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Abstract: This study discusses the integrated
flexible DC solution of optical storage and
charging, aiming to effectively integrate
photovoltaic power generation, energy
storage and charging technologies to cope
with the intermittence and instability of
renewable energy. By adopting a DC bus
architecture and efficient components, the
system can improve energy conversion
efficiency and enhance the flexibility of
electric vehicle charging. The study also
highlights the importance of the intelligent
control systems in dynamic adjustment and
fault protection. Future research directions
include intelligent, multi-energy
complementarity and policy support to
promote the wide application of renewable
energy and the development of electric
transportation.
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1. Introduction
With the transformation of the global energy
structure and the rapid development of
renewable energy, photovoltaic power
generation, as a clean energy source, has been
widely used.[1] According to the International
Renewable Energy Agency (IRENA), installed
photovoltaic capacity has increased tenfold over
the past decade, making it one of the fastest
growing energy sources in the world. However,
the intermittence and instability of photovoltaic
power generation bring challenges to the
application of power systems. In order to solve
this problem, the combination of energy storage
technology is particularly important, which can
effectively balance the volatility of photovoltaic
power generation, and improve the stability and
reliability of the power system. Therefore, the
integrated optical storage and charging system
arises at the historic moment, organically
combining photovoltaic power generation,

energy storage and charging technology to form
efficient and flexible energy solutions, meet the
emerging electricity demand such as electric
vehicles, and promote the development of
electric transportation.
In recent years, the integration of optical storage
and charging technology has attracted wide
attention, and many countries and regions have
begun to explore and implement relevant
systems to promote the utilization of renewable
energy and the popularization of electric
vehicles. For example, China has made
significant progress in the field of photovoltaic
power generation and electric vehicle charging
infrastructure construction, and several cities
have established demonstration projects to
integrate optical storage and charging. At the
same time, with the progress of battery
technology, the cost of energy storage system is
gradually reduced, and the economy of the
integrated optical storage and charging system is
continuously improved.[2] However, existing
research still exists shortcomings, many optical
storage and charging systems are fixed
configuration, lacking flexibility and difficult to
adapt to the needs of different scenarios.
Therefore, the research on the integrated flexible
DC solution of optical storage and charging will
provide new ideas for solving these problems.

2. Basic Principle of the Integrated Optical
Storage and Charging System

2.1 Principles of Photovoltaic Power
Generation
Photovoltaic power generation is a process of
using photovoltaic effect to directly convert
solar energy into electric energy.[3] Photovoltaic
modules consof multiple photovoltaic cells,
which are usually made of silicon. When
sunlight hits the photovoltaic cell, the photon
energy is absorbed, exciting electrons and
generating an electron-hole pair. Through the
action of the electric field, these free electrons
are guided to the external circuit of the battery,
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forming an electric current. The efficiency of
photovoltaic power generation is affected by a
variety of factors, including light intensity,
temperature, module materials, and design. With
the progress of technology, the conversion
efficiency of photovoltaic modules has been
continuously improved, making photovoltaic
power generation play a more and more
important role in renewable energy.

2.2 Overview of Energy Storage Technology
Energy storage technology is a technology that
stores electricity to be released when needed.
Common energy storage methods include
battery energy storage, pumped energy storage,
compressed air energy storage and flywheel
energy storage. Among them, battery energy
storage is widely used in the integrated optical
storage and charging system because of its high
energy density, rapid response and flexibility.
Lithium-ion battery is the most commonly used
energy storage technology, with high energy
efficiency and long service life. The main
function of the energy storage system is to
balance the volatility of photovoltaic power
generation, provide a stable power output, and
release the stored electricity during peak power
demand. In addition, the energy storage system
can also realize the time transfer of power, that
is, storing electricity when the power demand is
low and releasing it when the demand is high,
thus improving the overall efficiency of the
power system.

