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PHOTOVOLTAIC ENERGY STORAGE ELECTRIC SYSTEM, AND 

THREE-PHASE LOAD POWER CONTROL METHOD, APPARATUS 

AND DEVICE THEREFOR 

 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] The present disclosure is based on and claims priority of 

Chinese application for invention CN202111434967.7, filed on Nov. 

29, 2021, the disclosure of which is hereby incorporated into this 

disclosure by reference in its entirety. 

 

TECHNICAL FIELD 

[0002] This disclosure relates to the field of electric power 

control, in particular to a photovoltaic energy storage electric 

system, and three-phase load power control method, apparatus and 

device therefor. 

 

BACKGROUND  

[0003] The commonly used alternating current (AC) power 

transmission lines in the related technologies consist of a three-

phase four-wire system comprising three phases A, B, C, and a 

neutral wire N. Taking the household power supply as an example, 

the working voltage is 220V AC, which is a voltage between a 

certain phase of the three phases and the neutral line. 
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SUMMARY  

[0004] According to an aspect of the present disclosure, there is 

provided a three-phase power control method for load(s) in a 

photovoltaic energy storage and power system, the method 

comprising: 

[0005] obtaining a drawing or feeding power of a grid, an charging 

or discharging power of energy storage, and a photovoltaic 

generation power; 

[0006] determining a generation power of an electric power system 

based on the drawing or feeding power of the grid, the charging or 

discharging power of the energy storage, and the photovoltaic 

generation power; and 

[0007] distributing the generation power of the electric power 

system evenly to load(s) of each phase to achieve three-phase 

dynamic balancing. 

[0008] In some embodiments of the present disclosure, the 

obtaining the drawing or feeding power of the grid, the charging 

or discharging power of the energy storage, and the photovoltaic 

generation power comprises: 

[0009] obtaining the drawing or feeding power of the grid, the 

charging or discharging power of the energy storage, and the 

photovoltaic generation power by energy routers provided at a grid 

side, an energy storage device side and a photovoltaic device side 

of the photovoltaic energy storage and power system. 
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[0010] In some embodiments of the present disclosure, the 

distributing the generation power of the electric power system 

evenly to the load(s) of the each phase to achieve the three-phase 

dynamic balancing comprises: 

[0011] obtaining a consumption power of the load(s) of the each 

phase at an alternating current consumption power end by an energy 

router provided for the load(s) of the each phase at the 

alternating current consumption power end of the photovoltaic 

energy storage and power system; and 

[0012] distributing the consumption power of the load(s) of the 

each phase at the alternating current consumption power end of the 

photovoltaic energy storage and power system according to the 

generation power of the electric power system by the energy router 

provided for the load(s) of the each phase at the alternating 

current consumption power end. 

[0013] In some embodiments of the present disclosure, the 

distributing the consumption power of the load(s) of the each phase 

at the alternating current consumption power end of the 

photovoltaic energy storage and power system according to the 

generation power of the electric power system comprises: 

[0014] equalizing consumption powers of load(s) of various phases 

at the alternating current consumption power end, the consumption 

power of the load(s) of the each phase being equal to one-third of 

the generation power of the electric power system. 
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[0015] In some embodiments of the present disclosure, the 

equalizing the consumption powers of the load(s) of the various 

phases at the alternating current consumption power end, the 

consumption power of the load(s) of the each phase being equal to 

one-third of the generation power of the electric power system 

comprises: 

[0016] for the load(s) of the each phase at the alternating current 

consumption power end, comparing a consumption power of the load(s) 

and the generation power of the electric power system; 

[0017] in response to the consumption power of the load(s) being 

greater than one-third of the generation power of the electric 

power system, reducing the consumption power of the load(s) by an 

energy router provided for the load(s), so that the consumption 

power of the load(s) is equal to one-third of the generation power 

of the electric power system; and 

[0018] in response to the consumption power of the load(s) being 

less than one-third of the generation power of the electric power 

system, increasing the consumption power of the load(s) by the 

energy router provided for the load(s), so that the consumption 

power of the load(s) is equal to one-third of the generation power 

of the electric power system. 

[0019] According to an aspect of the present disclosure, there is 

provided a three-phase power control apparatus for load(s) in a 

photovoltaic energy storage and power system, the three-phase 
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power control apparatus comprising: 

[0020] a power acquisition module for obtaining a drawing or 

feeding power of a grid, an charging or discharging power of energy 

storage, and a photovoltaic generation power; 

[0021] a generation power determination module for determining a 

generation power of an electric power system based on the drawing 

or feeding power of the grid, the charging or discharging power of 

the energy storage, and the photovoltaic generation power; and 

[0022] a power distribution module for distributing the generation 

power of the electric power system evenly to load(s) of each phase 

to achieve three-phase dynamic balancing. 

[0023] In some embodiments of the present disclosure, the three-

phase power control apparatus for load(s) in a photovoltaic energy 

storage and power system is used to perform the operations of the 

three-phase power control method for the load(s) in the 

photovoltaic energy storage and power system according to any of 

the above embodiments. 

[0024] According to an aspect of the present disclosure, there is 

provided a three-phase power control apparatus for load(s) in a 

photovoltaic energy storage and power system, the apparatus 

comprising: 

[0025] a memory for storing instructions; 

[0026] a processor for executing the instructions to cause the 

three-phase power control apparatus for the load(s) in the 
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photovoltaic energy storage and power system to perform operations 

of the three-phase power control method for load(s) in the 

photovoltaic energy storage and power system according to any of 

the above embodiments. 

[0027] According to another aspect of the present disclosure, 

there is provided a three-phase power control device for load(s) 

in a photovoltaic energy storage and power system, comprising: 

energy routers provided for a grid side, an energy storage device 

side, a photovoltaic device side, and load(s) of each phase at an 

alternating current consumption power end; and  

[0028] the three-phase power control apparatus for load(s) in a 

photovoltaic energy storage and power system according to any of 

the above embodiments. 

[0029] According to another aspect of the present disclosure, 

there is provided a photovoltaic energy storage and power system 

comprising the three-phase power control device for the load(s) in 

the photovoltaic energy storage and power system according to any 

of the above embodiments. 

[0030] In some embodiments of the present disclosure, the 

photovoltaic energy storage and power system is a photovoltaic air 

conditioning system. 

