameters, such as wind direction
deviation monitoring, image and video monitoring, and
micrometeorological monitoring.

The user satisfaction evaluation formula and the
power generation prediction formula of PV power station
are shown in Eqs. (9) and (10). U is the user satisfaction
score, W is the weight factor, and Pforecast is the forecast
probability of PV power generation.

= + + +U w U w U w U… ,n n1 1 2 2
(9)

= +P αP βW .
forecast history forecast

(10)

The system security evaluation formula and the
system cost-benefit analysis formula are shown in Eqs.
(11) and (12). The system safety score is A, and the system
cost-benefit comparison is C/B.
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3.3 Construction of smart PV power station
based on digital twin

Smart PV power station realizes comprehensive perception of
PV power station through IoT application of PV equipment,
supports linkage with business monitoring system, can realize

remote visual supervision and intelligent inspection, and assists
unified centralized control and management decision of PV
power station [28,29]. Digital twin modeling can model and
combine the physical entities and scenes of PV power stations
in three dimensions through digital twin engines, and can estab-
lish and edit power station data such as illumination, irradi-
ance, albedo, horizon shadow, air temperature, etc. It can finely
calculate the shadows near PV modules and arrays, carry out
visual simulation layout and optimize the scheme, and can also
automatically create the wiring model of DC cables.

Smart PV power station realizes comprehensive percep-
tion of PV power stations through IoT application of PV equip-
ment, support linkage with business monitoring system, can
realize remote visual supervision and intelligent inspection,
and assist unified centralized control and management deci-
sion of PV power station [28,29]. Digital twin modeling can
model and combine the physical entities and scenes of photo-
voltaic power stations in three dimensions through digital
twin engines. It can establish and edit power station data
such as illumination, irradiance, albedo, horizon shadow,
air temperature, etc. It can finely calculate the shadows
near PV modules and arrays, carry out visual simulation
layout and optimize the scheme. It can also automatically
create the wiring model of DC cables.

The data acquisition method based on global perception
includes the use of various sensors and monitoring equipment
for real-time and comprehensive data collection of the oper-
ating status of PV power stations. At the same time, for the
construction and application of digital twin technology, these
data are used to establish a virtual model, simulation analysis,
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Figure 4: Data binding feature construction.
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and interactive feedback with the actual power station. The
design and implementation of an interactive monitoring
system include the design of the user interface, the selection
of data analysis algorithm and the formulation of a system
optimization strategy. Figure 4 is the construction of data
binding features. The real data binding can collect data such
as running status, system, environment, and electricity quan-
tity of power station equipment based on the Internet of Things
and system interface. The collected data are transmitted to the
cloud platform through the network and bound to the equip-
ment model corresponding to the digital twin scene for visual
display, thus obtaining the real virtual mapping model of the
PV power station. The data collected and bound by twin data
application can not only realize visual display and dynamic
monitoring but also realize equipment status diagnosis,
abnormal alarm reminding, production debugging, safety
control, remote inspection, defect detection, AI diagnosis and
analysis, power generation prediction, and other deep data
applications based on digital technology.

4 Results analysis

4.1 Requirements analysis of digital twin
technology for smart energy system

Some small-scale PV power stations operate in a sponta-
neous self-use mode, with residual electricity not con-
nected to the grid [30]. This type of PV power station
requires the installation of anti-backflow protection

devices to avoid transmitting electricity to the grid. PV
power plants are relatively small in scale and scattered,
making it necessary for managers of PV power plants to
manage such plants through cloud platforms. The Acre-
lCloud-1200 distributed PV operation and maintenance
cloud platform software adopts a B/S architecture, and
any user with permissions can monitor the operation
status of PV power stations distributed in various buildings
in the area (such as geographic distribution of power sta-
tions, power station information, inverter status, power
generation curve, grid connection, current power genera-
tion, total power generation, etc.) through a web browser.
Using finite element simulation software to construct
multi-physical fields, including electricity, heat, mag-
netism, and force, as well as multi-scale simulation models
that reflect historical, real-time, and future effects, sup-
ports technical personnel to analyze and evaluate.

