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Description
Title of Invention: SOLAR ENERGY STORAGE SYSTEM

DIVIDED INTO DAYTIME AND NIGHT MODE, AND ITS

OPERATION METHOD AND BATTERY REPLACEMENT

METHOD THEREOF

Technical Field
[1] The present invention relates to a photovoltaic energy storage system and a method

of controlling the photovoltaic generation energy storage system. More particularly,

the present invention relates to a photovoltaic energy storage system that operates

separately in a daytime operation mode and a nighttime operation mode, and relates to

a method of operating the photovoltaic energy storage system. And more particularly,

the present invention relates to a method of controlling the photovoltaic energy storage

system including the step of replacing a battery without interruption of a DC power

source.

Background Art
[2] The photovoltaic power generation system refers to a power generation system that

generates electrical energy by using one or more solar cells that employ semiconductor

devices capable of converting solar energy into electrical energy. In such a pho

tovoltaic power generation system, one or two or more solar cells are embodied as

needed, and they are connected in series or in parallel. This general form of pho

tovoltaic system is disclosed in the public as various forms.

[3] A characteristic part of the above-described the photovoltaic power generation

system as described above is as follows. Since the sunlight, which is the source of

electric energy, is supplied only during the daytime, it is impossible to generate

electrical energy at night. Also, the power output may fluctuate according to the

weather conditions during the daytime. Thus, the typical photovoltaic power

generation system organizes a separate energy storage system.

[4] A part of the electric energy to be produced during sunny hours is separately

allocated to the surplus electric power, and it is stored in the energy storage system.

The energy storage system is operated together with the photovoltaic power generation

system.

[5] The energy storage system has a tendency to increase in the proportion of relative

importance in the photovoltaic power generation system due to factors such as its

capacity increase, drop in prices, and prolonged life span, etc. Since it also contributes

to the stable power supply, its importance is continuously increasing.



[6] Typical examples of the energy storage system include a battery for storing electrical

energy, a thermal storage tank for storing thermal energy, and a hydrogen generator for

storing chemical energy, etc. The energy storage system can be configured in various

forms depending on the energy source needed by the customer.

[7] For example, Korean Patent No. 10-1469904 discloses a power control board mode

control system for solar installations with ESS. This registered patent discloses a series

of techniques for minimizing electric power charges through the optimal control of

grid-connected photovoltaic power generation facilities based on the power demand

pattern of the building, the real-time monitoring data of the solar power generation

according to the amount of sunshine, and the real-time grid power prices.

[8] Korean Patent Laid-Open Publication No. 10-2016-0028884 discloses a management

method of ESS and solar generator, and Korean Patent Laid-Open Publication No.

10-2017-0038640 discloses a power control system and a method for ESS apparatus.

[9] Korean Patent No. 10-1651772 discloses a power controlling system using energy

storage system capable of improving the efficiency of the system.

[10] Korean Patent No. 10-1766433 discloses an energy storage system including power

conversion apparatus for operating with grid-connected photovoltaic power and

charging /discharging power of battery. According to this registered patent, the energy

storage system is automatically switched to a buck mode or a boost mode with

reference to an average of current values flowing to an operation area (CCM/DCM)

and an inverter side.

[11] It is to be understood that all of the above-described Korean patent laid-open pub

lications and registered patents are entirely different from the present invention in

terms of their constituent elements and control methods.

Disclosure of Invention

Technical Problem
[12] It is an object of the present invention to provide a photovoltaic generation energy

storage system and a method of controlling the photovoltaic generation energy storage

system with a different configuration from the prior arts as mentioned above.

Solution to Problem
[13] According to one aspect of the present invention, the present invention provides a

photovoltaic energy storage system using more than one battery, the photovoltaic

energy storage system comprising:

[14] a solar cell unit including at least one solar cell;

[15] a solar battery unit for controlling a power produced by the solar cell unit and

including a DC/DC converter;

[16] a solar cell breaker being installed between the solar cell unit and a solar battery unit;



[17] a DC link unit being installed between the solar battery unit and a power system;

[18] a power conversion unit being installed between the DC link unit and the power

system and including a DC/AC bidirectional power converter;

[19] a battery unit including at least one battery and being capable of storing an electrical

energy;

[20] a battery part for controlling charging of the battery unit and being connected to the

solar battery unit and the power conversion unit by using the DC link unit as a contact

point, the battery part including a DC/DC converter;

[21] a battery breaker and a battery switch being installed between the battery part and the

battery unit;

[22] a DC load unit being connected between the battery part and a DC load, the DC load

unit including a DC/DC converter for supplying a DC power to the DC load; and

[23] a control unit for controlling operations of the solar battery unit, the battery part, the

DC link unit, the power conversion unit, and the DC load unit.

[24] According to other aspect of the present invention, the present invention provides a

method of controlling a solar photovoltaic energy storage system for supplying a

power to a DC load and for charging a battery by using the photovoltaic energy storage

system as described above, the method comprising the steps of:

[25] (Sl) checking the overall system status of the solar photovoltaic energy storage

system;

[26] (S2) confirming that the current time (t) belongs to the daytime if the control unit de

termines that the current time (t) exceeds the daytime boundary time (td) and falls

within the range below the nighttime boundary time (tn), and confirming that the

current time (t) belongs to the nighttime if the control unit determines that the current

time (t) exceeds the daytime boundary time (td) and it is outside the range, when the

overall system is normal in the step (Sl);

[27] (S31) operating the photovoltaic energy storage system as a daytime operation mode,

if it is determined that the current time (t) belongs to the daytime in the step (S2);

[28] (S32) checking the charged state of the battery unit after the step (S31);

[29] (S33) performing a battery remaining amount scenario mode (S5) if the charged state

of the battery in the battery unit is in the low voltage state or the overvoltage state in

the step (S32), and determining the operation of the solar cell unit by measuring a

voltage (PV) of electric energy produced by the solar cell unit if the charged state of

the battery in the battery unit is the normal voltage in the step (S32);

[30] performing the step (Sl) if an initial operating voltage (PVr) is greater than 150V,

which is the operation start voltage, or the current voltage (PV) is within the operating

sustain voltage range of more than 100V to less than 500V in the step (S33), and

performing an operation standby mode (S34) for stopping the power generation of the



solar cell unit when the initial operating voltage (PVr) is equal to or lower than 150V

or the current voltage (PV) is out of the operating sustain voltage range in the step

(S33), and performing the step (S2) after the step (S34);

[31] (S41) operating the photovoltaic energy storage system as a nighttime operation

mode if the current time (t) belongs to the nighttime in the step (S2);

[32] (S42) checking the charged state of the battery unit after the step (S41); and

[33] performing the battery remaining amount scenario mode (S5) when the charged state

of the battery in the battery unit is in the low voltage state or in the overvoltage state in

the step (S42), and performing the step (Sl) if the charged state of the battery in the

battery unit is in the normal voltage state in the step (S42).

