DIRECT CURRENT POWER DISTRIBUTION METHOD, DEVICE AND SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present disclosure claims priority to Chinese Patent Application No. 201810858698.9,

filed on July 31, 2018, which is hereby incorporated by reference in its entirety.
TECHNICAL FIELD

[0002] The present disclosure relates to the field of energy technologies, and in particular to a

direct current power distribution method, device and system.

BACKGROUND

[0003] At present, with popularization and promotion of solar distributed photovoltaic power
generation and new energy utilization, in a new energy micro-grid system, a demand for directly
using low-voltage direct current power distribution of direct current power to reduce alternating
current conversion links is becoming more and more intense. However, an application of direct
current low-voltage power distribution is still in a customization stage. That is, customized
development for specifications and forms of an equipment is carried out, lack unified standards,
thereby bringing inconvenience to the application and design of the low-voltage direct current
power distribution.

[0004] In view of a problem that the customized design of the low-voltage direct current power
distribution is inconvenient, thereby affecting the popularization of the low-voltage direct current
power distribution in related technologies, no effective solutions have been proposed.
SUMMARY

[0005] At least some embodiments of the present disclosure provide a direct current power
distribution method, device and system to at least partially solve a problem that customized design
of low-voltage direct current power distribution is inconvenient, thereby affecting popularization
of the low-voltage direct current power distribution in related technologies.

[0006] In an embodiment of the present disclosure, a direct current power distribution method is
provided. The direct current power distribution method is applied to a direct current power
distribution system. the method includes:

[0007] determining working modes of the direct current power distribution system, where the
direct current power distribution system includes direct current frequency conversion cabinet, an
intelligent converter and an energy storage device and the working modes include an intelligent
converter priority output power mode and an intelligent converter constant power output mode;
[0008] correspondingly obtaining, under different working modes, working parameters of the

direct current power distribution system; and



[0009] regulating operation of the direct current power distribution system according to the
working parameters to achieve an electric energy balance of a power consumption side, a power
generation side of a power grid, and an energy storage side of the direct current power distribution
system,;

[0010] where the correspondingly obtaining, under different working modes, working
parameters of the direct current power distribution system includes:

[0011] obtaining, in the intelligent converter priority output power mode, output power of the
intelligent converter and a state of charge (SoC) value of the energy storage device; and obtaining,
in the intelligent converter constant power output mode, a frequency change of the direct current
frequency conversion cabinet, the output power of the intelligent converter and the SoC value of
the energy storage device;

[0012] the regulating operation of the direct current power distribution system according to the
working parameters includes: controlling the energy storage device to discharge, when the working
mode is the intelligent converter priority output power mode, and the output power of the
intelligent converter is determined to be greater than or equal to a first preset power value; or
controlling the energy storage device to discharge, when the output power of the intelligent
converter is determined to be less than a second preset power value, where the second preset power
value is less than the first preset power value;

[0013] where the controlling the energy storage device to discharge, when the output power of
the intelligent converter is determined to be greater than or equal to a first preset power value
includes: controlling the energy storage device to successively increase discharge output power
according to a first preset power increase value until a maximum discharge output power threshold
is reached, when the SoC value is determined to be greater than a first preset SoC value; and when
the SoC value is determined to be less than a second preset SoC value, controlling the energy
storage device without starting a discharge function, or controlling the energy storage device to
successively decrease the discharge output power according to a first preset power decrease value
until zero is reached, or stopping discharging when a stop discharging instruction input by a user
is received, where the first preset SoC value is greater than the second preset SoC value, and the
first preset power increase value is equal to the first preset power decrease value; and

[0014] the regulating operation of the direct current power distribution system according to the
working parameters further includes: controlling the energy storage device to charge according to
an electricity price state and the SoC value, when the energy storage device is in a discharging stop
state, and the output power of the intelligent converter is determined to be less than or equal to a

third preset power value;



[0015] controlling the energy storage device to charge according to the electricity price state and
the SoC value, when the energy storage device is in a charging state and the output power of the
intelligent converter is determined to be greater than or equal to a fifth preset power value.

[0016] In an alternative embodiment, the controlling the energy storage device to discharge,
when the output power of the intelligent converter is determined to be less than a second preset
power value includes:

[0017] controlling the energy storage device to successively decrease discharge output power by
a first preset power decrease value until zero is reached, and then stopping discharging.

[0018] In an alternative embodiment, the controlling the energy storage device to charge
according to an electricity price state and the SoC value includes:

[0019] controlling the energy storage device to charge when an electricity price is determined to
be a valley electricity price and the SoC value is determined to be less than a third preset SoC
value;

[0020] controlling the energy storage device to charge when the electricity price is determined
to be a flat electricity price and the SoC value is determined to be less than a fourth preset SoC
value; and

[0021] controlling charging power of the energy storage device to successively increase from
zero according to the first preset power increase value when the energy storage device is charged,
and stopping increasing the charging power until the output power of the intelligent converter is
monitored to be greater than or equal to a fourth preset power value.

[0022] The third preset SoC value is greater than the fourth preset SoC value.

[0023] In an alternative embodiment, the method further includes:

[0024] controlling the energy storage device to charge according to the electricity price state and
the SoC value, when the energy storage device is in a charging state and the output power of the
intelligent converter is determined to be greater than or equal to a fifth preset power value.

[0025] In an alternative embodiment, the controlling the energy storage device to charge
according to the electricity price state and the SoC value includes:

[0026] controlling the energy storage device to charge when an electricity price is determined to
be a valley electricity price and the SoC value is determined to be greater than a fifth preset SoC
value;

[0027] controlling the energy storage device to charge when the electricity price is determined
to be a flat electricity price and the SoC value is determined to be greater than a sixth preset SoC
value; and

[0028] controlling charging power of the energy storage device to successively decrease
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according to a second preset power decrease value when the energy storage device is charged, and
stopping charging until zero is reached.

[0029] The second preset power decrease value is greater than the first preset power decrease
value.

[0030] In an alternative embodiment, the method further includes:

[0031] when the energy storage device is in a forced charging mode and power of the intelligent
converter is controlled to decrease to a sixth preset power value, controlling the energy storage
device to charge, and controlling charging power of the energy storage device to successively
increase according to a first preset power increase value until a maximum charging power
threshold is reached; and

[0032] when the SoC value is monitored to be greater than or equal to a seventh preset SoC value,
controlling the charging power of the energy storage device to successively decrease according to
a second preset power decrease value, and stopping charging until zero is reached.

[0033] In an alternative embodiment, the method further includes:

[0034] when the energy storage device is in a forced discharging mode and power of the
intelligent converter is controlled to increase to a seventh preset power value, controlling the
energy storage device to discharge, and controlling discharging power of the energy storage device
to successively increase according to a first preset power increase value until a maximum
discharging power threshold is reached; and

[0035] when the SoC value is monitored to be less than or equal to a second preset SoC value,
controlling the discharging power of the energy storage device to successively decrease according
to a second preset power decrease value, and stopping discharging until zero is reached.

[0036] In an alternative embodiment, the method further includes:

[0037] controlling the intelligent converter to increase the output power to meet an actual power
demand of a load connected with the direct current frequency conversion cabinet, when the direct
current frequency conversion cabinet is monitored to successively increase a frequency according
to a preset rate; and

[0038] controlling the direct current frequency conversion cabinet belonging to the intelligent
converter to stop increasing the frequency, when an output power value of the intelligent converter
1s monitored to be greater than or equal to an eighth preset power value. The output power of the
direct current frequency conversion cabinet is a first preset power threshold, when the energy
storage device is controlled to discharge. The output power of the direct current frequency
conversion cabinet is a second preset power threshold, when the energy storage is controlled to

discharge and the power grid supplies electricity.
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[0039] In an alternative embodiment, the regulating operation of the direct current power
distribution system according to the working parameters includes:
[0040] in the intelligent converter priority output power mode, controlling the direct current
frequency conversion cabinet to automatically adjust a frequency until the power of the intelligent
converter is monitored to be less than preset constant power and a difference between the power
of the intelligent converter and the preset constant power is less than a preset difference to convert
into the intelligent converter constant power output mode, and then running according to the preset
constant power; and controlling the energy storage device to avoid working at this time.
[0041] In an alternative embodiment, the regulating operation of the direct current power
distribution system according to the working parameters includes:
[0042] querying a discharge power margin PFY of the energy storage device, when the working
mode is the intelligent converter constant power output mode, and the direct current frequency
conversion cabinet is determined to need to increase a frequency;
[0043] controlling the direct current frequency conversion cabinet to successively increase the
frequency according to a preset rate, if the PFY is greater than or equal to a preset PFY value; and
prohibiting the direct current frequency conversion cabinet from increasing the frequency,
and at this time, power of the direct current frequency conversion cabinet being reached to a
maximum preset power value, if the PFY is less than the preset PFY value. The PFY is determined
according to current discharge power of the energy storage device, when the SoC value of the
energy storage device is greater than a first preset SoC value.
[0044] In an alternative embodiment, the regulating operation of the direct current power
distribution system according to the working parameters includes:
[0045] when the working mode is the intelligent converter constant power output mode, a
frequency of the direct current frequency conversion cabinet is determined to successively
decrease and the energy storage device is in a discharging state, and the output power of the
intelligent converter is monitored to be less than preset constant power, controlling the energy
storage device to successively decrease discharge output power according to a first preset power
decrease value until zero is reached, and then stopping discharging.
[0046] In an alternative embodiment, when the energy storage device is in a discharging stop
state, the method includes:
[0047] controlling the energy storage device to charge and controlling charging power to
successively increase according to a first preset power increase value, if the output power of the
intelligent converter is determined to be less than the preset constant power and a difference