[0031] According to a further aspect of the present disclosure, 

there is provided a non-transitory computer-readable storage 

medium stored thereon computer instructions that, when executed by 
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a processor, implement the three-phase power control method for 

load(s) in a photovoltaic energy storage and power system according 

to any of the above embodiments. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] In order to more clearly explain the embodiments of the 

present invention or the technical solutions in the prior art, a 

brief introduction will be given below for the drawings required 

to be used in the description of the embodiments or the prior art. 

It is obvious that, the drawings illustrated as follows are merely 

some embodiments of the present disclosure. For a person skilled 

in the art, he or she may also acquire other drawings according to 

such drawings on the premise that no inventive effort is involved. 

[0033] FIG. 1A is a schematic diagram of a three-phase power 

control device for load(s) in a photovoltaic energy storage and 

power system according to some embodiments of the present 

disclosure; 

[0034] FIG. 1B is a schematic diagram of the photovoltaic energy 

storage and power system according to some embodiments of the 

present disclosure; 

[0035] FIG. 2 is a schematic diagram of the photovoltaic energy 

storage and power system according to some embodiments of the 

present disclosure; 

[0036] FIG. 3 is a schematic diagram of a three-phase power control 

method for load(s) in a photovoltaic energy storage and power 

system according to some embodiments of the present disclosure; 

[0037] FIG. 4 is a schematic diagram of a three-phase power control 

method for load(s) in a photovoltaic energy storage and power 
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system according to other embodiments of the present disclosure; 

[0038] FIG. 5 is a schematic diagram of a three-phase power control 

apparatus for load(s) in a photovoltaic energy storage and power 

system according to some embodiments of the present disclosure; 

[0039] FIG. 6 is a schematic structural diagram of a three-phase 

power control apparatus for load(s) in a photovoltaic energy 

storage and power system according to other embodiments of the 

present disclosure. 
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DETAILED DESCRIPTION  

[0040] Below, a clear and complete description will be given for 

the technical solution of embodiments of the present disclosure 

with reference to the figures of the embodiments. Obviously, merely 

some embodiments of the present disclosure, rather than all 

embodiments thereof, are given herein. The following description 

of at least one exemplary embodiment is in fact merely illustrative 

and is in no way intended as a limitation to the invention, its 

application or use. All other embodiments acquired by those of 

ordinary skill in the art based on the embodiments of the present 

disclosure without creative efforts shall fall within the 

protection scope of the present disclosure. 

[0041] Unless otherwise specified, the relative arrangement, 

numerical expressions and values of the components and steps set 

forth in these examples do not limit the scope of the invention. 

[0042] At the same time, it should be understood that, for ease 

of description, the dimensions of the various parts shown in the 

drawings are not drawn to actual proportions. 

[0043] Techniques, methods, and apparatus known to those of 

ordinary skill in the relevant art may not be discussed in detail, 

but where appropriate, these techniques, methods, and apparatuses 

should be considered as part of the specification. 

[0044] Of all the examples shown and discussed herein, any 

specific value should be construed as merely illustrative and not 
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as a limitation. Thus, other examples of exemplary embodiments may 

have different values. 

[0045] Notice that, similar reference numerals and letters are 

denoted by the like in the accompanying drawings, and therefore, 

once an item is defined in a drawing, there is no need for further 

discussion in the accompanying drawings. 

[0046] The inventors found through research that measures for 

addressing three-phase imbalance occurred in power grids in the 

related technologies mainly comprise load phase sequence balancing 

and load compensation. The load phase sequence balancing algorithm 

can improve the three-phase imbalance caused by uneven load 

distribution, but it still has the following problems:  short power 

outages during phase changes, which can affect the quality of power 

supply; sudden connections of load(s) to a different phase can 

affect the reliability of the system; manual adjustments to the 

phase sequence are required in low-voltage distribution systems. 

The load compensation method can quickly and effectively suppress 

the three-phase load imbalance in low-voltage distribution 

networks. However, the investment cost of load compensation 

devices and their maintenance in the related technologies is high, 

which makes it difficult to promote in some power supply areas 

such as residential, rural and other areas. As a result, it is 

difficult to promote the methods of the related technologies. 

[0047] In the air conditioning systems powered by photovoltaic 



 12 
 

energy in the related technologies, the AC grid is connected in a 

three-phase, four-wire system, and single-phase 220V air 

conditioners are connected between a specific phase of the three 

phases and the neutral wire for consumption power. Due to the high 

randomness and high power consumption of air conditioning loads, 

there is often a situation where too many loads are applied to a 

particular phase, resulting in a significant difference in power 

consumption between different phases, ultimately leading to three-

phase imbalance, which can reduce the reliability of the power 

system and cause potential safety hazards. The current solution in 

related technologies is to add load compensation devices as 

suppressors, but this method is costly, difficult to maintain, and 

not easy to promote. 

[0048] Therefore, related technologies may encounter problems such 

as high load randomness, a large proportion of single-phase loads, 

and the problem of three-phase imbalance at the AC end caused by 

different load types and sudden increases in load consumption 

power, which in turn affect the safe operation of the entire power 

system. 

[0049] In view of at least one of the foregoing technical problems, 

the present disclosure provides a method, apparatus and device for 

three-phase power control for load(s) in a photovoltaic energy 

storage and power system, which will be explained with reference 

to specific embodiments. 
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[0050] FIG. 1A is a schematic diagram of a three-phase power 

control device for load(s) in a photovoltaic energy storage and 

power system according to some embodiments of the present 

disclosure. As shown in FIG. 1A, the three-phase power control 

device for load(s) in a photovoltaic energy storage and power 

system of the present disclosure comprises energy routers 100 and 

a three-phase power control apparatus 200 for load(s) in the 

photovoltaic energy storage and power system, wherein: 

[0051] a plurality of energy routers 100 are disposed at the grid 

side, the energy storage device side, and the photovoltaic device 

side, and are provided for load(s) of each phase at the AC power 

end. 

[0052] The three-phase power control apparatus 200 for load(s) in 

the photovoltaic energy storage and power system is used for 

obtaining a drawing or feeding power of a grid, an charging or 

discharging power of energy storage, and a photovoltaic generation 

power; determining a generation power of an electric power system 

based on the drawing or feeding power of the grid, the charging or 

discharging power of the energy storage, and the photovoltaic 

generation power; and distributing the generation power of the 

electric power system evenly to load(s) of each phase to achieve 

three-phase dynamic balancing. 