[34] In the step (S31), the DC/DC converter in the solar battery unit operates in the

maximum power point tracking mode, and the DC/AC power converter in the power

conversion unit operates in the inverter mode.

[35] In the step (S41), the DC/AC power converter in the power conversion unit operates

in the converter mode, and the grid current reference value of the DC link unit

becomes a negative (-) value.

[36] In the steps (S31) and (S41), the battery unit supplies DC power to the DC load unit.

[37] The method of controlling a solar photovoltaic energy storage system further

comprises the steps of:

[38] (S321) determining whether the charged state value (soc) of the battery is verifiable

or not to confirm the charged state of the battery when the steps (S32, S42) are started;

[39] (S322) comparing the charged state value (soc) with the minimum allowable sic

value (soc_mi) and the maximum allowable sic value (soc_mx), which are inputted in

advance, if the charged state value (soc) is confirmed in the step (S321);

[40] (S324) confirming the charged state of the battery is normal if the charged state value

(soc) is equal to or greater than the minimum allowable soc value (soc_mi) and is

equal to or less than the maximum allowable soc value (soc_mx), and ending the steps

(S32, S42) after the step (S324);

[41] performing the step (S5) if the charged state value (soc) is less than the minimum

allowable soc value (soc_mi) or is greater than the maximum allowable soc value

(soc_mx) in the step (S322);

[42] (S323) comparing the voltage value (BV) of the battery with the minimum per

missible voltage value (BV_mi) and the maximum allowable voltage value (BV_mx),

if it is impossible to confirm the charged state value (soc) in the step (S321);

[43] (S324) confirming the charged state of the battery is in the normal state if the voltage

value (BV) of the battery is greater than the minimum permissible voltage value

(BV_mi) and is less than the maximum allowable voltage value (BV_mx), and then

ending the steps (S32, S42) after the step (S324); and



[44] performing the step (S5) if the voltage value (BV) of the battery is equal to or less

than the minimum allowable soc value (soc_mi) and is equal to or greater than the

maximum allowable soc value (soc_mx) in the step (S323).

[45] The method of controlling a solar photovoltaic energy storage system further

comprises the steps of:

[46] (S5 1) determining whether the battery in the battery unit is in the low voltage state or

in the overvoltage state when the battery remaining amount scenario mode (S5) is

started;

[47] (S52) warning the user about that the battery is in the low voltage state when the

batteries in the battery unit are determined to be in the low voltage state in the step

(S51);

[48] (S53) checking the low voltage state of the battery after the step (S52);

[49] (S55) reporting the fact that the battery is in the low voltage state, if the current

battery voltage value (BV) is lower than the limit permissible voltage value (BV_lim)

inputted in advance and the charge count (cn) is higher than the maximum charge

count (cmx) inputted in advance in the step (S53), and then performing the step (Sl)

after the step (S55);

[50] (S54) charging the battery if the current battery voltage value (BV) is equal to or

higher than the limit permissible voltage value (BV_lim) or if the charge count (cn) is

equal to or smaller than the maximum charge count (cmx) in the step (S53);

[51] (S56) alerting the user about that the battery is in the overvoltage state if it is de

termined that the batteries in the battery unit are in the overvoltage state in the step

(S51); and

[52] (S7) stopping the charging of the battery unit (210) after the step (S56), and then

performing the step (S51) after the step (S56).

[53] In the step (S54), the charging of the battery unit is started, and the control unit

judges whether the charging time exceeds 2 hours or not, and then the battery is

charged until the charging time (ct) exceeds 2 hours.

[54] The method of controlling a solar photovoltaic energy storage system further

comprises the steps of:

[55] performing the step (Sl) if the battery charged state value (soc) exceeds a charge

allowable soc value (soc_ps) inputted in advance or the battery voltage value (BV) is

more than the rated voltage value (RV), after charging the battery unit in the step

(S54); and

[56] performing the step (S53) by adding one to the current charge count (cn) if the

battery charged state value (soc) is less than the charge allowable soc value (soc_ps)

and the battery voltage value (BV) is less than the rated voltage value (RV), after

charging the battery unit in the step (S54).



[57] The method for replacing a battery in the battery unit in the solar photovoltaic energy

storage system comprises the steps of:

[58] (S61) setting the control unit to a battery replacement mode;

[59] (S62) changing the operation mode of the solar photovoltaic energy storage system

from the daytime operation mode into the nighttime operation mode when the pho

tovoltaic energy storage system is operated in the daytime operation mode;

[60] (S63) replacing the battery with a new battery if the step (S62) is performed or if the

nighttime operation mode is executed, by disconnecting the electromagnetic contactor

in the battery part; and

[61] releasing the battery replacement mode after ending the step (S63).

[62] The operation mode of the DC/DC converter in the battery part is changed to the

constant voltage charging mode and then it is maintained at a constant voltage before

turning off the electromagnetic contactor in the battery unit in the step (S62).

Advantageous Effects of Invention
[63] The charged state value generation energy storage system and the method of con

trolling the same according to the present invention can charge the battery constantly

and effectively regardless of daytime, nighttime and solar radiation dose, and it can

provide a uniform DC voltage to the DC load. In addition, it is possible to quickly

judge whether the battery is malfunctioning and to take measures safely.

Brief Description of Drawings
[64] FIGS. 1 to 3 show the structure of a photovoltaic energy storage system according to

the present invention;

[65] FIG. 4 is a flow chart for controlling a solar power generation storage system in a

daytime operation or in a nighttime operation by using the photovoltaic energy storage

system of the present invention;

[66] FIG. 5 is a flowchart for showing the step of checking the charged state of the battery

unit according to the present invention;

[67] FIG. 6 is a flowchart for showing the step of performing a battery remaining amount

scenario mode according to the present invention; and

[68] FIG. 7 is a flowchart illustrating a procedure for replacing a battery in the battery unit

in the solar energy storage system of the present invention.

Mode for the Invention
[69] Hereinafter, the present invention will be described in detail with reference to the

drawings.

[70] Although the present invention has been described and illustrated in detail, it is

clearly understood that the same is by way of illustration and example only and is not

to be taken by way of limitation, the spirit and scope of the present invention being



limited only by the terms of the appended claims.

[71] FIGS. 1 to 3 show the structure of a photovoltaic energy storage system according to

the present invention.

