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Abstract 

Under the goal of carbon peak and carbon neutrality, distributed photovoltaic (PV) 
power generation has broad development prospects. Firstly, the paper theoretically 
analyzes the reasons for the power factor decrease after the distributed photovoltaic 
power generation adopts the mode of spontaneous self-use and surplus electricity to 
access the user's distribution network, and then gives the solutions in the current 
market and analyzes the advantages and disadvantages. Finally, the feasibility of the 
solution is verified by engineering examples. 
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1. Introduction 

At the general debate of the 75th SESSION of the United Nations General Assembly in 2020, 
Chinese President Xi Jinping made a commitment to achieve carbon peak by 2030 and carbon 
neutral by 2060. In this context, the solar photovoltaic industry, as a mature industry in the new 
energy industry system, will become an important guarantee for the realization of the dual 
carbon goal. Distributed photovoltaic power generation adopts the principle of nearby grid 
connection and nearby use, which can not only effectively improve the power generation of 
photovoltaic power stations of the same scale, but also effectively solve the problem of power 
loss in voltage boost and long-distance transportation. Therefore, it has broad prospects for 
development.  

2. Typical connection mode  

The scheme of distributed photovoltaic power station access system should be designed 
according to the principle of nearby decentralized access and local balanced consumption 
combining with the planning of distribution network and distributed power supply. 

The typical design scheme of 380V distributed photovoltaic power generation connected to the 
grid and connected to the user's distribution room or box transformer is shown in Figure 1. 
This scheme is mainly applicable to the photovoltaic power station with spontaneous self-
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use/surplus Internet access (connected to the user's grid). The installed capacity of single 
connection point is 20kW~400kW. 

 
Figure 1: Wiring diagram of primary system in 380V access scheme 

3. Abnormal power factor analysis  

3.1. Self-use mode 

In this mode, the active power generated by the distributed PHOTOVOLTAIC power station is 
less than the active power consumed by the user load. Therefore, part of the active power still 
needs to be provided by the power grid for the user load, while the reactive power consumed 
by the user load remains unchanged. The power vector diagram in this mode is shown in Figure 
2. 

 
Figure 2:  Spontaneous mode power vector diagram 

As can be seen from FIG. 2, when the distributed photovoltaic power station is connected to the 
grid, the active power obtained from the grid by the user load decreases while the reactive 
power remains unchanged. Therefore, the power factor will inevitably change, that is, the 
power factor will decrease from cos 𝜃1to cos 𝜃2. At the same time, in order to achieve the 
previous level of power factor, at least reactive power must be compensated ∆Q. 



Scientific Journal of Intelligent Systems Research                                                                                        Volume 4 Issue 2, 2022 

ISSN: 2664-9640                

56 

3.2. Surplus Power Mode  

In this mode, the active power generated by the distributed PHOTOVOLTAIC power station is 
greater than the active power consumed by the user load. Therefore, 

In this case, the active power will be sent back to the high voltage side of the user's transformer, 
while the reactive power consumed by the user's load remains unchanged. The power vector 
diagram in this mode is shown in Figure 3. 

 
Figure 3:  Power vector diagram of redundant network mode 

As can be seen from Figure 3, when the distributed PHOTOVOLTAIC power station is connected 
to the grid, if the user load power is small but the photovoltaic power generation power is large, 
the power will be reversed to the grid, while the reactive power absorbed by the user load from 
the grid remains unchanged, then the power factor will change from laggingcos 𝜃1to leading  
cos 𝜃2. At this time, for many non-four-quadrant reactive power compensation controllers, the 
power factor cannot be measured correctly once the power is reversed, and the original 
reactive power compensation device will be cut off during the fault alarm, leading to the failure 
of compensation, and the power factor fails to reach the standard. 

4. Solutions 

4.1. Inverter compensation 

Photovoltaic power stations should make full use of the reactive power capacity and regulation 
ability of grid-connected inverters. When the reactive power capacity of the inverter cannot 
meet the requirements of system voltage regulation, reactive power compensation devices with 
appropriate capacity should be installed in photovoltaic power stations, and dynamic reactive 
power compensation devices should be installed when necessary [2]. 

Its working principle is through the collection on a line of actual power factor were compared 
with the target power factor, then according to the load power and photovoltaic power, 
calculate the inverter needs to provide the power factor of reactive power and need to set up, 
and then by monitoring communications devices, real-time control commands issued by the 
power factor, makes the distribution of inverter to control the output of reactive power, Realize 
the reactive power compensation of photovoltaic power station. 

The grid-connected inverter installed in the PHOTOVOLTAIC power station should be able to 
meet the dynamic adjustable power factor in the range of 0.95 ahead to 0.95 behind under the 
rated active power output, and should meet the dynamic adjustable power factor in the 
rectangular box shown in Figure 4. 
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Figure 4:  Reactive power output range of inverter 

It can be seen from FIG. 4 that using inverters for reactive power regulation will affect the 
maximum power of solar power generation although the cost is low, and the reactive power 
capacity of the inverters is limited, that is, photovoltaic inverters can provide reactive power 
support of about 30% of their rated power to the power grid. 