2.3 Relationship Between Charging
Technology and DC Power Supply
Charging technology is the process of
transmitting electricity to an electric vehicle or
other battery device. With the popularity of
electric vehicles, the development of charging
technology becomes particularly important.
Charging methods are mainly divided into AC
charging and DC charging. AC charging is
usually used in homes and slow charging places,
and the charging speed is slow and suitable for
vehicles parked for a long time. Compared with
AC charging, DC charging has faster charging
speed and higher charging efficiency, which is
suitable for public charging stations and fast
charging scenarios.
In the integrated optical storage and charging
system, the application of DC power supply can
directly use the output energy of photovoltaic
power generation and energy storage system for

the charging of electric vehicles, reduce the loss
in the process of energy conversion, and
improve the overall efficiency of the system.
The DC charging pile can achieve high-power
charging, usually filling the electric vehicle
within 30 minutes, greatly improving the users
charging experience. In addition, the DC
charging technology also supports a variety of
charging standards and protocols, such as CCS
(Combined Charging System) and CHAdeMO,
to ensure that different brands and models of
electric vehicles are compatible. This flexibility
enables the integrated optical storage and
charging system to meet the growing demand for
electric vehicle charging and promote the
development of electric transportation.
To sum up, the integrated optical storage and
charging system forms an efficient and flexible
energy solution by organically combining
photovoltaic power generation, energy storage
technology and charging technology. The system
will not only improve the utilization rate of
renewable energy sources, but will also provide
reliable electricity support for emerging
electricity demand, such as electric vehicles.
With the continuous progress of technology and
the gradual maturity of the market, the
integrated optical storage and charging system
will play an increasingly important role in the
future energy transformation.

3. Design and Implementation of Flexible DC
Solutions

3.1 SystemArchitecture Design
The system architecture design of the flexible
DC solution is the core of the integrated optical
storage and charging system, aiming to realize
the efficient integration of photovoltaic power
generation, energy storage and charging
functions. The system usually includes
photovoltaic modules, energy storage units, DC
charging piles, and control systems. The system
architecture should be modular and flexible to
meet the needs of different application scenarios.
In the design, the photovoltaic module is
connected to the energy storage unit through the
DC cable, and the energy storage unit is
connected to the DC charging pile. The whole
system adopts the DC bus architecture, which
reduces the energy loss in the AC-DC
conversion process and improves the overall
efficiency of the system. The DC bus is designed
to take into account the power requirements and
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current carrying capacity of the system to ensure
safe operation under high load conditions. The
system should also have intelligent monitoring
and management functions, which are able to
monitor the photovoltaic power generation,
energy storage status and charging requirements
in real time, to ensure the safe and stable
operation of the system. The system architecture
also needs to pay attention to the design of the
user interface, and provide a friendly operation
interface that enables users to easily view the
system status, charging progress, and energy
usage. The system with remote monitoring and
management functions supports the operation
through mobile applications or web pages to
improve the user experience.

3.2 Selection of Key Technologies and
Components
3.2.1 Inverter and Rectifier
Inverter and rectifier are crucial components in
the integrated optical storage system. The main
function of the inverter is to convert the direct
current in the energy storage unit to AC power to
connect to the grid or supply power to the AC
load. Choosing an efficient inverter significantly
improves the energy conversion efficiency of the
system and reduces the operating cost. Modern
inverters usually adopt multi-stage topological
structure, which can maintain high efficiency
operation under different load conditions.
The rectifier is used to convert the alternating
current generated by the photovoltaic modules
into DC power for energy storage units and DC
charging piles. Modern rectifiers usually use
high-frequency switching technology, with high
conversion efficiency and small volume. When
selecting the inverter and the rectifier, the power
class, efficiency, reliability and compatibility are
considered to ensure the stability and economy
of the system. In addition, the choice of inverter
and rectifier should also consider the control
strategy of the system to achieve optimal energy
management.
3.2.2 Energy Storage Unit
The energy storage unit is the core part of the
integrated optical storage and charging system,
which is responsible for storing the excess
electricity from photovoltaic power generation
and releasing it when needed. Lithium-ion
batteries have become the most commonly used
energy storage technology because of their high
energy density, long cycle life and rapid
charging and discharging capacity. The selection