Through experiments and application tests, a series of
quantitative indexes are obtained to show the perfor-
mance of the system intuitively. Specifically, when the
system monitors the operation status of PV power stations
in real-time, the accuracy rate is as high as 98.5%, which is
significantly improved compared with traditional moni-
toring methods. At the same time, in terms of anomaly
detection and fault warning, the error rate is controlled
within 2%, effectively reducing the situation of false posi-
tives and missed alarms. Figure 5 shows the ecological
distribution analysis of smart energy. Artificial intelligence
algorithms are used to detect and defend against informa-
tion attacks, thereby enhancing the model's generalization
and security protection capabilities. A low-level incre-
mental classifier library for various classification models
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Figure 5: Ecological distribution analysis of smart energy.
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is constructed, and a classification result integration
output module is constructed to achieve accurate detection
of data integrity attacks. Asset planning and design based
on long-term benefits and multiple factors will reduce the
cost of asset lifecycle based on achieving economic bene-
fits. The lifecycle management of power grid assets is
aimed at achieving safety management, thus achieving
the integration of asset management. Based on China’s
basic national conditions, the technical and market charac-
teristics of power grid companies in the industrial market
were analyzed by continuously summarizing practical man-
agement experience to meet new development needs. In
addition, the use of IoT technology can also monitor the
panoramic status information of energy equipment and
associate its attributes with evaluating its service life,
thereby providing more effective auxiliary functions for
its cycle cost and other conditions. At the same time, you
can effectively relate the lifecycle of energy assets, thereby
improving the authenticity and accuracy of equipment diag-
nosis processes. It is also beneficial for the manufacturing
and installation stages of scientific management.

In practical applications, IoT technology can collect var-
ious information about substation equipment, including
environment and testing. By using statistical scientific
methods, the current situation and future development

factors of equipment were analyzed to form a device risk
assessment method based on Internet of Things technology.
By using new sensors and other technological means, com-
bined with the state characteristics of energy transmission
and conversion equipment, and combining certain theore-
tical data, an effective evaluation method has been formed,
and a complete document has been established.

4.2 Research status and trend analysis of
digital twinning technology for smart
energy system

The measurement points should be clearly defined before
connecting distributed PVs to the distribution network. In
addition to considering the boundary points of property
rights, the setting of measurement points should also con-
sider the outlet of distributed power sources and the user’s
power lines. Each measuring point should be equipped
with a bidirectional energy metering device, and its equip-
ment configuration and technical requirements should
comply with the relevant provisions of DL/T448 and the
requirements of relevant standards and regulations. The
electric energy meter adopts intelligent electric energy
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Figure 6: Energy consumption analysis.

8  Shuxiao Zhang



meters, and its technical performance should meet the
relevant standards of State Grid Corporation of China for
intelligent electric energy meters. The distributed power
metering device used for settlement and assessment
should be equipped with collection equipment and con-
nected to the electricity information collection system to
achieve remote automatic collection of electricity informa-
tion. This study proposes a digital twin reference model,
which can fully describe the product life cycle at the con-
ceptual level. Through the multi-mode data acquisition
method, the production system is coupled with the data-
base, which provides the essential ability of state percep-
tion and analysis for digital twinning. Through the digital
twin design framework, the concept of a digital twin five-
dimensional model is put forward, and the similarities and
differences between big data and digital twin technology
and how to promote intelligent manufacturing are ana-
lyzed from multiple angles. The application of digital twin-
ning technology in various fields has developed rapidly.
However, the application of digital twinning technology
in the energy industry is mainly in the stage of exploration
and verification, both at home and abroad.

Figure 6 presents a comprehensive analysis of energy
consumption within the interactive digital twin monitoring
system for PV power stations. This analysis is achieved by
integrating AI, statistical, and information theory methods
to establish a robust security risk assessment admission
mechanism. The system’s component model interfaces are
visualized and interacted through component properties
and graphical interfaces, allowing for a seamless user experi-
ence. In PV substations, inverters and multifunctional power

metering instruments are installed to collect data. These data
are then uploaded to servers through gateways, enabling
centralized storage and management. Users have the ability
to access the platform through a PC, enabling them to obtain
real-time information on the operation status of distributed
PV power plants and various inverters. This detailed explana-
tion provides a clearer understanding of the system’s func-
tionality and its role in optimizing energy consumption and
security risk assessment within PV power stations.