[72] Hereinafter, constitutional elements and operation of the photovoltaic energy storage

system according to the present invention will be described in detail with reference to

FIGS. 1 to 3.

[73] Prior to the description, the parts connected by the solid line in FIGS. 1 to 3 indicate

the physical circuit connection relationship in which the electrical energy is transmitted

and received. The parts connected by the dotted line in FIG. 1, indicate the connection

relationship which is communicably connected so as to exchange signals or in

formation between the constitutional elements. In FIG. 1, the solid line and the dotted

line are independent of each other without any contact point. In Figs. 2 and 3, arrows

indicated by the dotted line indicate the flow direction of electrical energy.

[74] As shown in FIG. 1, the photovoltaic energy storage system of the present invention

may be applied to a power generation system that generates electricity and electrical

energy by using a solar cell (C). The solar cell (C) may be composed of one or more

than two solar cells (C) connected in series and in parallel. In the present invention,

one or more solar cells (C) that produce electrical energy are used as the solar cell unit

(110) as described above.

[75] In order to control the power generated by the solar cell unit ( 110), a solar battery

unit (100) is connected to the solar cell unit (110). The solar battery unit (100) may

include a series of sensors and arithmetic units for controlling the operation of the solar

cell unit (110), a storage device, and one or more programs embedded in the storage

device. Since the configuration of the unit (100) is general, a detailed description

thereof will be omitted.

[76] In particular, the solar battery unit (100) includes a DC/DC converter for converting

the DC power voltage of the electrical energy produced by the solar cell unit (110).

The DC/DC converter of the solar battery unit (100) is unidirectional and converts the

DC power voltage of the electrical energy produced by the solar cell unit (110) only in

the arrow direction shown above the solar battery unit (100) of FIG. 1.

[77] A solar cell breaker (120) is installed between the solar battery unit (100) and the

solar cell unit (110).

[78] A DC link unit (300) and a power conversion unit (310) are provided between the

power system G that is a power network in which other electrical energy can be in

troduced thereto in addition to the electric energy generated by the solar battery unit

(100) and the solar cell unit (110).

[79] The DC link unit (300) determines a reference value of an amount of electric current

to be transmitted to the power system (G) with respect to electrical energy transmitted



from the solar battery unit (100).

[80] The power conversion unit (310) connected to the DC link unit (300) includes a DC/

AC bidirectional power converter for converting the AC power input from the power

system (G) into DC power or converting DC power transmitted from the DC link unit

(300) to AC power. The power conversion unit operates as an inverter when converting

DC power to AC power (inverse conversion) to transmit power to the power system G,

and it operates as a converter when conversely converting AC power supplied from the

power system G to DC power (net conversion).

[81] The photovoltaic energy storage system of the present invention comprises a battery

unit (210) including one or more batteries for storing a part of electrical energy

produced by the solar cell unit (110). One or more batteries to be included as the con

stitutional element of the battery unit (210) may be any battery that can charge

electrical energy.

[82] In order to control charging of the battery unit (210), the battery part (200) is

connected to the battery unit (210). The battery part (200) is connected to the solar

battery unit (100) and the power conversion part (310) by using the DC link part (300)

as a contact point.

[83] In the daytime operation mode, the battery part (200) transmits electrical energy

transmitted from the solar battery unit (100) to the battery unit (210) to charge the

battery unit (210). Alternatively, the battery part (200) transmits electrical energy

transmitted from the electric power system (G) to the battery unit (210) to charge the

battery unit (210). Also, the battery part (210) may discharge electrical energy in the

battery unit (210) and then can supply it other constitutional elements as needed.

[84] For this purpose, the battery part (200) may include a series of sensors and arithmetic

units for controlling the operation of the battery unit (210), a storage device, and one or

more programs embedded in the storage device. Since the configuration of the battery

part (200) is general, a detailed description thereof will be omitted.

[85] In particular, the battery part (200) includes a DC/DC converter for converting the

DC power voltage of the electrical energy. The DC/DC converter of the battery part

(200) is unidirectional and converts the DC power voltage of the electrical energy only

in the arrow direction shown above the battery part (200) of FIG. 1.

[86] A battery breaker (220) and a battery switch (230) are installed between the battery

part (200) and the battery unit (210).

[87] A solar cell breaker (120) is installed between the solar battery unit (100) and the

solar cell unit (110).

[88] A DC link unit (300) and a power conversion unit (310) are provided between the

power system G that is a power network in which other electrical energy can be in

troduced thereto in addition to the electric energy generated by the solar battery unit



(100) and the solar cell unit (110).

[89] The DC link unit (300) determines a reference value of an amount of electric current

to be transmitted to the power system (G) with respect to electrical energy transmitted

from the solar battery unit (100).

[90] A DC load unit (400) is connected between the battery part (200) and the DC load

unit so as to supply DC power to the DC load (D) without converting the DC power

produced by the solar cell unit (110) into the AC power.

[91] The DC load unit (400) includes a one-way DC/DC converter (not shown) for

converting the DC power supply voltage to provide the DC load (D) with the DC

power supplied from the battery unit (200) or the battery unit (210).

[92] The photovoltaic energy storage system of the present invention includes a control

unit (500) for controlling operations of the solar battery unit (100), the battery part

(200), the DC link unit (300), the power conversion unit (310), and the DC load unit

(400).

[93] The control unit (500) may include at least one computing device and a storage

device, and at least one program installed in the storage device, for controlling the con

stitutional elements.

[94] The control unit (500) may directly control operations of the solar cell unit (110), the

battery unit (210), the circuit breakers (120, 220), and the switch 230, in addition to the

constitutional elements. Alternatively, the operations of the solar cell unit (110) and the

solar cell breaker (120) may be controlled by the solar battery unit (100), and the op

erations of the battery unit (210), the battery breaker (220) and the battery switch (230)

may be controlled by the battery part (200).

[95] As described above, during the day when the solar cell unit (110) generates electric

power, electrical energy flows as indicated by the dotted arrow in Fig. 2.

[96] As shown in FIG. 2, the electrical energy produced by the solar cell unit (110) is

converted into an AC power through the solar battery unit (100) and the power

conversion unit (310), and then it may be transmitted to the power system (G). Alter

natively, the electrical energy may be transmitted to the battery unit (210) via the

battery part (200) so as to charge the battery in the battery unit (210). Alternatively, the

electrical energy may be transmitted to the DC load (D) through the DC load part

(400).

[97] When the solar cell unit (110) does not supply electrical energy due to nighttime or

weather conditions or other problems, the AC power supplied from the power system

(G) is converted into the DC power and then it may be provided to the battery unit

(210) or the DC load (D) as shown by the dotted arrow in Fig. 3.