between the output power and the preset constant power is greater than a preset difference;
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stopping increasing the charging power, if the output power is determined to be greater than
the preset constant power and the difference between the output power and the preset constant
power is greater than the preset difference. The charging power is not greater than a maximum
preset charging power value, and correspondingly, power of the intelligent converter is not less
than a power critical value;
[0048] controlling the charging power to successively decrease according to a second preset
power decrease value until charging is stopped, if the SoC value is greater than a SoC critical value;
[0049] controlling the direct current frequency conversion cabinet to automatically adjust the
frequency, so that the output power of the intelligent converter is less than the preset constant
power and the difference between the output power and the preset constant power is less than the
preset difference, if the energy storage device is fully charged;
[0050] performing charging and controlling the charging power to successively increase
according to the first preset power increase value until a preset charging power threshold is reached,
if the SoC value is less than a second preset SoC value; at the same time, controlling the power of
the intelligent converter to successively decrease until being less than the preset constant power
and a difference between the power and the preset constant power is less than a preset difference;
and stopping the charging, when the SoC value is greater than the second preset SoC value.
[0051] In an alternative embodiment, the method includes:
[0052] when the energy storage device is in a forced charging mode, controlling power of the
intelligent converter to be successively adjusted to a power critical value, and controlling the
charging power to successively increase according to a first preset power increase value until a
charging power critical value is reached; and
[0053] stopping charging and successively restoring to an initial default state, when the SoC
value is greater than a SoC critical value.
[0054] In an alternative embodiment, the method includes:
[0055] when the energy storage device is in a forced discharging mode, controlling power of the
intelligent converter to be successively adjusted to a maximum power critical value, and
controlling discharge power to be adjusted to a maximum critical value; and
[0056] stopping discharging and successively restoring to an initial default state, when the SoC
value is less than a second preset SoC value.
[0057] In an embodiment of the present disclosure, a direct current power distribution system is
also provided, the system is suitable to execute the above direct current power distribution method.
The system includes: a system control cabinet, an intelligent converter, a direct current frequency

conversion cabinet and an energy storage device.
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[0058] The intelligent converter is connected with the direct current frequency conversion
cabinet and is configured to provide electrical energy to the direct current frequency conversion
cabinet.

[0059] The direct current frequency conversion cabinet is configured as a load connected with a
power consumption side.

[0060] The system control cabinet is respectively connected with the intelligent converter, the
direct current frequency conversion cabinet and the energy storage device, and is configured to
obtain working parameters of the intelligent converter, the direct current frequency conversion
cabinet and the energy storage device, and regulate operation of the direct current power
distribution system according to the working parameters to achieve an electric energy balance of
a power consumption side, a power grid side and an energy storage device side.

[0061] In an alternative embodiment, the system further includes an alternating current power
distribution cabinet.

[0062] The alternating current power distribution cabinet is respectively connected with a power
grid system, the intelligent converter and the system control cabinet. The alternating current power
distribution cabinet is configured to transmit electrical energy of the power grid system to the
direct current power distribution system, provide alternating current power to the intelligent
converter, connect with an alternating current load and provide electrical energy to the connected
alternating current load.

[0063] The alternating current power distribution cabinet is configured to monitor power input
from the power grid system and power consumption of each branch load, and send a monitoring
result to the system control cabinet, so that the system control cabinet performs analysis according
to the monitoring result.

[0064] The alternating current power distribution cabinet has an electrical energy input isolation
switch and an electrical energy output isolation switch, and internal components of the alternating
current power distribution cabinet are arranged in a hierarchical manner.

[0065] In an alternative embodiment, the system further includes a direct current power
distribution cabinet.

[0066] The direct current power distribution cabinet is respectively connected with the system
control cabinet, the direct current frequency conversion cabinet and the intelligent converter, and
is configured to receive electrical energy provided by the intelligent converter, connect with a
direct current power generation system and/or a direct current load, and provide electrical energy
to the direct current frequency conversion cabinet and/or the direct current load; and

[0067] is configured to provide a dual power supply capability for the direct current power
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distribution system.

[0068] The direct current power distribution cabinet is equipped with a direct current circuit
breaker and a fuse inside, and has protection functions of over-current and over-voltage.

[0069] In an alternative embodiment, the direct current power distribution cabinet is further
configured to: connect to the direct current power generation system through a direct current bus,
output a first preset direct current voltage, a second preset direct current voltage and a preset
isolation safety voltage value through a DC/DC conversion mode of the intelligent converter. The
direct current power distribution cabinet is further configured to monitor a power condition
obtained from the direct current bus and the power consumption of each branch direct current load,
and send a monitoring result to the system control cabinet, so that the control cabinet performs
analysis according to the monitoring result.

[0070] In an alternative embodiment, the intelligent converter is connected with a direct current
power generation system, a power grid system and an AC/DC load, and is configured to perform
power transmission.

[0071] In an alternative embodiment, the direct current power generation system is a photovoltaic
power generation system.

[0072] In an alternative embodiment, the direct current frequency conversion cabinet is
connected with the intelligent converter and an alternating current load, and is configured to output
a frequency conversion voltage to the connected alternating current load. The direct current
frequency conversion cabinet is connected with a direct current bus and has multiple power
consumption interfaces, is configured to drive frequency conversion operation of the load when
total power of the connected load is less than or equal to a power threshold of the direct current
frequency conversion cabinet.

[0073] In an alternative embodiment, the load is a motor.

[0074] Inan alternative embodiment, the system control cabinet is configured to collect operating
data information of the alternating current power distribution cabinet, the intelligent converter, the
direct current power distribution cabinet, the direct current frequency conversion cabinet and the
energy storage device through a communication interface. The system control cabinet is
configured to generate an operation strategy and issue a control instruction according to the
operation strategy to control a coordination work of the alternating current power distribution
cabinet, the intelligent converter, the direct current power distribution cabinet, the direct current
frequency conversion cabinet and the energy storage device.

[0075] Inan alternative embodiment, the energy storage device is configured to perform charging

or discharging under the control instruction.



[0076] In an alternative embodiment, the system control cabinet, the direct current frequency
conversion cabinet, the direct current power distribution cabinet and the alternating current power
distribution cabinet are all designed with aluminum-plastic cabinets.

[0077] In an embodiment of the present disclosure, a direct current power distribution device is
also provided, and the device is configured to execute the above direct current power distribution
method. The device includes:

[0078] a determining module, configured to determine working modes of a direct current power
distribution system, where the direct current power distribution system includes a direct current
frequency conversion cabinet, an intelligent converter and an energy storage device and the
working modes include an intelligent converter priority output power mode and an intelligent
converter constant power output mode;

[0079] an obtaining module, configured to correspondingly obtain, under different working
modes, working parameters of the direct current power distribution system; and

[0080] a regulating module, configured to regulate operation of the direct current power
distribution system according to the working parameters to achieve an electric energy balance of
a power consumption side, a power generation side of a power grid and an energy storage side of
the direct current power distribution system;

[0081] where the obtaining module is further configured to obtain, in the intelligent converter
priority output power mode, output power of the intelligent converter and a state of charge (SoC)
value of the energy storage device; and obtain, in the intelligent converter constant power output
mode, a frequency change of the direct current frequency conversion cabinet, the output power of
the intelligent converter and the SoC value of the energy storage device;

[0082] the regulating module is further configured to control the energy storage device to
discharge, when the working mode is the intelligent converter priority output power mode, and the
output power of the intelligent converter is determined to be greater than or equal to a first preset
power value; or control the energy storage device to discharge, when the output power of the
intelligent converter is determined to be less than a second preset power value, where the second
preset power value is less than the first preset power value;

[0083] where the regulating module is further configured to control the energy storage device to
successively increase discharge output power according to a first preset power increase value until
a maximum discharge output power threshold is reached, when the SoC value is determined to be
greater than a first preset SoC value; and when the SoC value is determined to be less than a second
preset SoC value, control the energy storage device without starting a discharge function, or control

the energy storage device to successively decrease the discharge output power according to a first
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preset power decrease value until zero is reached, or stop discharging when a stop discharging
instruction input by a user is received, where the first preset SoC value is greater than the second
preset SoC value, and the first preset power increase value is equal to the first preset power
decrease value; and

[0084] the regulating module is further configured to control the energy storage device to charge
according to an electricity price state and the SoC value, when the energy storage device is in a
discharging stop state, and the output power of the intelligent converter is determined to be less
than or equal to a third preset power value; and

[0085] control the energy storage device to charge according to the electricity price state and the
SoC value, when the energy storage device is in a charging state and the output power of the
intelligent converter is determined to be greater than or equal to a fifth preset power value.