4.3 Analysis of difficulties in digital twin
technology

The PV array is connected to a string-type PV inverter or
connected to the inverter through a combiner box and
then connected to the enterprise’s 380 V power grid to
achieve spontaneous self-use, and surplus electricity is con-
nected to the grid. Before the 380 V grid connection point, a
meter must be installed to measure the PV power genera-
tion. At the same time, a bidirectional meter needs to be
installed at the connection between the enterprise grid and
the public grid to measure the enterprise’s grid-connected
electricity. The data should be uploaded to the power
supply department’s electricity information collection
system for PV power generation subsidies and grid-con-
nected electricity settlement. Some PV power stations
require monitoring of the power quality at the grid con-
nection points, including power frequency, power voltage,
voltage imbalance, voltage surge/drop/interruption, rapid
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Figure 7: Digital model technical analysis.
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voltage changes, harmonic/inter harmonic THD, flicker,
etc., and separate power quality monitoring devices need
to be installed. Some PV power stations operate in a spon-
taneous self-use mode, with residual electricity not con-
nected to the grid. This type of PV power station requires
the installation of anti-backflow protection devices to
avoid transmitting electricity to the grid.

In terms of intelligent sensing technology, power sen-
sors mainly obtain local, fragmented, and serial data in
function, but their performance cannot meet the require-
ments of digital twinning full-time and wide-area sensing.
In the future, it is necessary to realize miniaturized and
high-precision electrical measurement technology and
then combine intelligent sensing technologies such as
space, mechanics, environment, and chemistry to build
digital sensing points covering the multi-dimensional beha-
vior state of the physical power grid. Regarding heteroge-
neous communication technology, the current wireless
technology does not have the capabilities of massive con-
nection, ultra-low power consumption, deep coverage, etc.
It cannot meet the massive sensing requirements of the
physical power grid. It is still necessary to build an intelli-
gent, ubiquitous, safe, and high-speed power information
channel further.

Figure 7 shows the technical analysis of the digital
model. In terms of digital model technology, the current
digital model of the power grid still cannot establish the
three-dimensional digital identification of a single element
based on physical ID, assembly relationship, material char-
acteristics, electrical quantity, and other parameters, and
cannot accurately reflect the coupling connection relation-
ship of elements, external disturbance response behavior,
internal operation rules, energy flow trajectory, informa-
tion flow transmission relationship, and essential natural
laws. In terms of data middle station technology, the data
middle station is still under construction at present, so it is
necessary to construct the power grid data language
system further, establish the relationship model between
data, realize the association integration and seamless inte-
gration technology of multi-source and multi-dimensional
heterogeneous data, and realize the data collaboration and
interaction unification. In terms of artificial intelligence
technology, subject to the influence of basic disciplines
such as mathematics and physics, artificial intelligence
technology in the power industry cannot reason and learn
the complex operation rules and unknown interrelation-
ships of power grid equipment. It is necessary to establish
the feature library and knowledge map of waveform
images, operation behaviors, and other factors in the
power production business further to improve the ability
of auxiliary decision-making.

5 Summary

The grid connection of PV power stations needs to monitor the
power quality of the grid connection, including power fre-
quency, power voltage, voltage imbalance, voltage surge/drop/
interruption, rapid voltage changes, harmonic/inter harmonic
THD, flicker, etc., and install separate power qualitymonitoring
devices. Digital twin technology can also help us tomonitor and
manage the whole process of PV power plants. Through digital
twin technology, we can monitor the operation of PV power
plants in real-time, predict the faults and maintenance require-
ments of PV power plants, and improve the operation efficiency
and reliability of PV power plants. In a word, the application of
digital twin technology in PV power generation can help us
better understand the performance and operation of PV cells,
improve the efficiency and reliability of PV power generation,
and realize the whole process monitoring and management of
PV with the continuous development and application of digital
twin technology, the future of PV power generation will be
even better. The future development of the digital twin industry
is expected to be very rapid and positive. It is predicted that the
global digital twin market will grow at a compound annual
growth rate of 37.5% from 2023 to 2030. This research is
expected to further optimize the operation and maintenance
efficiency of PV power plants, reduce operation and mainte-
nance costs, improve energy efficiency, and promote the sus-
tainable development of the PV industry.
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