[98] The flow direction of the electrical energy shown in FIG. 2 and FIG. 3 corresponds

to a general case, and in some cases, the battery in the battery unit (210) must be



replaced or repaired in a state in which electrical energy cannot be supplied due to

failure or breakage thereof. The operation procedure for this special situation will be

described later.

[99] FIG. 4 is a flow chart for controlling a solar power generation storage system in a

daytime operation or in a nighttime operation by using the photovoltaic energy storage

system of the present invention.

[100] Hereinafter, the operation of the photovoltaic energy storage system of the present

invention will be described with reference to FIGS. 1 and 4.

[101] When the photovoltaic generation system including the photovoltaic energy storage

system of the present invention starts to operate, the control unit (500) checks the

overall system state of the photovoltaic energy storage system (= step (Sl)).

[102] In the step (Sl), if the normal operation cannot be performed due to failure or

damage of any one of the constitutional elements, or if there is a risk of a safety

accident during operation, the control unit (500) immediately terminates the operation

of all the systems by performing the emergency termination step (Sl 1).

[103] If it is determined that the entire system can be normally operated without failure in

the step (Sl), the control unit (500) determines whether the photovoltaic energy

storage system is in a daytime operation mode or in a nighttime operation mode (=step

(S2)).

[104] In the step (S2), the control unit (500) judges the day or night based on the current

time (t). If the current time (t) exceeds the daytime boundary time (td) and is less than

the nighttime boundary time (tn), the control unit determines that it is daytime, and if

the current time (t) is outside the above range, the control unit determines that it is

nighttime.

[105] For example, if the daytime boundary time (td) is 6 AM (td = 6) and the nighttime

boundary time (tn) is set at 6 PM (tn = 18), the control unit determines that the current

time (t) is a daytime when the current time (t) is in a range of more than 6 and less than

18. If it is out of the range, the control unit judges that it is nighttime.

[106] If the current time (t) is determined to be the daytime in the step (S2), the solar cell

unit ( 110) can generate electric power, so that the control unit (500) makes the solar

energy storage system of the present invention operate in the daytime operation mode

(=step (S31)).

[107] In the step (S31), in order to comply with the amount of electrical energy generated

by the solar cell unit (110), the DC/DC converter in the solar battery unit (100)

operates in a maximum power point tracking (MPPT) mode.

[108] Accordingly, the DC link unit (300) maintains a preset constant voltage, and when

the voltage exceeds the predetermined voltage, the DC link unit (300) determines a

reference value of the amount of electric current to be transmitted to the power system



(G) by a magnitude corresponding thereto.

[109] In order to transmit power to the power system (G), the DC/AC power converter in

the power converter (310) operates in an inverter mode.

[110] For example, the predetermined constant voltage may be set to 350 Vdc for a single

phase AC 220V and 620 Vdc for a three-phase AC 380V.

[11 1] After the step (S31), the control unit (500) checks the charged state of the battery unit

(210) through the battery part (200)(= S32).

[112] In the step (S32), the next step is determined according to the charged state of the

battery in the battery unit (2l0)(= S32). When the charged state of the battery is in the

low voltage or the overvoltage state, the battery remaining amount scenario mode (S5)

is performed. Alternatively, if the charged state of the battery is a normal voltage, the

control unit determines the operation mode of the solar cell unit (110) (= step (S33)).

[113] Detailed configuration and steps of the battery remaining amount scenario mode (S5)

that can be performed after the step (S32) and the step (S32) will be described later

with reference to separate drawings.

[114] In the step (S32), if the charged state of the battery is a normal voltage, the control

unit determines the operation mode of the solar cell unit (110) (=step (S33)). In the

step (S33), the voltage PV of the electrical energy generated by the solar cell unit (110)

is measured, and the control unit determines the next operation mode based on the

measured voltage.

[115] As the factor for determining whether to perform the next step in the step (S33), the

initial operating voltage (PVr) at which the solar cell unit ( 110) starts to generate

electricity or the current voltage (PV) of the electrical energy currently produced and

generated is used.

[116] In the step (S33), if the initial operating voltage (PVr) is greater than 150V, which is

the operation start voltage, or the current voltage (PV) is within the operating sustain

voltage range of more than 100V to less than 500V, the control unit confirms that the

power generation of the solar cell unit ( 110) is normally performed. Therefore, unless

the operation termination command is issued in the system of the present invention, the

operation of the present invention is maintained by going back to the step (Sl).

[117] In the step (S33), if the initial operating voltage (PVr) is equal to or lower than 150V

or the current voltage (PV) is out of the range and is measured to be 100 V or less or

500 V or more, the power generation of the solar cell unit (110) is stopped (=step

(S34)).

[118] When the step (S34) is performed, the power generation of the solar cell unit (110) is

stopped. Nevertheless, since the DC load (D) must be continuously supplied with DC

power, it is preferable to receive power from the power system (G) or the charged

battery unit (210).



[119] After performing the step (S34), the step (S2) is performed again.

[120] The daytime operation may be performed by repeating the above steps.

[121] If the current time (t) is determined to be at night in the step (S2), the control unit

(500) operates the solar power generation energy storage system of the present

invention in a night operation mode (= step (S41)).

[122] If the DC link unit (300) maintains the predetermined voltage when the immediately

preceding step operates in the daytime operation mode during the step (S41), the

control unit switches the operation mode of the solar power generation energy storage

system to the night operation mode through the step (S41) and the battery part (200)

slowly increases the battery charge current value. The DC link unit (300) changes the

grid current reference value to a negative value and the control unit controls the DC/

AC power converter of the power converter unit (310) to operate in the converter mode

so as to receive power from the power system (G).

[123] In the daytime operation mode or the nighttime operation mode, the battery unit body

(210) can stably supply power to the DC load unit (400) and the DC load (D).

[124] In the step (S41), when the photovoltaic energy storage system operates its original

operation mode as a night operation mode, the battery part (200) provides the DC link

unit(300) with a constant voltage, for example, 350Vdc when the DC link unit(300) is

single-phase 220Vac, and 620Vdc when it is three-phase 380V, through the battery

unit (210) as a result of the battery discharge.

[125] As described above, in the step (S41), while the operation mode of the photovoltaic

energy storage system is switched into the night operation mode, the battery part (200)

slowly increases the battery charge current value in order to receive power for charging

the battery through the power system (G). The DC link unit (300) converts the grid

current reference value to a negative value. The DC/AC power converter of the power

conversion unit (310) operates in a converter mode.