[0086] By applying the technical solutions according to the embodiments of the present
disclosure, for the direct current power distribution system, the direct current power distribution
system may include different modules, the modules may be disassembled separately and used
together, thereby facilitating design and selection, as well as installation and use. Installation of
the energy storage device may reduce capacity design of a power grid system. The system control
cabinet may control other modules, thereby realizing safe and stable operation of the system, and
improving energy utilization efficiency. For the direct current power distribution method, status of
the direct current frequency conversion cabinet, the energy storage device and the intelligent
converter is comprehensively considered to realize a linkage between the load on the power
consumption side and power supply. Under a condition of normally supplying electric energy to
the load, service life of the energy storage device is prolonged and the electric energy is saved.

BRIEF DESCRIPTION OF DRAWINGS

[0087] FIG. 1 is a flowchart of a direct current power distribution method according to an
optional embodiment 1 of the present disclosure.
[0088] FIG. 2 is a flowchart of a direct current power distribution method according to an
optional embodiment 2 of the present disclosure.
[0089] FIG. 3 is a flowchart of a direct current power distribution method according to an
optional embodiment 3 of the present disclosure.
[0090] FIG. 4 is a flowchart of a direct current power distribution method according to an
optional embodiment 4 of the present disclosure.
[0091] FIG. 5 is a flowchart of a direct current power distribution method according to an
optional embodiment 5 of the present disclosure.

[0092] FIG. 6 is a flowchart of a direct current power distribution method according to an
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optional embodiment 6 of the present disclosure.

[0093] FIG. 7 is a flowchart of a direct current power distribution method according to an
optional embodiment 7 of the present disclosure.

[0094] FIG. 8 is a structural block diagram of a direct current power distribution system
according to an optional embodiment 1 of the present disclosure.

[0095] FIG. 9 is a structural block diagram of a direct current power distribution system
according to an optional embodiment 2 of the present disclosure.

[0096] FIG. 10 is a structural block diagram of a direct current power distribution system
according to an optional embodiment 3 of the present disclosure.

[0097] FIG. 11 is a structural block diagram of a direct current power distribution device
according to an optional embodiment 4 of the present disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0098] The present disclosure will be further described in detail below in combination with
accompanying drawings and specific embodiments. It may be understood that the specific
embodiments described herein are only used to explain the present disclosure, rather than limiting
the present disclosure.

[0099] Inthe following description, suffixes, such as "module", "part" or "unit", used to represent
elements are used only for facilitating the description of the present disclosure, and have no
specific meaning in itself. Therefore, "module", "part" or "unit" may be used in a mixed manner.
[00100] In order to solve a problem that customized design of low-voltage direct current power
distribution is inconvenient, thereby affecting popularization of the low-voltage direct current
power distribution in related technologies, an embodiment of the present disclosure provides a
direct current power distribution method. The direct current power distribution method 1s applied
to a direct current power distribution system. As shown in FIG. 1, the method includes the
following steps.

[00101] Step S101, determining working modes of the direct current power distribution system.
[00102] Step S102, correspondingly obtaining, under different working modes, working
parameters of the direct current power distribution system.

[00103] Step S103, regulating operation of the direct current power distribution system according
to the working parameters to achieve an electric energy balance of a power consumption side, a
power generation side of a power grid and an energy storage side of the direct current power
distribution system.

[00104] As a result, status of a direct current frequency conversion cabinet, an energy storage

device and an intelligent converter is comprehensively considered to realize a linkage between a
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load on the power consumption side and power supply. Under a condition of normally supplying
electric energy to the load, service life of the energy storage device is prolonged and the electric
energy is saved.

[00105] The determining working modes of the direct current power distribution system includes:
determining the working modes including an intelligent converter priority output power mode and
an intelligent converter constant power output mode.

[00106] In a possible implementation manner, as shown in FIG. 2, Step S103, regulating operation
of the direct current power distribution system according to the working parameters includes the
following step. Step S1031, regulating operation of a direct current frequency conversion cabinet,
an intelligent converter and an energy storage device in the direct current power distribution
system according to the working parameters.

[00107] In a possible implementation manner, as shown in FIG. 3, Step S102, correspondingly
obtaining, under different working modes, working parameters of the direct current power
distribution system includes the following steps.

[00108] Step S1021, obtaining, in the intelligent converter priority output power mode, output
power of the intelligent converter and a SoC value of the energy storage device.

[00109] Step S1022, obtaining, in the intelligent converter constant power output mode, a
frequency change of the direct current frequency conversion cabinet, the output power of the
intelligent converter and the SoC value of the energy storage device.

[00110] The regulating operation of the direct current power distribution system according to the
working parameters includes: controlling the energy storage device to discharge, when the working
mode is the intelligent converter priority output power mode, and the output power of the
intelligent converter is determined to be greater than or equal to a first preset power value; or
controlling the energy storage device to discharge, when the output power of the intelligent
converter is determined to be less than a second preset power value. The second preset power value
is less than the first preset power value.

[00111] Specifically, in a first case, the controlling the energy storage device to discharge, when
the output power of the intelligent converter is determined to be greater than or equal to a first
preset power value includes: controlling the energy storage device to successively increase
discharge output power according to a first preset power increase value until a maximum discharge
output power threshold is reached, when the SoC value is determined to be greater than a first
preset SoC value; and when the SoC value is determined to be less than a second preset SoC value,
controlling the energy storage device without starting a discharge function, or controlling the

energy storage device to successively decrease the discharge output power according to a first

12



preset power decrease value until zero is reached, or stopping discharging when a stop discharging
instruction input by a user is received. The first preset SoC value is greater than the second preset
SoC value, and the first preset power increase value is equal to the first preset power decrease
value. In a second case, the controlling the energy storage device to discharge, when the output
power of the intelligent converter is determined to be less than a second preset power value
includes: controlling the energy storage device to successively decrease the discharge output
power by the first preset power decrease value until zero is reached, and then stopping discharging.
[00112] It may be noted that when the working mode is the intelligent converter priority output
power mode, the direct current power distribution system comprehensively considers the output
power of the intelligent converter, the direct current frequency conversion cabinet and the energy
storage device. Main principles are as follows. When the SoC value, that is storage capacity, of the
energy storage device is low, the energy storage device enters a charging mode to avoid causing
damage to itself. When the storage capacity of the energy storage device is high, the energy storage
device does not need to be charged, and the energy storage device may be controlled to enter a
discharge mode. When there are more loads connected to a side of the direct current frequency
conversion cabinet, resulting in a higher frequency of the direct current frequency conversion
cabinet and accordingly increasing the power of the intelligent converter, electricity fees on the
power grid side may be increased. Therefore, the energy storage device may be controlled to
discharge in this case to provide electrical energy for the intelligent converter to ensure the power
of the intelligent converter. However, when the discharge reaches a certain level, it may be
considered to prevent electric energy of the energy storage device from being too low and causing
damage to the energy storage device, so that the discharge may be stopped.

[00113] In a possible implementation manner, the method further includes: controlling the energy
storage device to charge according to an electricity price state and the SoC value, when the energy
storage device is in a discharging stop state, and the output power of the intelligent converter is
determined to be less than or equal to a third preset power value.

[00114] As shown in FIG. 4, the step of the controlling the energy storage device to charge
according to an electricity price state and the SoC value includes the following steps.

[00115] Step S401, controlling the energy storage device to charge when an electricity price is
determined to be a valley electricity price and the SoC value is determined to be less than a third
preset SoC value.

[00116] Step S402, controlling the energy storage device to charge when the electricity price is
determined to be a flat electricity price and the SoC value is determined to be less than a fourth

preset SoC value.
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[00117] It may be understood that when the energy storage device is charged, charging power of
the energy storage device is controlled to successively increase from zero according to the first
preset power increase value until the output power of the intelligent converter is monitored to be
greater than or equal to a fourth preset power value, and then the charging power is controlled to

stop increasing. The third preset SoC value is greater than the fourth preset SoC value. Moreover,

when the energy storage device is in a charging state and the output power of the intelligent
converter is determined to be greater than or equal to a fifth preset power value, the energy storage

device is controlled to charge according to the electricity price state and the SoC value. Specifically,
the controlling the energy storage device to charge according to the electricity price state and the

SoC value includes: controlling the energy storage device to charge when the electricity price is

determined to be the valley electricity price and the SoC value is determined to be greater than a
fifth preset SoC value; controlling the energy storage device to charge when the electricity price

is determined to be the flat electricity price and the SoC value is determined to be greater than a
sixth preset SoC value; and controlling the charging power of the energy storage device to

successively decrease according to a second preset power decrease value when the energy storage

device is charged, and stopping charging until zero is reached. The second preset power decrease
value is greater than the first preset power decrease value.