of lithium-ion battery should consider the factors
such as capacity, charge and discharge efficiency,
temperature characteristics and safety. To
improve the safety and reliability of the system,
the energy storage unit is usually equipped with
a battery management system (BMS) to monitor
the state, temperature and voltage of the battery
and prevent faults such as overcharge,
overdischarge and short circuit.
Other types of batteries, such as sodium-sulfur
batteries and lead-acid batteries, can also be
selected according to the specific application
requirements. Sodium-sulfur batteries are
suitable for large-scale energy storage, with high
energy density and long service life, while
lead-acid batteries remain competitive in some
applications because of their low cost. When
designing the energy storage unit, the number
and capacity of the battery packs should be
reasonably configured to ensure the stable
operation of the system under different load
conditions and meet the charging needs of
electric vehicles.
3.2.3 Control System
The control system is the "brain" of the
integrated optical storage and charging system,
which is responsible for coordinating the work
of each component to ensure the efficient
operation of the system. The control system shall
have the functions of real-time monitoring, data
collection and intelligent decision-making, and
shall be able to dynamically adjust the operation
strategy of the system according to the
photovoltaic power generation, energy storage
state and charging demand. The complexity of
the system and user needs are considered, and
modular design is adopted to facilitate later
expansion and upgrade.
In terms of control strategy, model-based control
methods and intelligent algorithms, such as
fuzzy control and neural network control, can
improve the response speed and adaptability of
the system. These control algorithms are
self-learning and optimized based on real-time
data to improve the operation efficiency of the
system. The control system shall also have the
function of fault detection and protection, to
ensure the safe operation of the system in
abnormal situations. By setting up multiple
protection mechanisms, such as overvoltage,
overcurrent and short circuit protection, it can
effectively prevent the occurrence of equipment
damage and safety accidents./ Expansion,
written in more detail
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3.3 System Integration and Optimization
System integration is the process of effectively
combining various components to ensure the
overall performance of the integrated optical
storage and charging system. During the
integration process, focus on the compatibility
and interface design between the components to
ensure the smooth transmission of data and
power. Reasonable wiring and layout design to
reduce energy loss and improve system
reliability. Standardized interfaces and protocols
are adopted to facilitate the interconnection
between devices of different manufacturers.
In terms of system optimization, the layout of
photovoltaic modules needs to be optimized to
maximize light reception. By simulating and
analyzing different layout schemes, the best
installation angle and direction are selected to
ensure the power generation efficiency of
photovoltaic modules in different seasons and
weather conditions. The charge-discharge
strategies of the energy storage units should also
be adjusted to improve the energy utilization
efficiency. According to the changes of the grid
load and photovoltaic power generation, the
charge and discharge time and power of the
energy storage unit are dynamically adjusted to
ensure that the stored electricity can be released
in time during the peak power demand. At the
same time, the advanced control algorithm is
used to adjust the system operation parameters
in real time to ensure the optimal performance
under different load conditions. Through data
analysis and machine learning technology,
predict the future power demand and
photovoltaic power generation situation, and
arrange charging and discharge in advance, so as
to improve the overall efficiency and economy
of the system.
Through the above design and implementation,
flexible DC solutions can effectively integrate
photovoltaic power generation, energy storage
and charging technologies, provide efficient and
flexible energy services, and meet the growing
demand for electric vehicle charging and the
challenges of renewable energy utilization.

4. Conclusion
This study discusses the design and
implementation of the integrated flexible DC

solution of optical storage and charging,
focusing on the system architecture, key
technology and component selection, and the
related content of system integration and
optimization. The study shows that using the DC
bus architecture can effectively reduce the
energy loss and improve the overall efficiency of
the system. By selecting the efficient inverter,
rectifier and energy storage units, combined with
the intelligent control system, the accurate
management of the power flow can be realized
to ensure the stable operation of the system
under different load conditions. This solution not
only improves the efficiency of photovoltaic
power generation, but also enhances the
flexibility and reliability of electric vehicle
charging, providing strong support for the wide
application of renewable energy. Future research
can focus on intelligent and automation,
multi-energy complementary systems, new
energy storage technologies, and policies and
market mechanisms, so as to further improve the
performance and application scope of the
integrated optical storage and charging system.
The promotion of the integrated optical storage
and charging system will promote the wider
application of renewable energy, promote the
transformation and upgrading of the energy
structure, and provide more convenient and
efficient charging services for electric vehicles.

References
[1] Liu J , Fang Y , Xia Y ,et al.Can the Digital

Economy Promote Sustainable Improvement
in the Quality of Employment for Chinese
Residents?—Moderated Mediation Effect
Test Based on Innovation Environments[J].
Sustainability (2071-1050), 2024, 16(14).

[2] Torvanger,A,Meadowcroft,et al.The political
economy of technology support: Making
decisions about carbon capture and storage
and low carbon energy
technologies[J].Global Environmental
Change Guildford, 2011.

[3] Patil R B , Khalkar A , Al-Dahidi S ,et al.A
Reliability and Risk Assessment of Solar
Photovoltaic Panels Using a Failure Mode
and Effects Analysis Approach: A Case
Study[J].Sustainability (2071-1050), 2024,
16(10).

Journal of Engineering System (ISSN: 2959-0604) Vol. 3 No. 1, 2025 15

Copyright @ STEMM Institute Press http://www.stemmpress.com