[126] The steps of providing stably supplying DC power of 48V to the DC load (D)

through the DC load unit (400), providing electric power in the power system (G) by

operating the DC/AC power converter of the power converter unit (310) in the

converter mode, and maintaining the voltage of the power supplied to the DC load (D)

may be further performed.

[127] When electric power is supplied from the power system (G) as described above, the

battery part (200) changes the current direction of its DC/DC converter to charge the

battery of the battery unit (210) in a constant current mode or a constant voltage mode.

[128] After the step (S41), the battery charged state of the battery unit (210) is checked

(=step (S42)). In the step (S42), the battery remaining amount scenario mode (S5) is

performed when the battery unit (210) is in a low voltage or an overvoltage state, as in

the step (S32).



[129] In the step (S42), the control unit confirms that the power generation of the battery

unit (210) is maintained at a normal voltage. Therefore, unless the operation ter

mination command is issued in the system of the present invention, the operation of the

present invention is maintained by going back to the step (Sl).

[130] The nighttime operation may be performed by repeating the above steps.

[131] FIG. 5 is a flowchart for showing the steps (S32, S42) of checking the charged state

of the battery unit according to the present invention.

[132] Hereinafter, a specific operation procedure of the steps (S32, S42) will be described

with reference to FIG. 5.

[133] As described above, the steps (S32, S42) are the step for determining whether to

perform the battery remaining amount scenario mode (S5) by checking the charged

state of the battery unit (210) and for determining whether to perform the next step in

accordance with the daytime or nighttime operation. To this end, the steps (S32 and

S42) first check the charged state of the battery unit (210) (= step (S321)).

[134] The step (S321) includes the step of determining whether the charged state value

(soc) of the battery is verifiable or not. The charged state value (soc) of the battery is a

value indicating the degree of charging of the battery unit (210), and it may be

expressed as a percentage. If the charged state value (soc) of the battery is 100%, it

means that the battery unit (210) is completely charged, and if it is 0%, it means that

the battery is not fully charged.

[135] If a separate battery management system (BMS) is additionally installed in the

battery unit (210) or the battery part (200) to easily check the charged state value (soc)

of the battery, in the step (S321), the charged state value (soc) of the battery is checked

to deter m e whether the battery unit (210) is in a low voltage, a normal voltage, or an

overvoltage (= step (S322)).

[136] In the step (S322), the control unit (500) or the battery part (200) may be provided

with a minimum allowable soc value (soc_mi) and a maximum permissible allowable

value (soc_mi) in order to determine whether the charged state value (soc) of the

battery is in a normal voltage range or not.

[137] Generally, the minimum allowable soc value (soc_mi) is inputted as 10%, and the

maximum allowable soc value (soc_mx) is inputted as 90%. The minimum allowable

soc value (soc_mi) and the maximum allowable soc value (soc_mx) are set in con

sideration of the lifetime of the batteries in the battery unit (210).

[138] If the charged state value (soc) of the battery falls within the range of the minimum

allowable soc value (soc_mi) to the maximum allowable soc value (soc_mx) in the

step (S322), it belongs to the category of normal voltage. Then, after confirming that

the battery in the battery unit (210) is operating at a normal voltage (= step (S324)), the

control unit controls the operation of the solar power generation storage system as



shown in FIG. 4.

[139] In the step (S322), if the charged state value of battery (soc) is less than the minimum

allowable soc value (soc_mi), it is determined to be in a low voltage state. If the

charged state of battery (soc) is greater than the maximum allowable soc value

(soc_mx), it is determined to be in an overvoltage state. Then, the battery remaining

amount scenario mode (S5) is performed.

[140] In the step (S321), if the charged state of battery (soc) cannot be confirmed because

the battery management system is not installed separately in the battery unit (210) or

the battery part (200), the voltage of the battery is checked on the basis of the battery

voltage value BV in the battery unit (210) (= step (S323)). The battery voltage value

(BV) is expressed as a percentage, and it is preferable that the battery voltage value

(BV) is expressed as 100% at the rated voltage.

[141] In the step (S323), the control unit (500) or the battery part (200) may be provided

with a minimum allowable voltage value (BV_mi) and a maximum allowable voltage

value (BV_mx), which are inputted in advance, in order to determine whether the

battery voltage value (BV) is in the normal voltage range or not.

[142] Generally, when the battery voltage value (BV) is taken as 100% based on the rated

voltage 12V, the minimum allowable voltage value (BV_mi) may be inputted at 85%

and the maximum allowable voltage value (BV_mx) may be inputted at 120%. The

minimum allowable voltage value (BV_mi) and the maximum allowable voltage

values (BV_mx) may be adjusted in consideration of the lifetime of the batteries in the

battery unit (210) or the rated voltage value.

[143] In the step (S323), if the battery voltage value (BV) falls within the range of more

than the minimum allowable voltage value (BV_mi) to less than the maximum

allowable voltage value (BV_mx), it belongs to the category of normal voltage. Then,

after confirming that the battery in the battery unit (210) is operating at a normal

voltage (= step (S324)), the control unit controls the operation of the solar power

generation storage system as shown in FIG. 4.

[144] In the step (S322), if the battery voltage value (BV) is equal to or is less than the

minimum allowable voltage value (BV_mi), it is determined to be in a low voltage

state. If the battery voltage value (BV) is equal to or is greater than the maximum

allowable voltage value (BV_mx), it is determined to be in an overvoltage state. Then,

the battery remaining amount scenario mode (S5) is performed.

[145] The steps (S32, S42) are performed in the same order as described above.

[146] FIG. 6 is a flowchart for showing the step of performing a battery remaining amount

scenario mode (S5) according to the present invention.

[147] Hereinafter, the concrete procedure of the battery remaining amount scenario mode

(S5) will be described with reference to FIG. 6.



[148] As described above, the battery remaining amount scenario mode (S5) is performed

when the battery in the battery unit (210) is in a low voltage or an overvoltage state, as

in the step (S32, S42).

[149] When the battery remaining amount scenario mode (S5) is started, it is first de

termined whether the battery in the battery unit (210) is in a low voltage or an

overvoltage. Therefore, the step of determining whether the battery in the battery unit

is in a low voltage or an overvoltage is performed (=step (S51)).

[150] The charged state value of battery (soc), and the minimum and maximum allowable

soc values (soc_mi, soc_mx) related thereto, or the battery voltage value (BV) and the

allowable battery voltage values (BV_mi, BV_mx) related to the battery voltage value

(BV) may be used as an element for determining whether the battery in the battery unit

(210) is in a low voltage or an overvoltage in the above step.