[0053] In some embodiments of the present disclosure, in a case 

where the power grid is in a drawing state, the drawing or feeding 
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power of the grid is a drawing power. 

[0054] In other embodiments of the present disclosure, in a case 

where the power grid is in a feeding state, the drawing or feeding 

power of the grid is a feeding power. 

[0055] In some embodiments of the present disclosure, in a case 

where the energy storage device is in a charging state, the 

charging or discharging power of the energy storage is a charging 

power. 

[0056] In other embodiments of the present disclosure, in a case 

where the energy storage device is in a discharging state, the 

charging or discharging power of the energy storage is a 

discharging power. In some embodiments of the present disclosure, 

the three-phase power control apparatus 200 for load(s) in the 

photovoltaic energy storage and power system may be used for 

obtaining the drawing or feeding power of the grid, the charging 

or discharging power of the energy storage, and the photovoltaic 

generation power using energy routers provided at the grid side, 

the energy storage device side, and the photovoltaic device side 

of the photovoltaic energy storage and power system, respectively. 

[0057] In some embodiments of the present disclosure, the three-

phase power control apparatus 200 for load(s) in the photovoltaic 

energy storage and power system may be used for obtaining 

consumption power of the load(s) of the each phase at an AC 

consumption power end by an energy router provided for the load(s) 
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of the each phase at the AC consumption power end of the 

photovoltaic energy storage and power system; and distributing the 

consumption power of the load(s) of the each phase at the AC 

consumption power end of the photovoltaic energy storage and power 

system according to the generation power of the electric power 

system by the energy router provided for the load(s) of the each 

phase at the AC consumption power end. 

[0058] In the present disclosure, the generation power of the 

electric power system is evenly distributed to load(s) of various 

phases to achieve three-phase dynamic balancing. 

[0059] According to another aspect of the present disclosure, 

there is provided a photovoltaic energy storage and power system. 

FIG. 1B is a schematic diagram of the photovoltaic energy storage 

and power system according to some embodiments of the present 

disclosure. As shown in FIG. 1B, the photovoltaic energy storage 

and power system 1 of the present disclosure may comprise a three-

phase power control device 10 for load(s) in the photovoltaic 

energy storage and power system as described in any embodiment of 

the present disclosure (such as the embodiment in FIG. 1A). 

[0060] In some embodiments of the present disclosure, the 

photovoltaic energy storage and power system may be a photovoltaic 

air conditioning system. 

[0061] In some embodiments of the present disclosure, the load(s) 

may be air conditioners. 
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[0062] FIG. 2 is a schematic diagram of the photovoltaic energy 

storage and power system according to some embodiments of the 

present disclosure. In the embodiment shown in FIG. 2, the 

photovoltaic energy storage and power system is a photovoltaic air 

conditioning system; the load(s) are air conditioner(s). 

[0063] As shown in FIG. 2, the photovoltaic air conditioning 

system comprises: a power grid, a photovoltaic device, an energy 

storage device, and an air conditioner. 

[0064] FIG. 2 also shows a schematic diagram of a three-phase 

power control device for load(s) in a photovoltaic energy storage 

and power system according to other embodiments of the present 

disclosure. As shown in FIG. 2, the three-phase power control 

device (the device as shown in the dashed box in FIG. 2) for 

load(s) in a photovoltaic energy storage and power system of the 

present disclosure comprises a plurality of energy routers 1 to 6 

and a three-phase power control apparatus 200 for load(s) in the 

photovoltaic energy storage and power system, wherein: 

[0065] energy router 1 is provided at the grid side, energy router 

2 is provided at the photovoltaic device side, and energy router 

3 is provided at the energy storage device side. The energy routers 

1 to 3 serves as energy interfaces for obtaining the drawing or 

feeding power of the grid, the photovoltaic generation power, and 

the charging or discharging power of energy storage. 

[0066] In some embodiments of the present disclosure, the energy 
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routers 100 of the embodiment in FIG. 1 are equivalent to the 

plurality of energy routers 1 to 6 of the embodiment in FIG. 2. 

[0067] In some embodiments of the present disclosure, as shown in 

FIG. 2, energy routers 4 to 6 are additionally added to the front 

end of air-conditioning consumption power, which communicate with 

the three-phase power control apparatus 200 for load(s) in the 

photovoltaic energy storage and power system. The light dashed 

lines are communication lines. 

[0068] In some embodiments of the present disclosure, as shown in 

FIG. 2, energy routers 4 to 6 are provided between each phase and 

its electrical load(s). For example, energy router 4 is located 

between phase A and the electrical loads (air conditioners A1, 

A2,... An); energy router 5 is located between phase B and the 

electrical loads (air conditioners B1, B2,... Bn); energy router 

6 is located between phase B and the electrical loads (air 

conditioners B1, B2,... Bn). 

[0069] In some embodiments of the present disclosure, as shown in 

FIG. 2, energy routers 4 to 6 are added to the front end of the 

air conditioning consumption power system, which can be used to 

monitor the phase voltage, current, and other conditions in real 

time, and maintain power balance between phases. 

[0070] In some embodiments of the present disclosure, energy 

routers 4-6 are used to control the flow of power, and in 

particular to monitor the power of the each phase in real time in 
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cooperation with the three-phase power control apparatus 200 the 

for load(s) in the photovoltaic energy storage and power system, 

to determine whether the phase powers are dynamically balanced by 

comparing with the data of the energy routers 1 to 3, and to 

dynamically balance the phase powers by compensation or power 

limitation. 

[0071] In some embodiments of the present disclosure, energy 

routers 4-6 can be used to compensate for a certain phase when its 

power is less than a power threshold that should be met for power 

balancing at that time; on the contrary, if the power of a certain 

phase is greater than the power threshold that should be met for 

power balancing at that time, the power of that phase is limited 

until the three-phase dynamic balancing is achieved. 

[0072] The energy router of the above embodiments of the present 

disclosure mainly serves to monitor and distribute energy at the 

AC consumption power end, and can monitor power changes in real 

time to ensure a dynamic balance of power among the three phases. 

[0073] For the AC power grid, the above embodiments of the present 

disclosure can reduce transformer losses and prevent misoperation 

of power grid protection components. 