[00118] When the working mode is the intelligent converter priority output power mode, the direct
current power distribution system comprehensively considers the output power of the intelligent
converter, the direct current frequency conversion cabinet and the energy storage device. The main
principles are as follows. When the SoC value, that is the storage capacity, of the energy storage
device is low, the energy storage device enters a charging mode to avoid causing damage to itself.

When the storage capacity of the energy storage device is high, the energy storage device does not
need to be charged, and the energy storage device may be controlled to enter the discharge mode.

When there are more loads connected to the side of the direct current frequency conversion cabinet,

resulting in a higher frequency of the direct current inverter cabinet and accordingly increasing the
power of the intelligent converter, the electricity fees on the power grid side may be increased.

Therefore, the energy storage device may be controlled to discharge in this case to provide the

electrical energy for the intelligent converter to ensure the power of the intelligent converter.

However, when the discharge reaches the certain level, it may be considered to prevent the electric

energy of the energy storage device from being too low and causing the damage to the energy

storage device, so that the discharge may be stopped.

[00119] If a power grid state is at a valley electricity price, it means that grid power resources are

relatively abundant and an electricity price is low at this time, so that an energy storage device
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may be controlled to charge in the case of low electricity to store electricity. In addition, it may be
noted that since grid power is relatively abundant, the charging of the energy storage device may
not affect operation of an intelligent converter and a direct current frequency conversion cabinet,
and may not affect normal use of a load.

[00120] If the power grid state is at a flat electricity price, it means that the grid power resources
are not abundant and the electricity price is high at this time, so that the energy storage device may
be controlled to charge when the power is very low, so as to save money for users.

[00121] It may be understood that an energy storage device may also be in a forced charging mode
and a forced discharging mode. When the energy storage device is in the forced charging mode
and power of an intelligent converter is controlled to decrease to a sixth preset power value, the
energy storage device is controlled to charge, and charging power of the energy storage device is
controlled to successively increase according to a first preset power increase value until a
maximum charging power threshold is reached. When a SoC value is monitored to be greater than
or equal to a seventh preset SoC value, the charging power of the energy storage device is
controlled to successively decrease according to a second preset power decrease value, and
charging is stopped until zero is reached. When the energy storage device is in the forced
discharging mode and the power of the intelligent converter is controlled to increase to a seventh
preset power value, the energy storage device 1s controlled to discharge, and discharging power of
the energy storage device is controlled to successively increase according to the first preset power
increase value until a maximum discharging power threshold is reached. When the SoC value is
monitored to be less than or equal to a second preset SoC value, the discharging power of the
energy storage device is controlled to successively decrease according to the second preset power
decrease value, and discharge is stopped until zero is reached.

[00122] It may be understood that when a direct current frequency conversion cabinet is monitored
to successively increase a frequency according to a preset rate, an intelligent converter is controlled
to increase output power to meet an actual power demand of a load connected with the direct
current frequency conversion cabinet. When an output power value of the intelligent converter is
monitored to be greater than or equal to an eighth preset power value, the direct current frequency
conversion cabinet belonging to the intelligent converter is controlled to stop increasing the
frequency. Output power of the direct current frequency conversion cabinet is a first preset power
threshold, when a system is in an energy storage device discharge mode. The output power of the
direct current frequency conversion cabinet is a second preset power threshold, when the system
is in an energy storage discharge mode and a grid power supply mode.

[00123] It may be noted that when the working mode is the intelligent converter priority output
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power mode, the direct current power distribution system comprehensively considers the output
power of the intelligent converter, the direct current frequency conversion cabinet and the energy
storage device. The main principles are as follows. When the SoC value, that is the storage capacity,
of the energy storage device is low, the energy storage device enters a charging mode to avoid
causing damage to itself. When the storage capacity of the energy storage device is high, the energy
storage device does not need to be charged, and the energy storage device may be controlled to
enter the discharge mode. When there are more loads connected to the side of the direct current
frequency conversion cabinet, resulting in a higher frequency of the direct current inverter cabinet
and accordingly increasing the power of the intelligent converter, the electricity fees on the power
grid side may be increased. Therefore, the energy storage device may be controlled to discharge
in this case to provide the electrical energy for the intelligent converter to ensure the power of the
intelligent converter. However, when the discharge reaches the certain level, it may be considered
to prevent the electric energy of the energy storage device from being too low and causing the
damage to the energy storage device, so that the discharge may be stopped.

[00124] In a possible implementation manner, the regulating operation of the direct current power
distribution system according to the working parameters includes: controlling a direct current
frequency conversion cabinet to automatically adjust a frequency until the power of an intelligent
converter i1s monitored to be less than preset constant power and a difference between the power
of the intelligent converter and the preset constant power is less than a preset difference, and then
running according to preset constant power; and controlling an energy storage device to avoid
working at this time.

[00125] As a result, status of the direct current frequency conversion cabinet, the energy storage
device and the intelligent converter is comprehensively considered to realize a linkage between a
load on a power consumption side and power supply. Under a condition of normally supplying
electric energy to the load, service life of the energy storage device is prolonged and the electric
energy is saved.

[00126] In a possible implementation manner, as shown in FIG. 5, the step of regulating operation
of the direct current power distribution system according to the working parameters includes the
following steps.

[00127] Step S501, querying a discharge power margin PFY of an energy storage device, when a
working mode is an intelligent converter constant power output mode, and a direct current
frequency conversion cabinet is determined to need to increase a frequency.

[00128] Step S502, controlling the direct current frequency conversion cabinet to successively

increase the frequency according to a preset rate, if the PFY is greater than or equal to a preset
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PFY value.

[00129] Step S503, prohibiting the direct current frequency conversion cabinet from increasing
the frequency, and at this time, power of the direct current frequency conversion cabinet being
reached to a maximum preset power value, if the PFY is less than the preset PFY value.

[00130] The PFY is determined according to current discharge power of the energy storage device,
when the SoC value of the energy storage device is greater than a first preset SoC value.

[00131] As a result, when the PFY is sufficient, the power of the direct current frequency
conversion cabinet is increased to prevent causing damage to the energy storage device.

[00132] In a possible implementation manner, the regulating operation of the direct current power
distribution system according to the working parameters includes: when the working mode is the
intelligent converter constant power output mode, a frequency of the direct current frequency
conversion cabinet is determined to successively decrease and the energy storage device is in a
discharging state, and the output power of the intelligent converter is monitored to be less than the
preset constant power, controlling the energy storage device to successively decrease discharge
output power according to the first preset power decrease value zero is reached, and then stopping
discharge.

[00133] In a possible implementation manner, when the energy storage device is in a discharging
stop state, the method includes: controlling the energy storage device to charge and controlling
charging power to successively increase according to a first preset power increase value, if the
output power of the intelligent converter is determined to be less than the preset constant power
and a difference between the output power and the preset constant power is greater than a preset
difference; stopping increasing the charging power, if the output power is determined to be greater
than the preset constant power and the difference between the output power and the preset constant
power is greater than the preset difference. The charging power is not greater than a maximum
preset charging power value, and correspondingly, power of the intelligent converter is not less
than a power critical value. The method further includes: controlling the charging power to
successively decrease according to a second preset power decrease value until charging is stopped,
if the SoC value is greater than a SoC critical value; controlling the direct current frequency
conversion cabinet to automatically adjust the frequency, so that the output power of the intelligent
converter is less than the preset constant power and the difference between the output power and
the preset constant power is less than the preset difference, if the energy storage device is fully
charged; performing charging and controlling the charging power to successively increase
according to the first preset power increase value until a preset charging power threshold is reached,

if the SoC value is less than a second preset SoC value; at the same time, controlling the power of
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the intelligent converter to successively decrease until being less than the preset constant power
and a difference between the power and the preset constant power is less than a preset difference;
and stopping the charging, when the SoC value is greater than the second preset SoC value.
[00134] It may be understood that the direct current power distribution system comprehensively
considers the output power of the intelligent converter, the direct current frequency conversion
cabinet and the energy storage device. The main principles are as follows. When the SoC value,
that is the storage capacity, of the energy storage device is low, the energy storage device enters a
charging mode to avoid causing damage to itself. When the storage capacity of the energy storage
device is high, the energy storage device does not need to be charged, and the energy storage device
may be controlled to enter the discharge mode. When there are more loads connected to the side
of the direct current frequency conversion cabinet, resulting in a higher frequency of the direct
current inverter cabinet and accordingly increasing the power of the intelligent converter, the
electricity fees on the power grid side may be increased. Therefore, the energy storage device may
be controlled to discharge in this case to provide the electrical energy for the intelligent converter
to ensure the power of the intelligent converter. However, when the discharge reaches the certain
level, it may be considered to prevent the electric energy of the energy storage device from being
too low and causing the damage to the energy storage device, so that the discharge may be stopped.
[00135] In a possible implementation manner, as shown in FIG. 6, the method further includes the
following steps.