[151] In the step (S51), if the charged state value of battery (soc) is less than the minimum

allowable soc value (soc_mi) or the battery voltage (BV) is less than the minimum

allowable battery voltage value (BV_mi), the batteries in the unit (210) are in a low-

voltage state. Then, the control unit (500) warns the low-voltage state of the battery to

the user through a display or the ike (= step (S52)).

[152] The execution of the step (S52) means that the charged amount of the battery is

almost not remaining. Then, it is preferred that the control unit (500) draws power

from the power system G and provides it to the DC load (400) at a stable constant

voltage of DC48V.

[153] The situation in which the battery is not properly charged in the battery unit (210)

occurs when the solar cell unit (110) has a problem in producing electrical energy due

to weather deterioration in the daytime. Under this situation, it is preferred that the

control unit (500) forcibly draws power from the power system (G).

[154] Therefore, it is preferable that the step (S52) includes a separate procedure for

supplying power to the DC load unit (400) by receiving power from the power system

(G).

[155] Also, in the step (S52), the charge count (cn), which is a counter that rises one by

one, is initialized to a default value (%d). The default value (%d) can be changed and

set as needed by the administrator, but it is preferable to set the default value to 0 or 1

easily.

[156] After performing the step (S52), the control unit (500) determines whether the battery

is in a low voltage state or not (= step (S53)).

[157] In the step (S53), the control unit (500) determines whether the batteries in the

battery unit (210) go wrong or not by using the limit permissible voltage value

(BV_lim) and the maximum charge count (cmx) inputted in advance in the control unit

(500) or the battery part (200).



[158] More specifically, the limit allowable voltage value (BV_lim) is set to determine

whether the batteries are faulty or not, and it is set to a value lower than the minimum

allowable voltage value (BV_mi). For example, if the minimum allowable voltage

value (BV_mi) is set to 85%, the limit allowable voltage value (BV_lim) may be set to

about 80%.

[159] The maximum charge count (cmx) is a counter that rises one by one as the next step

proceeds, and is set to be larger than the default value (%d) of the charge count (cn),

[160] In the step (S53), if the currently measured battery voltage value (BV) is lower than

the limit allowable voltage value (BV_lim) and the charge count (cn) which is raised at

the time of charging the battery at the next step is less than the maximum charge count

(cmx), the control unit (500) checks a functional problem such as failure, breakage, or

shortened life of the battery occurs.

[161] Then, after the step (S55) of reporting that the battery is in a low voltage error state,

the operation of the present invention is maintained by going back to the operation

state of the photovoltaic energy storage system as a daytime operation or a nighttime

operation as shown in FIG. 4. Then, the control unit (500) immediately terminates the

operation of all the systems by performing the emergency termination step (Sl 1) based

on the detected battery errors.

[162] However, since the charge count (cn) does not exist or is set to zero(0) or 1, it is

lower than the maximum charge count (cmx) when the system goes into the step (S53)

for the first time. The step (S54) of charging the battery is performed first without

going directly to the step (S55).

[163] The batteries in the battery unit (210) can be charged by adding the used current of

the DC load (D) to the reference charging current value so that they may be charged

taking into consideration the power used by the DC load (D).

[164] It is preferable to supply power to the batteries in the battery unit (210) through the

power system (G).

[165] This is because, as described in the step (S52), a state in which the battery is in a low

voltage is a problem that the power generation of the solar cell unit ( 110) is not stably

performed due to reasons such as weather.

[166] In the step (S54), the control unit (500) performs charging of all of the batteries in

the battery unit (210), and determines whether the battery is fully charged or not based

on the charging time (ct), the rated voltage value (RV), and the charge allowable soc

value (soc_ps).

[167] The rated voltage value (RV) is a rated voltage value of the batteries in the battery

unit (210) that is inputted to the control unit (500) or the battery part (200) in advance.

For example, when the battery is constituted by one 12V battery, the rated voltage

value (RV) will be 12V. When eight 12V batteries are connected in series, the rated



voltage value RV will be 96V.

[168] The charging allowable soc value (soc_ps) is also a value that is inputted to the

control unit (500) or the battery part (200) in advance and it is generally larger than the

minimum allowable soc value (soc_mi) and smaller than the maximum allowable soc

value (soc_mx). For example, through repeated experiments, the inventors of the

present invention have found that the charge allowable soc value (soc_ps) should be

set to about 60%.

[169] In the state set as described above, it is preferable that the charging of the battery in

the step (S54) is performed for at least 2 hours. Accordingly, the control unit de

termines whether the charging time (ct), which is to be measured from the start of

charging, is 2 hours or more. The charging of the batteries is repeated until the

charging time (ct) exceeds 2 hours. If the charging time (ct) exceeds 2 hours, the

control unit (500) measures the degree of charging to date based on the battery charged

state value (soc) or the battery voltage value (BV).

[170] After charging for at least 2 hours as described above, if the battery charged state

value (soc) exceeds the charge allowable soc value (soc_ps) inputted in advance or the

battery voltage value (BV) exceeds the rated voltage value (RV), it means that all the

batteries in the battery unit (210) are sufficiently charged. Then, the operation of the

present invention is maintained by going back to the operation state of the photovoltaic

energy storage system as a daytime operation or a nighttime operation as described

above.

[171] Alternatively, after charging for at least 2 hours as described above, if the battery

charged state value (soc) is equal to or is less than the charge allowable soc value

(soc_ps) inputted in advance or the battery voltage value (BV) is equal to or is less

than the rated voltage value (RV), it means that all the batteries in the battery unit

(210) do not sufficiently charged. Then, one is added to the charge count (cn) and the

step (S53) is performed again.

[172] The charging of the battery in the battery unit (210) is repeatedly performed in the

same manner as described above. However, as described above, if the battery is not

sufficiently charged despite the repetition of the charging step (S54) for a prede

termined number of times or more, as described above, this is a problem in the battery,

so that in the step (S53), and can terminate the process in the step (S53), the control

unit senses this fact and reports the user of the error (= step (S55)), and terminates the

charging of the battery.

[173] The corresponding procedure when the battery is in the low voltage state may be

performed in the above-described procedure.

[174] In the step (S51), if the battery charged state value (soc) exceeds the maximum

allowable soc value (soc_mx) or the battery voltage value (BV) is equal to or greater



than the maximum allowable voltage value (BV_mx) in the step S51, the control unit

(500) confirms the fact that the batteries in the unit (210) are overcharged.

[175] The control unit (500) alerts the overvoltage state of the battery to the manager (=

step (S56)), and causes the battery part (200) to block the charging of the batteries in

the battery unit (210) (= Step (S57)).

[176] If the step (S57) is performed, charging of the battery unit (210) is stopped.