[0074] For the consumption power end, the above embodiments of 

the present disclosure can solve the technical problem of poor 

power quality caused by uneven distribution of electric load(s), 

and can also greatly reduce line losses and maintenance risks. 
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[0075] For the entire power system, the energy routers in the 

above embodiments of the present disclosure are autonomous, which 

can solve the technical problem of three-phase load imbalance 

caused by uneven distribution of air-conditioning load(s), thereby 

greatly improving system stability and eliminating safety hazards. 

[0076] When a three-phase consumption power imbalance occurs on 

the power consumption side due to the uneven distribution of air 

conditioning load(s), the energy routers make an immediate 

response and adjustment to ensure the safe and reliable operation 

of the power system. 

[0077] The above embodiments of the present disclosure can reduce 

the loss of lines of the system, reduce maintenance risks, and 

reduce safety hazards. 

[0078] The above embodiments of the present disclosure eliminates 

the need for load compensation devices, thereby reducing power 

system costs, and is easy to maintain. 

[0079] The above embodiments of the present disclosure is 

consistent with the goals of carbon peaking and carbon neutrality, 

and aims to build a new type of safe, stable, and reliable power 

network. 

[0080] The three-phase power control method and apparatus for 

load(s) in the photovoltaic energy storage and power system will 

be introduced with reference to the following embodiments. 

[0081] FIG. 3 is a schematic diagram of a three-phase power control 
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method for load(s) in a photovoltaic energy storage and power 

system according to some embodiments of the present disclosure. 

Preferably, the method of the embodiments can be performed by the 

three-phase power control apparatus for load(s) in a photovoltaic 

energy storage and power system, the three-phase power control 

device for load(s) in a photovoltaic energy storage and power 

system, or the photovoltaic energy storage and power system of the 

present disclosure. This method may comprise at least one of steps 

31 to 33. 

[0082] In step 31, the three-phase power control apparatus for 

load(s) in the photovoltaic energy storage and power system obtains 

a drawing or feeding power of the grid, an charging or discharging 

power of the energy storage, and a photovoltaic generation power. 

[0083] In some embodiments of the present disclosure, step 31 may 

comprise: obtaining the drawing or feeding power of the grid, the 

charging or discharging power of the energy storage, and the 

photovoltaic generation power by energy routers provided at a grid 

side, an energy storage device side and a photovoltaic device side 

of the photovoltaic energy storage and power system. 

[0084] In some embodiments of the present disclosure, in a case 

where the power grid is in a drawing state, the drawing or feeding 

power of the grid is a drawing power. 

[0085] In other embodiments of the present disclosure, in a case 

where the power grid is in a feeding state, the drawing or feeding 
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power of the grid is a feeding power. 

[0086] In some embodiments of the present disclosure, in a case 

where the energy storage device is in a charging state, the 

charging or discharging power of the energy storage is a charging 

power. 

[0087] In other embodiments of the present disclosure, in a case 

where the energy storage device is in a discharging state, the 

charging or discharging power of the energy storage is a 

discharging power. 

[0088] In step 32, the three-phase power control apparatus for 

load(s) in the photovoltaic energy storage and power system 

determines an generation power of the electric power system 𝑷𝒙 

based on the drawing or feeding power of the grid 𝑷𝒈𝒊𝒓𝒅, the charging 

or discharging power of the energy storage 𝑷𝒔𝒕, and the photovoltaic 

generation power 𝑷𝒑𝒗. 

[0089] In some embodiments of the present disclosure, step 32 may 

comprises: determining the generation power of the electric power 

system 𝑷𝒙 based on a sum of the drawing or feeding power of the 

grid 𝑷𝒈𝒊𝒓𝒅, the charging or discharging power of the energy storage 

𝑷𝒔𝒕, and the photovoltaic generation power 𝑷𝒑𝒗, as shown in formula 

(1). 

𝑷𝒈𝒊𝒓𝒅 + 𝑷𝒔𝒕 + 𝑷𝒑𝒗 = 𝑷𝒙 = 𝒙(𝒌𝑾)                 (1) 

[0090] In formula (1), the generation power of the electric power 
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system 𝑷𝒙 is 𝒙(𝒌𝑾). 

[0091] In step 33, the three-phase power control apparatus for 

load(s) in the photovoltaic energy storage and power system 

distributes the generation power of the electric power system 

evenly to load(s) of each phase to achieve three-phase dynamic 

balancing. 

[0092] In some embodiments of the present disclosure, step 33 may 

comprises: monitoring a consumption power of each phase of air 

conditioner power consumption end by an energy router provided for 

load(s) of that phase at an AC consumption power end of the 

photovoltaic energy storage and power system, and returning the 

data for comparison. 

[0093] In some embodiments of the present disclosure, step 33 may 

comprises: obtaining a consumption power of the load(s) of the 

each phase at an AC consumption power end from an energy router 

provided for the load(s) of the each phase at the AC consumption 

power end of the photovoltaic energy storage and power system; and 

distributing the consumption power of the load(s) of the each phase 

at the AC consumption power end of the photovoltaic energy storage 

and power system according to the generation power of the electric 

power system by the energy router provided for the load(s) of the 

each phase at the AC consumption power end. 

[0094] In some embodiments of the present disclosure, the 

distributing the consumption power of the load(s) of the each phase 
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at the AC consumption power end of the photovoltaic energy storage 

and power system according to the generation power of the electric 

power system comprises: equalizing consumption powers of load(s) 

of various phases (𝑷𝑨, 𝑷𝑩, 𝑷𝑪) at the alternating current consumption 

power end, the consumption power of the load(s) of the each phase 

being equal to one-third of the generation power of the electric 

power system, as shown in formula (2). 

𝑷𝑨 = 𝑷𝑩 = 𝑷𝑪 =
𝒙

𝟑
(𝒌𝑾)                     (2) 

[0095] In some embodiments of the present disclosure, the 

equalizing the consumption powers of the load(s) of the various 

phases at the alternating current consumption power end, the 

consumption power of the load(s) of the each phase being equal to 

one-third of the generation power of the electric power system 

comprises: for the load(s) of the each phase at the alternating 

current consumption power end, comparing a consumption power of 

the load(s) and the generation power of the electric power system; 

in response to the consumption power of the load(s) being greater 

than one-third of the generation power of the electric power 

system, reducing the consumption power of the load(s) by an energy 

router provided for the load(s), so that the consumption power of 

the load(s) is equal to one-third of the generation power of the 

electric power system; and in response to the consumption power of 

the load(s) being less than one-third of the generation power of 

the electric power system, increasing the consumption power of the 
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load(s) by the energy router provided for the load(s), so that the 

consumption power of the load(s) is equal to one-third of the 

generation power of the electric power system. 