[00136] Step S601, when an energy storage device is in a forced charging mode, controlling power
of an intelligent converter to be successively adjusted to a power critical value, and controlling
charging power to successively increase according to a first preset power increase value until a
charging power critical value is reached.

[00137] Step S602, when a SoC value is greater than a SoC critical value, stopping charging and
successively restoring to an initial default state.

[00138] As a result, in the forced charging mode, the power of the intelligent converter may be
controlled to be low enough, but operation of a load may not be affected.

[00139] In a possible implementation manner, as shown in FIG. 7, the method further includes the
following steps.

[00140] Step S701, when an energy storage device is in a forced charging mode, controlling power
of an intelligent converter to be successively adjusted to a maximum power critical value and
controlling discharge power to be adjusted to a maximum critical value.

[00141] Step S702, when a SoC value is less than a second preset SoC value, stopping discharging

and successively restoring to an initial default state.

18



[00142] As aresult, in order to achieve maximum discharge, the discharge power of the intelligent
converter may be controlled to be large enough, within a range that the intelligent converter may
reach, to achieve discharge.

[00143] In the following, a specific application example is used to illustrate a regulation method
in the above two modes. An intelligent converter may be a three-phase intelligent converter with
power of 20 KW. An energy storage device is an energy storage cabinet with maximum power of
10 KW. Power of a direct current frequency conversion cabinet is recorded as 30 KW. In other
words, a power ratio of the above three devices is configured in 2:1:3. The direct current frequency
conversion cabinet operates according to limited power. In normal operation, the maximum power
is 20 KW. Under extreme working conditions, for example, under a working condition of energy
storage discharge plus grid power supply, the power may reach 30 KW. If energy storage discharge
is existed, the direct current frequency conversion cabinet may operate for 0.5 hours at the power
of 10 KW.

[00144] Functions of an energy storage device include supplementing peak power and operating
in emergency.

[00145] When a working mode is an intelligent converter priority output power mode, the
following energy storage DC refers to the energy storage device mentioned above.

[00146] An intelligent converter may be used to stabilize voltage of a direct current bus in real
time. Power of the intelligent converter may be automatically adjusted, and maximum power is 20
KW. Power of a direct current frequency conversion cabinet on a power consumption side is
usually limited to operate within 20 KW, and in a case of energy storage discharge, peak power
may operate at 30 KW. When the direct current frequency conversion cabinet increases the power,
a frequency is successively increased at a rate of 1 Hz/s. The intelligent converter automatically
responds to the frequency of the direct current frequency conversion cabinet in real time to increase
power output to meet an actual power demand. When the energy storage DC monitors, through
communication data, the output power of the intelligent converter Pb >= 20 KW, if SoC > 25% at
this time, the energy storage DC may successively increase discharge output power at 0.5 KW
until a maximum of the discharge output power reaches 10 KW. If SoC < 20% at this time, the
energy storage DC does not start the discharge, or the discharge output power may successively
reduced at 0.5 KW, until the discharge is turned off.

[00147] If the direct current frequency conversion cabinet monitors that the output power of the
intelligent converter continues to increase to Pb >=21 KW, it indicates that the energy storage DC
may no longer supplement power, so that the direct current frequency conversion cabinet may not

continue to increase the frequency.
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[00148] When the energy storage DC monitors that the output power of the intelligent converter
Pb < 19 KW through communication, the energy storage DC successively reduces the discharge
output power at 0.5 KW until 0 is reached, and then the discharging is stopped.

[00149] Ifthe energy storage DC is in a discharging stop state, and the energy storage DC monitors
the output power of the intelligent converter Pb <= 16 KW through communication: (a) if an
electricity price is a valley electricity price and SoC < 85%, charging is started; and (b) if the
electricity price is a flat electricity price and SoC < 45%, the charging is started. Charging power
increases successively from 0 to meet Pb < 17, and increases by 0.5 KW each time. When Pb >=
17 KW, the charging power is controlled to stop increasing.

[00150] In a charging state, if the energy storage DC monitors, that output power of the intelligent
converter is greater than or equal to 18 KW (including increase of an electrical load at this time)
through communication, the charging power is successively reduced by 1 KW until 0 is reached,
and then the charging is stopped.

[00151] If the electricity price is the valley electricity price, after SoC > 95%, the charging power
is successively reduced at 1 KW until 0 is reached, and the charging is stopped.

[00152] If the electricity price is the flat electricity price, after SoC > 70%, the charging power is
successively reduced at 1 KW until 0 is reached, and the charging is stopped.

[00153] If the energy storage DC is set for forced charging, operating power of the load is
reduced to 10 KW firstly, and then the charging is started. The charging power is successively
increased at 0.5 KW until the maximum charging power 10 KW is reached. After SoC >= 95%,
the charging power is successively reduced at 1 KW until 0 is reached, and then the charging is
stopped.

[00154] If the energy storage DC is set for forced discharging, the operating power of the load is
reduced to 15 KW firstly, and then the discharging is started. The discharging power is successively
increased at 0.5 KW until the maximum discharging power 10 KW is reached. After SoC < 20%,
the discharging power is successively reduced at 1 KW until 0 is reached, and then the discharging
is stopped.

[00155] When a working mode is an intelligent converter constant power output mode, the
following energy storage DC refers to the energy storage device mentioned above.

[00156] If an intelligent converter is set to output at constant power of 15 KW, at this time, default
is that a loaded direct current frequency conversion cabinet automatically adjusts a frequency to
meet 14.5 KW <Pb < 15 KW to operate, and the energy storage does not work.

[00157] Before the direct current frequency conversion cabinet needs to increase the power,

increaseable discharge power margin PFY of the energy storage DC is queried, so that increaseable
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power is determined to be the PFY. The PFY is determined by the energy storage DC according to
current energy storage capacity SoC > 25% and current discharge power. If PFY >= 1, the direct
current frequency conversion cabinet may successively increase a frequency at a rate of 1 Hz/s. If
PFY < 1, the power of the direct current frequency conversion cabinet is controlled to stop
increasing, and not allowed to increase. That is, default is that maximum operating power of the
direct current frequency conversion cabinet is 24 KW.

[00158] When the direct current frequency conversion cabinet successively reduces the frequency,
if the energy storage DC is in a discharging state and the energy storage DC monitors that the
output power of the intelligent converter Pb < 15 KW through communication, the energy storage
DC successively reduces the discharge output power at 0.5 KW until 0 is reached, and then the
discharging is stopped.

[00159] When the energy storage DC is in a stopped state and the energy storage DC is in SoC <
85%, if the output power of the intelligent converter is monitored to be in Pb < 14.5 KW, the
energy storage DC starts charging. The charging power is controlled to successively increase at
0.5 KW. If Pb >= 15.5 KW, the charging power is controlled to stop increasing. The maximum
charging power is 10 KW, that is, the load power may not be lower than 5 KW. If SoC > 95%, the
charging power is reduced successively at 1 KW until the charging is stopped. When the energy
storage is full and cannot be recharged, the direct current frequency conversion cabinet may
automatically adjust and increase the power to operate to meet 14.5 KW <Pb <15 KW.

[00160] If the energy storage is in SoC < 20%, the charging is started. The charging power is
increased successively at 0.5 KW until 5 KW is reached. At the same time, fan power is reduced
successively until 14.5 KW <Pb < 15 KW is met. Until SoC > 20%, a current mode is exited.
[00161] If the energy storage is forced to charge, output power of a variable frequency fan may
be successively adjusted to 5 KW, and at the same time, the charging may be adjusted to
successively increase at 0.5 KW until the maximum power 10 KW is reached. Until SoC > 95%,
the charging is stopped, and then a default state is restored successively.

[00162] If the energy storage is forced to discharge, the output power of the variable frequency
fan may be successively adjusted to 25 KW, and at the same time, the discharge power is adjusted
to 10 KW. Until SoC < 20%, the discharging is stopped and the default state is restored successively.
[00163] As a result, status of the direct current frequency conversion cabinet, the energy storage
device and the intelligent converter is comprehensively considered to realize a linkage between
the load on the power consumption side and power supply. Under a condition of normally
supplying electric energy to the load, service life of the energy storage device is prolonged and the

electric energy is saved.
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[00164] FIG. 8 is a structural block diagram of a direct current power distribution system
according to an optional embodiment 1 of the present disclosure. The system is used to execute
the direct current power distribution method of the above embodiments. The system includes: a
system control cabinet 5, an intelligent converter 2, a direct current frequency conversion cabinet
4 and an energy storage device 6.

[00165] The intelligent converter 2 is connected with the direct current frequency conversion
cabinet 4, and is configured to provide electrical energy to the direct current frequency conversion
cabinet 4.