In addition, literature [2] stipulates that the reactive power supply of photovoltaic power 
station should be able to track the fluctuation of photovoltaic output and the system voltage 
control requires rapid response, and the dynamic reactive power response time should not be 
more than 30ms. At present, the market is widely used based on RS485 communication for 
adjustment, response time in seconds, therefore, for lighting or load rapid change, the 
instantaneous power factor of the line will still be lower than the set value. 

4.2. Shunt capacitor compensation 

As most of the loads in the distribution network are inductive loads, industrial users generally 
compensate reactive power by shunt capacitor banks on the 380V low-voltage bus of the 
transformer, as shown in FIG. 5. The advantages of this method are: cheap price, simple 
operation, no noise; Easy installation and maintenance, automatic cutting, no special 
management. 

But this traditional way of compensation is divided into several levels of compensation, 
generally 3~10 levels, each increase or subtract a level is dozens of thousands of poor, only in 
accordance with such a series to do fixed compensation, which leads to sometimes more, 
sometimes less, compensation is not so accurate. In addition, the capacitors in parallel line can 
amplify the harmonics to some extent, which can only compensate the inductive reactive power 
and make the voltage and current distortion of the system more serious. 

 
Figure 5: Reactive power compensation for shunt capacitor 
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4.3.  SVG static var generator compensation 

Static Var Generator (SVG for short) is a device for dynamic reactive power compensation by 
self-commutating power semiconductor bridge converter. SVG is the best scheme in the field of 
reactive power control at present. SVG can compensate from 0.1KVar to tens of MVar, achieving 
precise compensation. In addition, SVG not only does not generate harmonics, but also can filter 
out nearly half of the harmonics of other devices, effectively ensuring the life of users' on-site 
equipment. But the disadvantage is that the cost is relatively high. 

4.4. Replacing a Reactive power Compensation Controller 

After the compensation mode and capacity are determined, the reactive power compensation 
controller in the original distribution system should be replaced with a four-quadrant reactive 
power compensation controller at the reactive power compensation detection point where the 
power is likely to be reversed, and the energy meter at the user's electricity bill settlement point 
should be replaced with a bidirectional one. 

4.5. Adjusting the Access Point Position 

Before the pv power generation unit is connected to the sampling CT of the reactive 
compensation controller, the photovoltaic system and the power grid have the same nature and 
work together for the load. Meanwhile, when the surplus electricity is connected to the Internet, 
it only goes through the sampling CT of the electric quantity acquisition terminal, rather than 
the sampling CT of the reactive compensation controller. The photovoltaic grid-connected 
wiring diagram of the access point after adjustment is shown in Figure 6. 

 
Figure 65: Pv grid connection diagram after ap adjustment 

4.6.  Adjusting the Access Point Position 

Before the pv power generation unit is connected to the sampling CT of the reactive 
compensation controller, the photovoltaic system and the power grid have the same nature and 
work together for the load. Meanwhile, when the surplus electricity is connected to the Internet, 
it only goes through the sampling CT of the electric quantity acquisition terminal, rather than 
the sampling CT of the reactive compensation controller. The photovoltaic grid-connected 
wiring diagram of the access point after adjustment is shown in Figure 6. 

Adjusted, spontaneous private mode, or electric online mode, active power reactive power 
compensation controller sampling points size and direction are consistent with the 
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photovoltaic access before, so no need for an additional reactive power compensation device 
and replace the reactive power compensation controller, the original compensation device and 
the controller can meet the requirements of economic and convenient.Acknowledgements 

Natural Science Foundation. 

5.  Engineering Examples 

A 1001kWp distributed photovoltaic power generation BAPV project is located in a logistics 
park in Xianyang, Shaanxi province. The primary electrical wiring diagram of no. 2 distribution 
room in the park is shown in FIG.5. Transformer capacity is 2*800KVA, variable ratio is 
10±2*2.5%/0.4kV. Reactive power compensation adopts shunt capacitor compensation on the 
low-voltage side of the transformer, and the installation capacity is 25KVAR*11*2=550KVAR. 

The total installed capacity of PV is 1001kWp, and the design is divided into three points for 
access. The installed capacity of 1# joint point is 382.2kW, the installed capacity of 2# joint 
point is 236.6kW, both of which are connected to 0.4kV bus in section ⅰ, and the installed 
capacity of 3# joint point is 382.2kW, and the installed capacity of 2# joint point is 0.4kV bus in 
section ⅱ. The specific access location is shown in Figure 6, which is connected to the front end 
of sampling CT of reactive power compensation controller. Therefore, the project did not design 
additional reactive power compensation device, nor did it replace the original reactive power 
compensation controller with a four-quadrant reactive power compensation controller. The 
project ran well and the power factor met the requirements. 

6.  Summarizes 

This paper firstly theoretically analyzes the reasons why the power factor decreases after the 
distributed photovoltaic power generation adopts the mode of spontaneous self-use and 
surplus electricity to access the user's distribution network. Then, it gives the solutions in the 
current market and analyzes the advantages and disadvantages. Finally, it verifies the feasibility 
of the solutions through engineering examples. 
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