[0096] FIG. 4 is a schematic diagram of a three-phase power control 

method for load(s) in a photovoltaic energy storage and power 

system according to other embodiments of the present disclosure. 

Preferably, the method of the embodiments can be performed by the 

three-phase power control apparatus for load(s) in a photovoltaic 

energy storage and power system, the three-phase power control 

device for load(s) in a photovoltaic energy storage and power 

system, or the photovoltaic energy storage and power system of the 

present disclosure. This method may comprise at least one of steps 

41 to 49. 

[0097] Step 41 comprises operating an electric power system. 

[0098] Step 42 comprises drawing power from the power grid or 

feeding power to the power grid; charging or discharging the energy 

storage; and supplying power for load(s) (such as air conditioning 

load(s)). 

[0099] Step 43 comprises monitoring a state of the system by energy 

routers in real time. 

[00100] Step 44 comprises determining whether the consumption 

powers of the load(s) of the various phases at the AC consumption 

power end are equal, as shown in formula (3), wherein if the 

consumption powers of the load(s) of the various phases at the AC 
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consumption power end are equal, the method ends; otherwise, if 

the consumption powers of the load(s) of the various phases at the 

AC consumption power end are not equal, the method proceeds to 

step 45. 

𝑷𝑨 = 𝑷𝑩 = 𝑷𝑪                         (3) 

[00101] Step 45 comprises obtaining a drawing or feeding power of 

the grid, an charging or discharging power of the energy storage, 

and a photovoltaic generation power; determining the generation 

power of the electric power system 𝑷𝒙 based on a sum of the drawing 

or feeding power of the grid 𝑷𝒈𝒊𝒓𝒅, the charging or discharging 

power of the energy storage 𝑷𝒔𝒕, and the photovoltaic generation 

power 𝑷𝒑𝒗, as shown in formula (1). 

[00102] Step 46 comprises determining whether the sum of the 

consumption powers of the load(s) of the various phases at the AC 

consumption power end is greater than the generation power of the 

electric power system. If the sum of the consumption powers of the 

load(s) of the various phases at the AC consumption power end is 

greater than the generation power of the electric power system, as 

shown in formula (4), the method proceeds to step 47; otherwise, 

if the sum of the consumption powers of the load(s) of the various 

phases at the AC consumption power end is less than the generation 

power of the electric power system, as shown in formula (5), the 

method proceeds to step 48. 
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[00103] Step 47 comprises distributing load(s) (such as air 

conditioning load(s)) by the energy routers to limit the 

consumption powers. The method then proceeds to step 49. 

[00104] In some embodiments of the present disclosure, step 47 may 

comprise: in a case of insufficient energy storage or photovoltaic 

power generation, as shown in formula (4): 

𝑷𝑨 + 𝑷𝑩 + 𝑷𝑪 > 𝑷𝒙                       (4) 

[00105] Excessive air-conditioning load or a sudden increase in 

air-conditioning load on a particular phase of the AC consumption 

power end can cause three-phase imbalance. To ensure the safe and 

stable operation of the power grid and the entire power system, 

controls are introduced by the energy routers to equalize the power 

distribution for the three phases until the three phases are 

dynamically balanced. 

[00106] In step 48, the energy routers distribute power evenly to 

each phase; and then step 49 is performed. 

[00107] In some embodiments of the present disclosure, step 48 may 

comprise: in a case of sufficient energy storage or photovoltaic 

power generation, as shown in formula (5): 

𝑷𝑨 + 𝑷𝑩 + 𝑷𝑪 < 𝑷𝒙                        (5) 

[00108] By management of the energy routing system, the powers of 

the three phases is evenly distributed to the air conditioning 

load(s) of each phase to achieve a three-phase balance. 

[00109] Step 49 comprises equalizing the load consumption power of 
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each phase at the AC consumption power end to one-third of the 

generation power of the electric power system, as shown in formula 

(2). 

[00110] In some embodiments of the present disclosure, in a case 

of balanced three phases on the AC side, the power of each phase 

should satisfy either formula (2) or formula (3). 

[00111] In some embodiments of the present disclosure, the three-

phase power control method for load(s) in a photovoltaic energy 

storage and power system may comprise: after step 49, if a balance 

is reached (formula (2) or formula (3)), the method ends; 

otherwise, the energy routers continue to detect and adjust until 

a balance is reached. 

[00112] In some embodiments of the present disclosure, in the case 

of formula (1), the following 8 situations may exist when the 

three-phase power is unbalanced: 

①𝑷𝑨<
𝑷𝒙

𝟑
、𝑷𝑩<

𝑷𝒙

𝟑
、𝑷𝑪<

𝑷𝒙

𝟑
 

②𝑷𝑨<
𝑷𝒙

𝟑
、𝑷𝑩<

𝑷𝒙

𝟑
、𝑷𝑪>

𝑷𝒙

𝟑
 

③𝑷𝑨<
𝑷𝒙

𝟑
、𝑷𝑩>

𝑷𝒙

𝟑
、𝑷𝑪<

𝑷𝒙

𝟑
 

④𝑷𝑨<
𝑷𝒙

𝟑
、𝑷𝑩>

𝑷𝒙

𝟑
、𝑷𝑪>

𝑷𝒙

𝟑
 

⑤𝑷𝑨>
𝑷𝒙

𝟑
、𝑷𝑩<

𝑷𝒙

𝟑
、𝑷𝑪<

𝑷𝒙

𝟑
 

⑥𝑷𝑨>
𝑷𝒙

𝟑
、𝑷𝑩<

𝑷𝒙

𝟑
、𝑷𝑪>

𝑷𝒙

𝟑
 

⑦𝑷𝑨>
𝑷𝒙

𝟑
、𝑷𝑩>

𝑷𝒙

𝟑
、𝑷𝑪<

𝑷𝒙

𝟑
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⑧𝑷𝑨>
𝑷𝒙

𝟑
、𝑷𝑩>

𝑷𝒙

𝟑
、𝑷𝑪>

𝑷𝒙

𝟑
 

[00113] For situation ①, in order to obtain a three-phase balance, 

it is necessary to increase the power of each of phases A, B and 

C. For situation ②, the powers are increased for phases A and B 

and is reduced for phase C. Similar adjustment methods are also 

used for situations ③ to ⑧, which will not be repeated here. 