[00166] The direct current frequency conversion cabinet 4 is configured as a load connected to a
power consumption side.

[00167] The system control cabinet 5 is respectively connected with the intelligent converter 2,
the direct current frequency conversion cabinet 4 and the energy storage device 6. The system
control cabinet 5 is configured to obtain working parameters of the intelligent converter 2, the
direct current frequency conversion cabinet 4 and the energy storage device 6, and regulate
operation of the direct current power distribution system according to the working parameters to
achieve an electric energy balance of the power consumption side, a power grid side and a side of
the energy storage device 6.

[00168] As a result, by the regulating of the direct current power distribution system, an electric
energy balance of the power consumption side, a power generation side of a power grid and an
energy storage side is achieved. Moreover, the direct current power distribution system may be
convenient for users to design and select, and is convenient for installation and use. Installation of
the energy storage device may reduce capacity design of a power grid system. The system control
cabinet may control other modules, thereby improving energy utilization efficiency.

[00169] In a possible implementation manner, as shown in FIG. 9, the above system further
includes: an alternating current power distribution cabinet 1. The alternating current power
distribution cabinet 1 is respectively connected with a power grid system, an intelligent converter
2 and a system control cabinet 5. The alternating current power distribution cabinet 1 is configured
to: transmit electrical energy of the power grid system to the direct current power distribution
system, provide alternating current power to the intelligent converter 2, connect with an alternating
current load and provide electrical energy to the connected alternating current load. The alternating
current power distribution cabinet 1 is configured to monitor power input from the power grid
system and power consumption of each branch load, and send a monitoring result to the system
control cabinet 5, so that the system control cabinet 5 performs analysis according to the

monitoring result. The alternating current power distribution cabinet 1 has an electrical energy
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input isolation switch and an electrical energy output isolation switch, and internal components of
the alternating current power distribution cabinet 1 are arranged in a hierarchical manner.

[00170] The alternating current power distribution cabinet, as an interface of a public power grid,
has an input isolation switch and an output isolation switch, so that energy data on input and output
electric energy may be collected at the same time. Moreover, an aluminum-plastic box is used as
a main body, and a device layout with high functions and compact density is designed. The
hierarchical manner is adopted to make full use of space. The alternating current power distribution
cabinet include an energy monitoring module. Therefore, monitoring and analysis of real-time data
of input electric energy and output voltage, current, power and electricity of each branch power
supply, and then upload a result to an energy management platform to realize transparency of
energy data. The power distribution cabinet adopts a standard aluminum-plastic box with good
heat dissipation and sealing protection.

[00171] In a possible implementation manner, as shown in FIG. 9, the above system further
includes: a direct current power distribution cabinet 3. The direct current power distribution
cabinet 3 is respectively connected with a system control cabinet 5, a direct current frequency
conversion cabinet 4 and an intelligent converter 2. The direct current power distribution cabinet
3 is configured to receive electrical energy provided by the intelligent converter 2, connect with a
direct current power generation system and/or a direct current load, and provide electrical energy
to the direct current frequency conversion cabinet 4 and/or the direct current load. The direct
current power distribution cabinet 3 is configured to provide a dual power supply capability for
the direct current power distribution system. The direct current power distribution cabinet 3 is
equipped with a direct current circuit breaker and a fuse inside, and has protection functions of
over-current and over-voltage.

[00172] The direct current power distribution cabinet 3 is further configured to connect to the
direct current power generation system through a direct current bus, output a first preset direct
current voltage, a second preset direct current voltage and a preset isolation safety voltage value
through a DC/DC conversion mode of the intelligent converter 2. The direct current power
distribution cabinet 3 is further configured to monitor a power condition obtained from the direct
current bus and the power consumption of each branch direct current load, and send a monitoring
result to the system control cabinet 5, so that the system control cabinet performs analysis
according to the monitoring result.

[00173] The direct current power distribution cabinet inputs 650V to the direct current bus, and
outputs power distribution 400V DC, 200V DC and an isolated safety voltage of 48V DC through

DC/DC conversion. As for the output direct current of each branch, in addition to corresponding
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protective measures such as over-current and over-voltage in terms of control, a device such as a
direct current circuit breaker and a fuse is also equipped to ensure safety of power distribution of
each branch. At the same time, a direct current energy monitoring module is equipped to realize
transparent and safe management of energy. Direct current power distribution capacity of single-
branch maximum 5 KW and dual-branch 10 KW is provided.

[00174] In a possible implementation manner, an intelligent converter 2 may also be connected to
a direct current power generation system, a power grid system and an AC/DC load, and is
configured to perform power transmission.

[00175] It may be noted that the direct current power generation system is a photovoltaic power
generation system.

[00176] In a possible implementation manner, the direct current frequency conversion cabinet 4
is connected with the intelligent converter 2 and an alternating current load, and is configured to
output a frequency conversion voltage to the connected alternating current load. The direct current
frequency conversion cabinet 4 is connected with a direct current bus and has multiple power
consumption interfaces, and is configured to drive frequency conversion operation of the load
when total power of the connected load is less than or equal to a power threshold of the direct
current frequency conversion cabinet 4. The load is a motor.

[00177] Input of the direct current frequency conversion cabinet is a high-voltage direct current
bus 650V, and output is frequency conversion power, so as to drive frequency conversion operation
and regulation of a fan of an air conditioning system. The direct current frequency conversion
cabinet may directly use direct current power supply, and may realize multiple drives. For example,
when a power threshold of the direct current frequency conversion cabinet is 30 KW, one direct
current frequency conversion cabinet may realize to drive frequency conversion operation and
regulation of three air-conditioning blowers with power of 10 KW. A sealing protection structure
of an aluminum-plastic box is used to improve performance, and a problem of heat dissipation is
solved. A communication port communicates with a control center to receive control instructions.
[00178] In a possible implementation manner, the system control cabinet 5 is configured to collect
operating data information of the alternating current power distribution cabinet 1, the intelligent
converter 2, the direct current power distribution cabinet 3, the direct current frequency conversion
cabinet 4 and the energy storage device 6 through a communication interface. The system control
cabinet 5 is configured to generate an operation strategy and issue a control instruction according
to the operation strategy to control a coordination work of the alternating current power
distribution cabinet 1, the intelligent converter 2, the direct current power distribution cabinet 3,

the direct current frequency conversion cabinet 4 and the energy storage device 6.
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[00179] In a possible implementation manner, the energy storage device 6 is configured to perform
charging or discharging under the control instruction.

[00180] In a possible implementation manner, the system control cabinet 5, the direct current
frequency conversion cabinet 4, the direct current power distribution cabinet 3 and the alternating
current power distribution cabinet 1 are all designed with aluminum-plastic cabinets. The
aluminum-plastic cabinets have good heat dissipation, may protect internal components, have neat
and unified appearances, and are convenient for design and selection. Modular design is
convenient for model selection. In addition, FIG. 9 shows that six modules are located on a channel
steel base, which is more stable.

[00181] FIG. 10 is a structural block diagram of a direct current power distribution system
according to an optional embodiment 3 of the present disclosure. A public power grid 8, an
intelligent converter 2, an energy storage device 6, a direct current frequency conversion cabinet
4 and a load 7 are arranged from left to right. Lines connecting these components may be
understood as direct current buses.

[00182] The embodiments of the present disclosure provide a direct current power distribution
device being configured to execute a method shown in the above embodiments. As shown in FIG.
11, the device includes the following modules.

[00183] A determining module 901, configured to determine working modes of a direct current
power distribution system.

[00184] An obtaining module 902, configured to correspondingly obtain, under different working
modes, working parameters of the direct current power distribution system.

[00185] A regulating module 903, configured to regulate operation of the direct current power
distribution system according to the working parameters to achieve an electric energy balance of
a power consumption side, a power generation side of a power grid and an energy storage side of
the direct current power distribution system.

[00186] In a possible implementation manner, the regulating module 903 is configured to regulate
operation of a direct current frequency conversion cabinet, an intelligent converter and an energy
storage device in the direct current power distribution system according to the working parameters.
[00187] In a possible implementation manner, the determining module 901 is configured to
determine the working modes including an intelligent converter priority output power mode and
an intelligent converter constant power output mode.

[00188] In a possible implementation manner, the obtaining module 902 is configured to obtain,
in the intelligent converter priority output power mode, output power of the intelligent converter

and a SoC value of the energy storage device, and obtain, in the intelligent converter constant
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power output mode, a frequency change of the direct current frequency conversion cabinet, the
output power of the intelligent converter and the SoC value of the energy storage device.

[00189] As a result, status of the direct current frequency conversion cabinet, the energy storage
device and the intelligent converter is comprehensively considered to realize a linkage between
the load on the power consumption side and power supply. Under a condition of normally
supplying electric energy to the load, service life of the energy storage device is prolonged and the
electric energy is saved.

