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Abstract 

With the increase of photovoltaic grid-connected capacity, photovoltaic generation will 

bring many impacts on distribution network. In this paper, the influence of large-scale 

grid-connected photovoltaic power plants on power grid is reviewed. First, through 

researching the basic structure and operating characteristic, the paper introduces the 

operation mechanism of large-scale grid-connected photovoltaic power plants. Then the 

paper analyzes the influence of large-scale grid-connected photovoltaic power plants on 

the grid from the distribution grid planning and scheduling, power quality and power 

system protection. In the end, the paper summarizes some new problems and discusses 

and prospects the development trends on the large-scale grid-connected photovoltaic 

power plants. 
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1. Introduction 

In recent years, with the depletion of fossil fuels and the deterioration of environmental 

issues, the demand for renewable energy is increasing largely. While many countries have 

made decision that human large-scale develop and utilize the renewable energy of 

represented by the wind and solar, a new power system era of regarding the new energy 

generation as a symbol is coming. 

According to the latest statistics, in 2015 the global cumulative PV installed capacity of 

up to 200 GW is about two times than that of in 2012. Although the PV industry has been 

ups and downs in 2010, in the long term, PV industry remains strong growth momentum 

and is expected that cumulative PV installed capacity will be more than 450 GW in 2017. 

In our country, the government fiscal subsidies and the priority grid policy make a 

powerful incentive for PV industry so that PV installed capacity is on the rise [1], and by 

the end of 2007, China's total installed capacity of PV systems reach 10 million kilowatts. 

In 2012, China has become the one of the second largest PV application market in the 

world. On July 15st 2013, China promulgated "State Council on promoting the healthy 

development of a number of opinions photovoltaic industry," which proposed that PV 

installed capacity would add about 10 GW a year from 2013 to 2015, and it will be more 

than 35 GW by 2015 [2-5]. And several years ago, "national energy development plan" 

stipulated: large-scale solar photovoltaic power plant is one of the key development areas 

from 2010 to 2020. These show that photovoltaic power plants have been large-scale. 

Several megawatt grid-connected photovoltaic power plants have been started or run in 

Qinghai, Gansu, Ningxia and other places, and China has also developed some 
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corresponding grid technology requirements [6] 

Photovoltaic grid-connected technology has become the main form of the PV 

application. However, with the influence of the time and the climate change, photovoltaic 

power has the output characteristic of randomness, volatility and intermittent, so it makes 

more difficult to control and belongs to the uncontrollable generators. With the rapid 

increase of distributed photovoltaic grid-connected capacity, photovoltaic power 

generation will bring a great impact on distribution networks. In addition, because of the 

different operation mechanism between photovoltaic power plants and conventional 

power plants, the large-scale grid-connected photovoltaic power plants will bring great 

challenges for distribution networks’ security and stability operation [7-14]. 

This paper combined with current research on large-scale grid-connected photovoltaic 

power plants. Through researching and analysis the basic structure and operating 

characteristics, the paper mainly reviews the impact of large-scale grid-connected 

photovoltaic power plants on the grid. It will provide many references for carrying out 

further depth study in the future. 

 

2. Photovoltaic Array Model 

Photovoltaic cells are the smallest components of photovoltaic array, which are 

assembled into photovoltaic modules. Then, in the form of series-parallel connection, 

photovoltaic modules will constitute a photovoltaic array, followed by the formation of 

photovoltaic power plants [3]. The equivalent circuit of the photovoltaic cell is shown in 

Figure 2. In the figure: is photocurrent; is diode reverse saturation current; is equivalent 

series resistance of the photovoltaic array; is equivalent parallel resistance for the 

photovoltaic array; is the output current of the PV array; is output voltage of the PV array. 
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Figure 2. The Equivalent Circuit of the Photovoltaic Cell 

The volt ampere characteristics of photovoltaic cells can be obtained from the circuit 

diagram: 
                 (1) 

Let us suppose that the n photovoltaic cells series into one group, and the m groups 

parallel into a photovoltaic array. So we will obtain the mathematical model of the 

photovoltaic array [15] [16] 

         (2) 

                              (3) 

In the formula (2), (3): n is the number of tandem photovoltaic module; m is the 

number of components in parallel PV; A is the PN junction diode ideality factor and is a 

dimensionless constant; K is the Boltzmann's constant; T is the temperature of array 
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working environment; q is the electron charge quantity. 