[00114] The three-phase power control method for load(s) in a 

photovoltaic energy storage and power system will be introduced 

with reference to the following embodiments. 

[00115] In some embodiments of the present disclosure, the final 

generation power of the power system is 120 kW and the load power 

of each phase is shown in Table 1. 

Table 1 

Phase Load Power kW 

Phase A 40 

Phase B 30 

Phase C 5 
 

[00116] The air-conditioning load power of phase A is too high, 

and the uneven consumption power of each phase leads to a serious 

three-phase imbalance. In this case, 𝑷𝑨 ≠ 𝑷𝑩 ≠ 𝑷𝑪, 𝑷𝑨 + 𝑷𝑩 + 𝑷𝑪 < 𝑷𝒙. 

After adjustment of the energy routers, 𝑷𝑨 = 𝑷𝑩 = 𝑷𝑪 =
𝑷𝒙

𝟑
= 𝟒𝟎(𝒌𝑾) to 

achieve dynamic balancing of the three-phase load power, and then 
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the adjustment is complete. 

[00117] In other embodiments of the present disclosure, the final 

generation power of the power system is 72 kW, and 𝑷𝑨 ≠ 𝑷𝑩 ≠ 𝑷𝑪, 

𝑷𝑨 + 𝑷𝑩 + 𝑷𝑪 > 𝑷𝒙 . The energy routers act to limit the air-

conditioning consumption power of each phase to 𝑷𝑨 = 𝑷𝑩 = 𝑷𝑪 =
𝑷𝒙

𝟑
=

𝟐𝟒(𝒌𝑾).  In the present disclosure, the power outputs of phases A 

and B can be limited by the energy routers, so as to reduce the 

power from 40 kW and 30 kW to 24 kW for phases A and B, while 

compensating for the power of phase C by increasing it from 5 kW 

to 24 kW, thereby achieving a three-phase power balance. 

[00118] The three-phase power control method for load(s) in a 

photovoltaic energy storage and power system provided based on the 

above embodiment is a control method for energy routers in a 

photovoltaic energy air conditioning system. In the above 

embodiment of the present disclosure, balanced power distribution 

between respective phases on the AC side can be maintained by 

monitoring, distributing and protective control of the energy 

routers, and then dynamic power balance is achieved between the 

power grid, the photovoltaic device, the energy storage and the 

air conditioners to realize safe and stable operation of the entire 

power system. 

[00119] In some embodiments of the present disclosure, energy 

routers are added to the front end of the air-conditioning 
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consumption power system, which can be used to monitor the phase 

voltage, current, and other conditions in real time, and maintain 

power balance between phases. 

[00120] The above embodiment of the present disclosure can realize 

convenient and flexible adjustment on the three-phase consumption 

power side. 

[00121] FIG. 5 is a schematic diagram of a three-phase power control 

apparatus for load(s) in a photovoltaic energy storage and power 

system according to some embodiments of the present disclosure. As 

shown in FIG. 5, the three-phase power control apparatus for 

load(s) in a photovoltaic energy storage and power system of the 

present disclosure comprises a power acquisition module 51, a 

generation power determination module 52 and a power distribution 

module 53, wherein: 

[00122] the power acquisition module 51 is used for obtaining a 

drawing or feeding power of a grid, an charging or discharging 

power of energy storage, and a photovoltaic generation power. 

[00123] In some embodiments of the present disclosure, the power 

acquisition module 51 may be used for obtaining the drawing or 

feeding power of the grid, the charging or discharging power of 

the energy storage, and the photovoltaic generation power by energy 

routers provided at a grid side, an energy storage device side and 

a photovoltaic device side of the photovoltaic energy storage and 

power system. 
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[00124] The generation power determination module 52 is used for 

determining a generation power of an electric power system based 

on the drawing or feeding power of the grid, the charging or 

discharging power of the energy storage, and the photovoltaic 

generation power. 

[00125] The power distribution module 53 is used for distributing 

the generation power of the electric power system evenly to load(s) 

of each phase to achieve three-phase dynamic balancing. 

[00126] In some embodiments of the present disclosure, the power 

distribution module 53 may be used for obtaining a consumption 

power of the load(s) of the each phase at an alternating current 

consumption power end by an energy router provided for the load(s) 

of the each phase at the alternating current consumption power end 

of the photovoltaic energy storage and power system; and 

distributing the consumption power of the load(s) of the each phase 

at the alternating current consumption power end of the 

photovoltaic energy storage and power system according to the 

generation power of the electric power system by the energy router 

provided for the load(s) of the each phase at the alternating 

current consumption power end. 

[00127] In some embodiments of the present disclosure, the power 

distribution module 53 may be used for equalizing consumption 

powers of load(s) of various phases at the alternating current 

consumption power end, the consumption power of the load(s) of the 
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each phase being equal to one-third of the generation power of the 

electric power system. 

[00128] In some embodiments of the present disclosure, the power 

distribution module 53 may be used for, for the load(s) of the 

each phase at the alternating current consumption power end, 

comparing a consumption power of the load(s) and the generation 

power of the electric power system; in response to the consumption 

power of the load(s) being greater than one-third of the generation 

power of the electric power system, reducing the consumption power 

of the load(s) by an energy router provided for the load(s), so 

that the consumption power of the load(s) is equal to one-third of 

the generation power of the electric power system; and in response 

to the consumption power of the load(s) being less than one-third 

of the generation power of the electric power system, increasing 

the consumption power of the load(s) by the energy router provided 

for the load(s), so that the consumption power of the load(s) is 

equal to one-third of the generation power of the electric power 

system. 

[00129] In some embodiments of the present disclosure, the three-

phase power control apparatus for load(s) in a photovoltaic energy 

storage and power system is used to perform the operations of the 

three-phase power control method for load(s) in a photovoltaic 

energy storage and power system according to any of the above 

embodiments (e.g., the embodiment of FIG. 3 or 4). 
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[00130] The energy router(s) of the above embodiment of the present 

disclosure mainly serves to monitor and distribute power at the AC 

consumption power end, and can monitor power changes in real time 

to ensure a dynamic balance of power among the three phases. 