[00190] It may be noted that in this article, terms "include", "contain" or any other variants thereof
are intended to cover non-exclusive inclusion, so that a process, method, article or device including
a series of elements not only includes those elements, but also includes other elements that are not
explicitly listed, or elements inherent to the process, method, article, or device. If there are no more
restrictions, an element defined by a sentence "including a..." does not exclude existence of other
identical elements in the process, method, article, or device that includes the element.

[00191] Sequence numbers of the above mentioned embodiments of the present disclosure are
only for description, and do not represent advantages and disadvantages of the embodiments.
[00192] Through the description of the above embodiments, those skilled in the art may clearly
understand that the methods of the above embodiments may be implemented by means of a
software plus a necessary general hardware platform. Of course, a hardware may also be used, but
in many cases the former is a better implementation. Based on this understanding, the technical
solutions of the present disclosure may be embodied in a form of software product in essence or
the part that contributes to related technologies. The computer software product is stored in a
storage medium (such as a ROM/RAM, a magnetic disk and an optical disk), and includes several
instructions to make a mobile terminal (may be a mobile phone, computer, server, air conditioner,
or network device, etc.) to execute the methods described in each embodiment of the present
disclosure.

[00193] The embodiments of the present disclosure are described above with reference to the
accompanying drawings, but the present disclosure is not limited to the above mentioned specific
implementations. The above mentioned specific implementations are only illustrative and not
restrictive. Under enlightenment of the present disclosure, those skilled in the art may make many
forms without departing from the purpose of the present disclosure and the scope of protection of

the claims, and these all fall within the protection of the present disclosure.
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Claims:

1. A direct current power distribution method, being applied to a direct current power
distribution system, comprising:

determining working modes of the direct current power distribution system, wherein the
direct current power distribution system comprises a direct current frequency conversion cabinet,
an intelligent converter and an energy storage device, and the working modes comprises an
intelligent converter priority output power mode and an intelligent converter constant power output
mode;

correspondingly obtaining, under different working modes, working parameters of the direct
current power distribution system; and

regulating operation of the direct current power distribution system according to the working
parameters to achieve an electric energy balance of a power consumption side, a power generation
side of a power grid, and an energy storage side of the direct current power distribution system;

wherein the correspondingly obtaining, under different working modes, working parameters
of the direct current power distribution system comprises:

obtaining, in the intelligent converter priority output power mode, output power of the
intelligent converter and a state of charge (SoC) value of the energy storage device; and obtaining,
in the intelligent converter constant power output mode, a frequency change of the direct current
frequency conversion cabinet, the output power of the intelligent converter and the SoC value of
the energy storage device;

the regulating operation of the direct current power distribution system according to the
working parameters comprises: controlling the energy storage device to discharge, when the
working mode is the intelligent converter priority output power mode, and the output power of the
intelligent converter is determined to be greater than or equal to a first preset power value; or
controlling the energy storage device to discharge, when the output power of the intelligent
converter is determined to be less than a second preset power value, wherein the second preset
power value is less than the first preset power value;

wherein the controlling the energy storage device to discharge, when the output power of the
intelligent converter is determined to be greater than or equal to a first preset power value
comprises: controlling the energy storage device to successively increase discharge output power
according to a first preset power increase value until a maximum discharge output power threshold
is reached, when the SoC value is determined to be greater than a first preset SoC value; and when
the SoC value is determined to be less than a second preset SoC value, controlling the energy

storage device without starting a discharge function, or controlling the energy storage device to
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successively decrease the discharge output power according to a first preset power decrease value
until zero is reached, or stopping discharging when a stop discharging instruction input by a user
is received, wherein the first preset SoC value is greater than the second preset SoC value, and the
first preset power increase value is equal to the first preset power decrease value; and

the regulating operation of the direct current power distribution system according to the
working parameters further comprises: controlling the energy storage device to charge according
to an electricity price state and the SoC value, when the energy storage device is in a discharging
stop state, and the output power of the intelligent converter is determined to be less than or equal
to a third preset power value;

controlling the energy storage device to charge according to the electricity price state and the
SoC value, when the energy storage device is in a charging state and the output power of the
intelligent converter is determined to be greater than or equal to a fifth preset power value.

2. The method according to claim 1, wherein the controlling the energy storage device to
discharge, when the output power of the intelligent converter is determined to be less than a second
preset power value comprises:

controlling the energy storage device to successively decrease discharge output power by a
first preset power decrease value until zero is reached, and then stopping discharging.

3. The method according to claim 1, wherein the controlling the energy storage device to
charge according to an electricity price state and the SoC value comprises:

controlling the energy storage device to charge when an electricity price is determined to be
a valley electricity price and the SoC value is determined to be less than a third preset SoC value;

controlling the energy storage device to charge when the electricity price is determined to be
a flat electricity price and the SoC value is determined to be less than a fourth preset SoC value;
and

controlling charging power of the energy storage device to successively increase from zero
according to the first preset power increase value when the energy storage device is charged, and
stopping increasing the charging power until the output power of the intelligent converter is
monitored to be greater than or equal to a fourth preset power value,

wherein the third preset SoC value is greater than the fourth preset SoC value.

4. The method according to claim 3, wherein the controlling the energy storage device to
charge according to the electricity price state and the SoC value comprises:

controlling the energy storage device to charge when an electricity price is determined to be
avalley electricity price and the SoC value is determined to be greater than a fifth preset SoC value;

controlling the energy storage device to charge when the electricity price is determined to be
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a flat electricity price and the SoC value is determined to be greater than a sixth preset SoC value;
and

controlling charging power of the energy storage device to successively decrease according
to a second preset power decrease value when the energy storage device is charged, and stopping
charging until zero is reached,

wherein the second preset power decrease value is greater than the first preset power decrease
value.

5. The method according to claim 1, wherein the method further comprises:

when the energy storage device is in a forced charging mode and power of the intelligent
converter is controlled to decrease to a sixth preset power value, controlling the energy storage
device to charge, and controlling charging power of the energy storage device to successively
increase according to a first preset power increase value until a maximum charging power
threshold is reached; and

when the SoC value is monitored to be greater than or equal to a seventh preset SoC value,
controlling the charging power of the energy storage device to successively decrease according to
a second preset power decrease value, and stopping charging until zero is reached.

6. The method according to claim 1, wherein the method further comprises:

when the energy storage device is in a forced discharging mode and power of the intelligent
converter is controlled to increase to a seventh preset power value, controlling the energy storage
device to discharge, and controlling discharging power of the energy storage device to successively
increase according to a first preset power increase value until a maximum discharging power
threshold 1s reached; and

when the SoC value is monitored to be less than or equal to a second preset SoC value,
controlling the discharging power of the energy storage device to successively decrease according
to a second preset power decrease value, and stopping discharging until zero is reached.

7. The method according to claim 1, wherein the method further comprises:

controlling the intelligent converter to increase the output power to meet an actual power
demand of a load connected with the direct current frequency conversion cabinet, when the direct
current frequency conversion cabinet is monitored to successively increase a frequency according
to a preset rate; and

controlling the direct current frequency conversion cabinet belonging to the intelligent
converter to stop increasing the frequency, when an output power value of the intelligent converter
is monitored to be greater than or equal to an eighth preset power value,

wherein the output power of the direct current frequency conversion cabinet is a first preset
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power threshold, when the energy storage device is controlled to discharge, or the output power of
the direct current frequency conversion cabinet is a second preset power threshold, when the
energy storage is controlled to discharge and the power grid supplies electricity.

8. The method according to claim 1, wherein the regulating operation of the direct current
power distribution system according to the working parameters comprises:

In the intelligent converter priority output power mode, controlling the direct current
frequency conversion cabinet to automatically adjust a frequency until the output power of the
intelligent converter is monitored to be less than preset constant power and a difference between
the output power of the intelligent converter and the preset constant power is less than a preset
difference to convert into the intelligent converter constant power output mode, and then running
according to the preset constant power; and controlling the energy storage device to avoid working
at this time.

9. The method according to claim 1, wherein the regulating operation of the direct current
power distribution system according to the working parameters comprises:

querying a discharge power margin PFY of the energy storage device, when the working
mode is the intelligent converter constant power output mode, and the direct current frequency
conversion cabinet is determined to need to increase a frequency;

controlling the direct current frequency conversion cabinet to successively increase the
frequency according to a preset rate, if the PFY is greater than or equal to a preset PFY value; and

prohibiting the direct current frequency conversion cabinet from increasing the frequency,
and at this time, power of the direct current frequency conversion cabinet being reached to a
maximum preset power value, if the PFY is less than the preset PFY value,

wherein the PFY is determined according to current discharge power of the energy storage
device, when the SoC value of the energy storage device is greater than a first preset SoC value.