However, the batteries in the battery unit (210) must continuously supply a constant

voltage to the DC load unit (400). As a result, the charged amount of the battery can be

reduced naturally and continuously.

[177] After the step (S57), the control unit (500) checks whether the battery voltage is in a

normal state. If the battery voltage is determined to be a normal voltage, the operation

of the present invention is maintained by going back to the operation state of the pho

tovoltaic energy storage system as a daytime operation or a nighttime operation as

described above.

[178] FIG. 7 is a flowchart illustrating a procedure for replacing a battery in the battery unit

(210) in the solar energy storage system of the present invention. Hereinafter, the

battery replacement procedure will be described with reference to FIG. 7.

[179] As described with reference to FIG. 6, the photovoltaic generation energy storage

system of the present invention can detect a situation where the battery in the battery

unit (210) does not operate normally due to the end of its life, failure, or breakage.

[180] If such a problem as described above occurs, the manager must replace the battery in

the battery unit (210). Even in the battery replacement situation, the manager must

continuously supply a constant voltage to the DC load unit (400) in order not to

interrupt the power supply to the DC load (D).

[181] For this purpose, when the administrator selects the battery replacement mode

through the control unit (500), the control unit (500) performs the step (S61) of setting

the control unit to a battery replacement mode.

[182] In the step (S61), the control unit (500) determines whether the photovoltaic energy

storage system of the present invention is operated in a daytime operation mode or a

nighttime operation mode. If the photovoltaic energy storage system according to the

present invention is currently operated in the daytime operation mode in the step (S61),

the control unit (500) changes the current operation of the photovoltaic energy storage

system to the nighttime operation mode regardless of the time (= step (S62)).

[183] The reason for doing the above is as follows. When the photovoltaic energy storage

system according to the present invention operates in the daytime operation mode and

receives the electrical energy produced by the solar cell unit (110), the electrical

energy may vary depending on the irradiation dose. If there is a situation in which the

DC load unit (400) is not sufficiently supplied with the constant voltage required by



the DC load unit (400), a malfunction may occur in supplying electricity to the DC

load under circumstances where the battery unit (210) cannot supply additional

electricity.

[184] Therefore, it is preferable that the operation mode of the photovoltaic energy storage

system is changed to the night operation mode, and power is supplied from the system

power source (G) to the DC load unit (400) in a stable manner.

[185] If the step (S62) is performed or if the current night mode is being executed, a battery

replacement step (S63) is performed.

[186] In the step (S63), the DC/DC converter in the battery part (200) changes to the

constant voltage charging mode and maintains the constant voltage when the constant

current charging is proceeding. For example, after setting the voltage of the DC/DC

converter to the voltage of the battery to be replaced, the electromagnetic contactor in

the battery part (200) is disconnected to remove the battery and replace it with a new

battery.

[187] The reason for changing into the constant voltage charging mode as described above

is to allow the DC/DC converter of the DC load unit (400) to continuously supply a

constant voltage to the DC load using the voltage.

[188] The reason for matching the voltage of the DC/DC converter to a constant voltage, in

particular, the voltage of the battery to be replaced is that a large current may be

generated between the battery unit (210) and the battery part (200) according to the

voltage difference when the battery voltage is different from the predetermined

voltage. This is because a large current may be generated between the converters.

[189] When the battery replacement is completed through the step (S63), the manager

inputs the completion of the battery replacement through the control unit (500). Then,

the operation of the present invention is maintained by going back to the operation

state of the photovoltaic energy storage system as a daytime operation or a nighttime

operation as described above.

Industrial Applicability
[190] All patents and publications mentioned in this specification are indicative of the

levels of those skilled in the art to which the invention pertains. All patents and pub

lications are herein incorporated by reference to the same extent as if each individual

publication was specifically and individually indicated to be incorporated by reference.

It is to be understood that while a certain form of the invention is illustrated, it is not

intended to be limited to the specific form or arrangement herein described and shown.

It will be apparent to those skilled in the art that various changes may be made without

departing from the scope of the invention and the invention is not to be considered

limited to what is shown and described in the specification. One skilled in the art will



readily appreciate that the present invention is well adapted to carry out the objectives

and obtain the ends and advantages mentioned, as well as those inherent therein. The

systems, methods, and devices described herein are presently representative of the

preferred embodiments, are intended to be exemplary and are not intended as lim

itations on the scope. Changes therein and other uses will occur to those skilled in the

art which are encompassed within the spirit of the invention. Although the invention

has been described in connection with specific, preferred embodiments, it should be

understood that the invention as ultimately claimed should not be unduly limited to

such specific embodiments.



Claims
[Claim 1] A photovoltaic energy storage system using more than one battery, the

photovoltaic energy storage system comprising:

a solar cell unit including at least one solar cell;

a solar battery unit for controlling a power produced by the solar cell

unit and including a DC/DC converter;

a solar cell breaker being installed between the solar cell unit and a

solar battery unit;

a DC link unit being installed between the solar battery unit and a

power system;

a power conversion unit being installed between the DC link unit and

the power system and including a DC/AC bidirectional power

converter;

a battery unit including at least one battery and being capable of storing

an electrical energy;

a battery part for controlling charging of the battery unit and being

connected to the solar battery unit and the power conversion unit by

using the DC link unit as a contact point, the battery part including a

DC/DC converter;

a battery breaker and a battery switch being installed between the

battery part and the battery unit;

a DC load unit being connected between the battery part and a DC load,

the DC load unit including a DC/DC converter for supplying a DC

power to the DC load; and

a control unit for controlling operations of the solar battery unit, the

battery part, the DC link unit, the power conversion unit, and the DC

load unit.