[00131] For the AC power grid, the above embodiments of the present 

disclosure can reduce transformer losses and prevent misoperation 

of power grid protection components. 

[00132] For the power consumption end, the above embodiments of 

the present disclosure can solve the technical problem of poor 

power quality caused by uneven distribution of electric load(s), 

and can also greatly reduce line losses and maintenance risks. 

[00133] For the entire power system, the energy routers in the 

above embodiments of the present disclosure are autonomous, which 

can solve the technical problem of three-phase load imbalance 

caused by uneven distribution of air-conditioning load(s), thereby 

greatly improving system stability and eliminating safety hazards. 

[00134] FIG. 6 is a schematic structural diagram of a three-phase 

power control apparatus for load(s) in a photovoltaic energy 

storage and power system according to other embodiments of the 

present disclosure. As shown in FIG. 6, the three-phase power 

control apparatus for load(s) in a photovoltaic energy storage and 

power system comprises a memory 61 and a processor 62. 

[00135] The memory 61 is used to store instructions. The processor 

62 is coupled to the memory 61, and is configured to, based on 



 34 
 

instructions stored in the memory, carry out a method involved in 

the above embodiments (e.g., the embodiment of FIG. 3 or 4). 

[00136] As shown in FIG. 6, the three-phase power control apparatus 

for load(s) in a photovoltaic energy storage and power system 

further comprises a communication interface 63 for performing 

information interaction with other devices. In addition, the 

three-phase power control apparatus for load(s) in a photovoltaic 

energy storage and power system further comprises a bus 64. The 

processor 62, the communication interface 63, and the memory 61 

perform communication with each other through the bus 64. 

[00137] The memory 61 may include a high speed RAM memory, and may 

also include a non-volatile memory such as at least one disk 

storage device. The memory 61 may also be a memory array. The 

memory 61 may also be partitioned into blocks, which may be 

combined into virtual volumes according to a certain rule. 

[00138] In addition, the processor 62 may be a central processing 

unit (CPU), or may be an Application Specific Integrated Circuit 

(ASIC) or one or more integrated circuits configured to implement 

the embodiments of the present disclosure. 

[00139] The three-phase power control apparatus for load(s) in a 

photovoltaic energy storage and power system may be implemented as 

a computer apparatus. 

[00140] When a three-phase consumption power imbalance occurs on 

the power side due to the uneven distribution of air conditioning 
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load(s), the energy routers make an immediate response and 

adjustment to ensure the safe and reliable operation of the power 

system. 

[00141] The above embodiments of the present disclosure can reduce 

the line loss of the system, reduce maintenance risks, and reduce 

safety hazards. 

[00142] The above embodiments of the present disclosure eliminates 

the need for load compensation devices, thereby reducing power 

system costs, and is easy to maintain. 

[00143] The above embodiments of the present disclosure is 

consistent with the goals of carbon peaking and carbon neutrality, 

and aims to build a new type of safe, stable, and reliable power 

network. 

[00144] In some embodiments of the present disclosure, energy 

routers are added to the front end of the air-conditioning 

consumption power system, which can be used to monitor the phase 

voltage, current, and other conditions in real time, and maintain 

power balance between phases. 

[00145] The above embodiments of the present disclosure can realize 

convenient and flexible distribution on the three-phase 

consumption power side. 

[00146] According to a further aspect of the present disclosure, 

there is provided a non-transitory computer-readable storage 

medium stored thereon computer instructions that, when executed by 
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a processor, implement the three-phase power control method for 

load(s) in a photovoltaic energy storage and power system according 

to any of the above embodiments (e.g., the embodiment of FIG. 3 or 

4). 

[00147] In the above embodiments of the present disclosure, 

balanced power distribution between respective phases on the AC 

side can be maintained by monitoring, distributing and protective 

control of the energy routers, and then dynamic power balance is 

achieved between the power grid, the photovoltaic device, the 

energy storage device and the air conditioners to realize safe and 

stable operation of the entire power system. 

[00148] One skilled in the art should understand that, the 

embodiments of the present disclosure may be provided as a method, 

an apparatus, or a computer program product. Therefore, 

embodiments of the present disclosure can take the form of an 

entirely hardware embodiment, an entirely software embodiment or 

an embodiment containing both hardware and software elements. 

Moreover, the present disclosure may take the form of a computer 

program product embodied on one or more computer-usable non-

transitory storage media (including but not limited to disk 

storage, CD-ROM, optical storage device, etc.) having computer-

usable program code embodied therein. 

[00149] The present disclosure is described with reference to 

flowcharts and/or block diagrams of methods, apparatuses (systems) 
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and computer program products according to embodiments of the 

present disclosure. It should be understood that each process 

and/or block in the flowcharts and/or block diagrams, and 

combinations of the processes and/or blocks in the flowcharts 

and/or block diagrams may be implemented by computer program 

instructions. The computer program instructions may be provided to 

a processor of a general purpose computer, a special purpose 

computer, an embedded processor, or other programmable data 

processing apparatus to generate a machine such that the 

instructions executed by a processor of a computer or other 

programmable data processing apparatus to generate means 

implementing the functions specified in one or more flows of the 

flowcharts and/or one or more blocks of the block diagrams. 

[00150] The computer program instructions may also be stored in a 

computer readable storage device capable of directing a computer 

or other programmable data processing apparatus to operate in a 

specific manner such that the instructions stored in the computer 

readable storage device produce an article of manufacture 

including instruction means implementing the functions specified 

in one or more flows of the flowcharts and/or one or more blocks 

of the block diagrams. 

[00151] These computer program instructions can also be loaded onto 

a computer or other programmable device to perform a series of 

operation steps on the computer or other programmable device to 
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generate a computer-implemented process such that the instructions 

executed on the computer or other programmable device provide steps 

implementing the functions specified in one or more flows of the 

flowcharts and/or one or more blocks of the block diagrams. 

[00152] The three-phase power control apparatus for load(s) in a 

photovoltaic energy storage and power system described above may 

be implemented as a general-purpose processor for performing the 

functions described in this application, Programmable logic 

controller (PLC), digital signal processor (DSP), application 

specific integrated circuit (ASIC), field programmable gate array 

(FPGA) or other programmable logic devices, discrete gates or 

transistor logic devices, discrete hardware components or any 

appropriate combination thereof. 