10. The method according to claim 1, wherein the regulating operation of the direct current
power distribution system according to the working parameters comprises:

when the working mode is the intelligent converter constant power output mode, a frequency
of the direct current frequency conversion cabinet is determined to successively decrease and the
energy storage device is in a discharging state, and the output power of the intelligent converter is
monitored to be less than preset constant power, controlling the energy storage device to
successively decrease discharge output power according to a first preset power decrease value until
zero is reached, and then stopping discharging.

11. The method according to claim 10, wherein when the energy storage device is in a

discharging stop state, the method comprises:

30



controlling the energy storage device to charge and controlling charging power to
successively increase according to a first preset power increase value, if the output power of the
intelligent converter is determined to be less than the preset constant power and a difference
between the output power and the preset constant power is greater than a preset difference;

stopping increasing the charging power, if the output power is determined to be greater than
the preset constant power and the difference between the output power and the preset constant
power is greater than the preset difference,

wherein the charging power is not greater than a maximum preset charging power value, and
correspondingly, power of the intelligent converter is not less than a power critical value;

controlling the charging power to successively decrease according to a second preset power
decrease value until charging is stopped, if the SoC value is greater than a SoC critical value;

controlling the direct current frequency conversion cabinet to automatically adjust the
frequency, so that the output power of the intelligent converter is less than the preset constant
power and the difference between the output power and the preset constant power is less than the
preset difference, if the energy storage device is fully charged;

performing charging and controlling the charging power to successively increase according
to the first preset power increase value until a preset charging power threshold is reached, if the
SoC value is less than a second preset SoC value;

at the same time, controlling the output power of the intelligent converter to successively
decrease until being less than the preset constant power and a difference between the output power
and the preset constant power is less than a preset difference; and

stopping the charging, when the SoC value is greater than the second preset SoC value.

12. The method according to claim 1, wherein the method comprises:

when the energy storage device is in a forced charging mode, controlling power of the
intelligent converter to be successively adjusted to a power critical value, and controlling the
charging power to successively increase according to a first preset power increase value until a
charging power critical value is reached; and

stopping charging and successively restoring to an initial default state, when the SoC value is
greater than a SoC critical value.

13. The method according to claim 1, wherein the method comprises:

when the energy storage device is in a forced discharging mode, controlling power of the
intelligent converter to be successively adjusted to a maximum power critical value, and
controlling discharge power to be adjusted to a maximum critical value; and

stopping discharging and successively restoring to an initial default state, when the SoC value
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is less than a second preset SoC value.

14. A direct current power distribution system, suitable to execute a direct current power
distribution method according to any one of claims 1 to 13, comprising: a system control cabinet,
an intelligent converter, a direct current frequency conversion cabinet and an energy storage device,

the intelligent converter being connected with the direct current frequency conversion cabinet
and configured to provide electrical energy to the direct current frequency conversion cabinet;

the direct current frequency conversion cabinet being configured as a load connected with a
power consumption side; and

the system control cabinet being respectively connected with the intelligent converter, the
direct current frequency conversion cabinet and the energy storage device, and configured to
obtain working parameters of the intelligent converter, the direct current frequency conversion
cabinet and the energy storage device, and regulate operation of the direct current power
distribution system according to the working parameters to achieve an electric energy balance of
a power consumption side, a power grid side and an energy storage device side.

15. The system according to claim 14, wherein the system further comprises: an alternating
current power distribution cabinet respectively connected with a power grid system, the intelligent
converter and the system control cabinet,

the alternating current power distribution cabinet is configured to transmit electrical energy
of the power grid system to the direct current power distribution system, provide alternating
current power to the intelligent converter, connect with an alternating current load and provide
electrical energy to the connected alternating current load; and

the alternating current power distribution cabinet is configured to monitor power input from
the power grid system and power consumption of each branch load, and send a monitoring result
to the system control cabinet, so that the system control cabinet performs analysis according to the
monitoring result,

wherein the alternating current power distribution cabinet has an electrical energy input
isolation switch and an electrical energy output isolation switch, and internal components of the
alternating current power distribution cabinet are arranged in a hierarchical manner.

16. The system according to claim 15, wherein the system further comprises: a direct current
power distribution cabinet respectively connected with the system control cabinet, the direct
current frequency conversion cabinet and the intelligent converter,

the direct current power distribution cabinet is configured to receive electrical energy
provided by the intelligent converter, connect with a direct current power generation system and/or

a direct current load, and provide electrical energy to the direct current frequency conversion
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cabinet and/or the direct current load; and

the direct current power distribution cabinet is configured to provide a dual power supply
capability for the direct current power distribution system,

wherein the direct current power distribution cabinet is equipped with a direct current circuit
breaker and a fuse inside, and has protection functions of over-current and over-voltage.

17. The system according to claim 16, wherein the direct current power distribution cabinet
is further configured to connect to the direct current power generation system through a direct
current bus, output a first preset direct current voltage, a second preset direct current voltage and
a preset isolation safety voltage value through a DC/DC conversion mode of the intelligent
converter,

and the direct current power distribution cabinet is further configured to monitor a power
condition obtained from the direct current bus and the power consumption of each branch direct
current load, and send a monitoring result to the system control cabinet, so that the system control
cabinet performs analysis according to the monitoring result.

18. The system according to claim 14, wherein the intelligent converter is connected with a
direct current power generation system, a power grid system and an AC/DC load, and is configured
to perform power transmission.

19. The system according to any one of claims 16, 17 and 18, wherein the direct current power
generation system is a photovoltaic power generation system.

20. The system according to claim 14, wherein the direct current frequency conversion
cabinet is connected with the intelligent converter and an alternating current load, and is configured
to output a frequency conversion voltage to the connected alternating current load, and is
connected with a direct current bus and has multiple power consumption interfaces, is configured
to drive frequency conversion operation of the load when total power of the connected load is less
than or equal to a power threshold of the direct current frequency conversion cabinet.

21. The system according to claim 20, wherein the load is a motor.

22. The system according to claim 16, wherein the system control cabinet is configured to
collect operating data information of the alternating current power distribution cabinet, the
intelligent converter, the direct current power distribution cabinet, the direct current frequency
conversion cabinet and the energy storage device through a communication interface, and the
system control cabinet is configured to generate an operation strategy and issue a control
instruction according to the operation strategy to control a coordination work of the alternating
current power distribution cabinet, the intelligent converter, the direct current power distribution

cabinet, the direct current frequency conversion cabinet and the energy storage device.
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23. The system according to claim 22, wherein the energy storage device is configured to
perform charging or discharging under the control instruction.

24. The system according to claim 16, wherein the system control cabinet, the direct current
frequency conversion cabinet, the direct current power distribution cabinet and the alternating
current power distribution cabinet are all designed with aluminum-plastic cabinets.

25. A direct current power distribution device, being configured to execute a method
described in any one of claims 1 to 13, comprising:

a determining module, configured to determine working modes of a direct current power
distribution system, wherein the direct current power distribution system comprises a direct current
frequency conversion cabinet, an intelligent converter and an energy storage device and the
working modes comprise an intelligent converter priority output power mode and an intelligent
converter constant power output mode;

an obtaining module, configured to correspondingly obtain, under different working modes,
working parameters of the direct current power distribution system; and

a regulating module, configured to regulate operation of the direct current power distribution
system according to the working parameters to achieve an electric energy balance of a power
consumption side, a power generation side of a power grid and an energy storage side of the direct
current power distribution system;

wherein the obtaining module is further configured to obtain, in the intelligent converter
priority output power mode, output power of the intelligent converter and a state of charge (SoC)
value of the energy storage device; and obtain, in the intelligent converter constant power output
mode, a frequency change of the direct current frequency conversion cabinet, the output power of
the intelligent converter and the SoC value of the energy storage device;

the regulating module is further configured to control the energy storage device to discharge,
when the working mode is the intelligent converter priority output power mode, and the output
power of the intelligent converter is determined to be greater than or equal to a first preset power
value; or control the energy storage device to discharge, when the output power of the intelligent
converter is determined to be less than a second preset power value, wherein the second preset
power value is less than the first preset power value;

wherein the regulating module is further configured to control the energy storage device to
successively increase discharge output power according to a first preset power increase value until
a maximum discharge output power threshold is reached, when the SoC value is determined to be
greater than a first preset SoC value; and when the SoC value is determined to be less than a second

preset SoC value, control the energy storage device without starting a discharge function, or control
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the energy storage device to successively decrease the discharge output power according to a first
preset power decrease value until zero is reached, or stop discharging when a stop discharging
instruction input by a user is received, wherein the first preset SoC value is greater than the second
preset SoC value, and the first preset power increase value is equal to the first preset power
decrease value; and

the regulating module is further configured to control the energy storage device to charge
according to an electricity price state and the SoC value, when the energy storage device is in a
discharging stop state, and the output power of the intelligent converter is determined to be less
than or equal to a third preset power value; and

control the energy storage device to charge according to the electricity price state and the SoC
value, when the energy storage device is in a charging state and the output power of the intelligent

converter is determined to be greater than or equal to a fifth preset power value.
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