[Claim 2] A method of controlling a solar photovoltaic energy storage system for

supplying a power to a DC load and for charging a battery by using the

photovoltaic energy storage system as claimed in claim 1, the method

comprising the steps of:

(51) checking the overall system status of the solar photovoltaic energy

storage system;

(52) confirming that the current time (t) belongs to the daytime if the

control unit determines that the current time (t) exceeds the daytime

boundary time (td) and falls within the range below the nighttime

boundary time (tn), and confirming that the current time (t) belongs to



the nighttime if the control unit determines that the current time (t)

exceeds the daytime boundary time (td) and it is outside the range,

when the overall system is normal in the step (Sl);

(531) operating the photovoltaic energy storage system as a daytime

operation mode, if it is determined that the current time (t) belongs to

the daytime in the step (S2);

(532) checking the charged state of the battery unit after the step (S31);

(533) performing a battery remaining amount scenario mode (S5) if the

charged state of the battery in the battery unit is in the low voltage state

or the overvoltage state in the step (S32), and determining the operation

of the solar cell unit by measuring a voltage (PV) of electric energy

produced by the solar cell unit if the charged state of the battery in the

battery unit is the normal voltage in the step (S32);

performing the step (Sl) if an initial operating voltage (PVr) is greater

than 150V, which is the operation start voltage, or the current voltage

(PV) is within the operating sustain voltage range of more than 100V to

less than 500V in the step (S33), and performing an operation standby

mode (S34) for stopping the power generation of the solar cell unit

when the initial operating voltage (PVr) is equal to or lower than 150V

or the current voltage (PV) is out of the operating sustain voltage range

in the step (S33), and performing the step (S2) after the step (S34);

(541) operating the photovoltaic energy storage system as a nighttime

operation mode if the current time (t) belongs to the nighttime in the

step (S2);

(542) checking the charged state of the battery unit after the step (S41);

and

performing the battery remaining amount scenario mode (S5) when the

charged state of the battery in the battery unit is in the low voltage state

or in the overvoltage state in the step (S42), and performing the step

(Sl) if the charged state of the battery in the battery unit is in the

normal voltage state in the step (S42).

[Claim 3] The method of controlling a solar photovoltaic energy storage system,

as claimed in claim 2, wherein in the step (S31), the DC/DC converter

in the solar battery unit operates in the maximum power point tracking

mode, and the DC/AC power converter in the power conversion unit

operates in the inverter mode.

[Claim 4] The method of controlling a solar photovoltaic energy storage system,

as claimed in claim 2, wherein in the step (S41), the DC/AC power



converter in the power conversion unit operates in the converter mode,

and the grid current reference value of the DC link unit becomes a

negative (-) value.

[Claim 5] The method of controlling a solar photovoltaic energy storage system,

as claimed in claim 2, wherein in the steps (S31) and (S41), the battery

unit supplies DC power to the DC load unit.

[Claim 6] The method of controlling a solar photovoltaic energy storage system,

as claimed in claim 2, wherein the method further comprises the steps

of:

(S321) determining whether the charged state value (soc) of the battery

is verifiable or not to confirm the charged state of the battery when the

steps (S32, S42) are started;

(S322) comparing the charged state value (soc) with the minimum

allowable sic value (soc_mi) and the maximum allowable sic value

(soc_mx), which are inputted in advance, if the charged state value

(soc) is confirmed in the step (S321);

(S324) confirming the charged state of the battery is normal if the

charged state value (soc) is equal to or greater than the minimum

allowable soc value (soc_mi) and is equal to or less than the maximum

allowable soc value (soc_mx), and ending the steps (S32, S42) after the

step (S324);

performing the step (S5) if the charged state value (soc) is less than the

minimum allowable soc value (soc_mi) or is greater than the maximum

allowable soc value (soc_mx) in the step (S322);

(S323) comparing the voltage value (BV) of the battery with the

minimum permissible voltage value (BV_mi) and the maximum

allowable voltage value (BV_mx), if it is impossible to confirm the

charged state value (soc) in the step (S321);

(S324) confirming the charged state of the battery is in the normal state

if the voltage value (BV) of the battery is greater than the minimum

permissible voltage value (BV_mi) and is less than the maximum

allowable voltage value (BV_mx), and then ending the steps (S32, S42)

after the step (S324); and

performing the step (S5) if the voltage value (BV) of the battery is

equal to or less than the minimum allowable soc value (soc_mi) and is

equal to or greater than the maximum allowable soc value (soc_mx) in

the step (S323).

[Claim 7] The method of controlling a solar photovoltaic energy storage system,



as claimed in claim 2, wherein the method further comprises the steps

of:

(551) determining whether the battery in the battery unit is in the low

voltage state or in the overvoltage state when the battery remaining

amount scenario mode (S5) is started;

(552) warning the user about that the battery is in the low voltage state

when the batteries in the battery unit are determined to be in the low

voltage state in the step (S51);

(553) checking the low voltage state of the battery after the step (S52);

(555) reporting the fact that the battery is in the low voltage state, if the

current battery voltage value (BV) is lower than the limit permissible

voltage value (BV_lim) inputted in advance and the charge count (cn)

is higher than the maximum charge count (cmx) inputted in advance in

the step (S53), and then performing the step (Sl) after the step (S55);

(554) charging the battery if the current battery voltage value (BV) is

equal to or higher than the limit permissible voltage value (BV_lim) or

if the charge count (cn) is equal to or smaller than the maximum charge

count (cmx) in the step (S53);

(556) alerting the user about that the battery is in the overvoltage state

if it is determined that the batteries in the battery unit are in the

overvoltage state in the step (S51); and

(S7) stopping the charging of the battery unit (210) after the step (S56),

and then performing the step (S51) after the step (S56).

[Claim 8] The method of controlling a solar photovoltaic energy storage system,

as claimed in claim 7, wherein in the step (S54), the charging of the

battery unit is started, and the control unit judges whether the charging

time exceeds 2 hours or not, and then the battery is charged until the

charging time (ct) exceeds 2 hours.

[Claim 9] The method of controlling a solar photovoltaic energy storage system,

as claimed in claim 7, wherein the method further comprises the steps

of:

performing the step (Sl) if the battery charged state value (soc) exceeds

a charge allowable soc value (soc_ps) inputted in advance or the battery

voltage value (BV) is more than the rated voltage value (RV), after

charging the battery unit in the step (S54); and

performing the step (S53) by adding one to the current charge count

(cn) if the battery charged state value (soc) is less than the charge

allowable soc value (soc_ps) and the battery voltage value (BV) is less



than the rated voltage value (RV), after charging the battery unit in the

step (S54).

[Claim 10] A method for replacing a battery in the battery unit in the solar pho

tovoltaic energy storage system as claimed in claim 1, the method

comprising the steps of:

(561) setting the control unit to a battery replacement mode;

(562) changing the operation mode of the solar photovoltaic energy

storage system from the daytime operation mode into the nighttime

operation mode when the photovoltaic energy storage system is

operated in the daytime operation mode;

(563) replacing the battery with a new battery if the step (S62) is

performed or if the nighttime operation mode is executed, by dis

connecting the electromagnetic contactor in the battery part; and

releasing the battery replacement mode after ending the step (S63).

[Claim 11] The method for replacing a battery in a battery unit in a solar pho

tovoltaic energy storage system as claimed in claim 10, wherein the

operation mode of the DC/DC converter in the battery part is changed

to the constant voltage charging mode and then it is maintained at a

constant voltage before turning off the electromagnetic contactor in the

battery unit in the step (S62).
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