[00153] Heretofore, the present disclosure has been described in 

detail. In order to avoid obscuring the concepts of the present 

disclosure, some details known in the art are not described. Based 

on the above description, those skilled in the art can understand 

how to implement the technical solutions disclosed herein. 

[00154] A person skilled in the art can understand that all or part 

of the steps for carrying out the method in the above embodiments 

can be completed by hardware or a program instructing the related 

hardware, wherein the program can be stored in a non-transitory 

computer readable storage medium. The storage medium may be a read-

only memory (ROM), a magnetic disk or a compact disk (CD). 
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[00155] The above description of this invention is given for 

illustration and description, but is not exhaustive and is not 

intended to limit the present invention to the form disclosed 

herein. Various modifications and variations are apparent for a 

person of ordinary skill in the art. Embodiments are selected and 

described for a better illustration of the principle and practical 

application of this invention, so that those skilled in the art 

can understand this invention and envisage various embodiments 

with various modifications suited to specific usages. 
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WHAT IS CLAIMED IS: 

 
1. A three-phase power control method for load(s) in a 

photovoltaic energy storage and power system, comprising: 

obtaining a drawing or feeding power of a grid, an charging or 

discharging power of energy storage, and a photovoltaic generation 

power; 

determining a generation power of an electric power system 

based on the drawing or feeding power of the grid, the charging or 

discharging power of the energy storage, and the photovoltaic 

generation power; and 

distributing the generation power of the electric power system 

evenly to load(s) of each phase to achieve three-phase dynamic 

balancing. 

 

2. The three-phase power control method for the load(s) in the 

photovoltaic energy storage and power system according to claim 1, 

wherein the obtaining the drawing or feeding power of the grid, 

the charging or discharging power of the energy storage, and the 

photovoltaic generation power comprises: 

obtaining the drawing or feeding power of the grid, the charging 

or discharging power of the energy storage, and the photovoltaic 

generation power by energy routers provided at a grid side, an 

energy storage device side and a photovoltaic device side of the 
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photovoltaic energy storage and power system. 

 

3. The three-phase power control method for the load(s) in the 

photovoltaic energy storage and power system according to claim 1 

or 2, wherein the distributing the generation power of the electric 

power system evenly to the load(s) of the each phase to achieve 

the three-phase dynamic balancing comprises: 

obtaining a consumption power of the load(s) of the each phase 

at an alternating current consumption power end by an energy router 

provided for the load(s) of the each phase at the alternating 

current consumption power end of the photovoltaic energy storage 

and power system; and 

distributing the consumption power of the load(s) of the each 

phase at the alternating current consumption power end of the 

photovoltaic energy storage and power system according to the 

generation power of the electric power system by the energy router 

provided for the load(s) of the each phase at the alternating 

current consumption power end. 

 

4. The three-phase power control method for the load(s) in the 

photovoltaic energy storage and power system according to claim 3, 

wherein the distributing the consumption power of the load(s) of 

the each phase at the alternating current consumption power end of 

the photovoltaic energy storage and power system according to the 
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generation power of the electric power system comprises: 

equalizing consumption powers of load(s) of various phases at 

the alternating current consumption power end, the consumption 

power of the load(s) of the each phase being equal to one-third of 

the generation power of the electric power system. 

 

5. The three-phase power control method for the load(s) in the 

photovoltaic energy storage and power system according to claim 4, 

wherein the equalizing the consumption powers of the load(s) of 

the various phases at the alternating current consumption power 

end, the consumption power of the load(s) of the each phase being 

equal to one-third of the generation power of the electric power 

system comprises: 

for the load(s) of the each phase at the alternating current 

consumption power end, comparing a consumption power of the load(s) 

and the generation power of the electric power system; 

in response to the consumption power of the load(s) being 

greater than one-third of the generation power of the electric 

power system, reducing the consumption power of the load(s) by an 

energy router provided for the load(s), so that the consumption 

power of the load(s) is equal to one-third of the generation power 

of the electric power system; and 

in response to the consumption power of the load(s) being less 

than one-third of the generation power of the electric power 
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system, increasing the consumption power of the load(s) by the 

energy router provided for the load(s), so that the consumption 

power of the load(s) is equal to one-third of the generation power 

of the electric power system. 

 

6. A three-phase power control apparatus for load(s) in a 

photovoltaic energy storage and power system, comprising: 

a power acquisition module for obtaining a drawing or feeding 

power of a grid, an charging or discharging power of energy 

storage, and a photovoltaic generation power; 

a generation power determination module for determining a 

generation power of an electric power system based on the drawing 

or feeding power of the grid, the charging or discharging power of 

the energy storage, and the photovoltaic generation power; and 

a power distribution module for distributing the generation 

power of the electric power system evenly to load(s) of each phase 

to achieve three-phase dynamic balancing. 

 

7. The three-phase power control apparatus for the load(s) in 

the photovoltaic energy storage and power system according to claim 

6, wherein the three-phase power control apparatus for the load(s) 

in the photovoltaic energy storage and power system is used to 

perform the operations of the three-phase power control method for 

the load(s) in the photovoltaic energy storage and power system 
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according to any one of claims 1 to 5. 

 

8. A three-phase power control apparatus for load(s) in a 

photovoltaic energy storage and power system, comprising: 

a memory for storing instructions; 

a processor for executing the instructions to cause the three-

phase power control apparatus for the load(s) in the photovoltaic 

energy storage and power system to perform operations of the three-

phase power control method for the load(s) in the photovoltaic 

energy storage and power system according to any one of claims 1 

to 5. 

 

9. A three-phase power control device for load(s) in a 

photovoltaic energy storage and power system, comprising:  

energy routers provided for a grid side, an energy storage 

device side, a photovoltaic device side, and load(s) of each phase 

at an alternating current consumption power end; and  

the three-phase power control apparatus for load(s) in a 

photovoltaic energy storage and power system according to any one 

of claims 6 to 8. 

 

10. A photovoltaic energy storage and power system comprising 

the three-phase power control device for the load(s) in the 

photovoltaic energy storage and power system according to claim 9. 
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11. The photovoltaic energy storage and power system according 

to claim 10, wherein the photovoltaic energy storage and power 

system is a photovoltaic air conditioning system. 

 

12. A non-transitory computer-readable storage medium having 

stored thereon computer instructions that, when executed by a 

processor, implement a three-phase power control method for 

load(s) in a photovoltaic energy storage and power system according 

to any one of claims 1 to 5. 

 