Photocurrent  related to many factors, among that the two most important factors are 

solar irradiance and ambient temperature. The formula as follows [17]: 

                     (4) 

In the formula (4): S is an array of solar irradiance at work;  is the reference values for 

solar irradiance;  is the resistant optical current reference value;  is the temperature 

coefficient of the short-circuit current and is related to the battery materials;  is the 

ambient temperature reference value which is 25 ℃ or 273 K usually. 

Through the photovoltaic array mathematical model, we can know that the effect of 

environmental conditions on photovoltaic power plants’ output is obvious. As shown in 

Figure 3. In the (a), invariant is light intensity and in the (b), invariant is temperature. 

When the solar irradiance and ambient temperature have changed, the output voltage of 

the photovoltaic array has a change, and the output power also varies. Therefore, in order 

to improve the efficiency of photovoltaic power generation, it is significant that we 

analysis the basic structure and output characteristic of large-scale grid-connected 

photovoltaic. 
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Figure 3. Photovoltaic Output with the Change of Temperature and Light 
Intensity 

3. The Grid-Connected Basic Structure and Operating Characteristics 

of Large-Scale Photovoltaic Plants 
 

3.1. The Grid-Connected Basic Structure 

Photovoltaic is a kind of photovoltaic effect which is based on semiconductor 

converting solar radiation into electricity directly. In order to meet the power requirements, 

the direct current of photovoltaic array is converted into alternating current and 

alternating current is switched on the grid directly through a transform. Photovoltaic 

systems composed of the photovoltaic array, direct current combiner boxes, inverters, 

transformers load and transmission lines. Figure 1 is the basic structure of large-scale 

grid-connected photovoltaic power plant. 
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Figure 1. Basic Structure of Large-Scale Grid-Connected Photovoltaic Power 
Plant 

3.2. The Operating Characteristics 

Comparing with the small-scale grid-connected photovoltaic power generation systems, 

large-scale grid-connected photovoltaic power plant can make full use of solar energy, and 

using Maximum Power Point Tracking (MPPT) technology improves the efficiency of the 

system. We can not only use the technology of inverters in parallel, centralized 

management and control but also make full use of temporal distribution characteristics of 

solar at the appropriate conditions and use the energy storage technology to make 

photovoltaic power plant play a role that it can provide power generation in the peak 

period of electricity consumption and compensate reactive power to meet the needs of 

grid-friendly role. Specifically, large-scale grid-connected photovoltaic power plant has 

the following operational characteristics: 

(1) Large area photovoltaic array lead performance to vary [18]. On the one hand, the 

difference of the actual working environment of small sectional array leads the 

difference of photovoltaic cell operating temperature, duration of sunshine and 

sunlight intensity, eventually, it makes the integral characteristics vary. On the other 

hand, the difference of manufacturers lead to produce different types of photovoltaic 

cells so that it brings the effect on inherent characteristics of the photovoltaic array, 

which is not satisfied with ideal requirements of combination performance 

photovoltaic array [19]. 

(2) The grid-connected inverter has large capacity and multi-type. Large-scale 

grid-connected photovoltaic power plant usually use the methods that grid-connected 

inverter combine with many low-voltage inverters to boost to the high pressure (10 

kV / 35 kV) through the transformer [20]. Combination of multiple inverters is aimed 

at increasing system redundancy, and by the partial shutdown of the inverter, it can 

achieve conversion of high efficiency at the low light. But multiple inverters in 

parallel operation will produce circulation, and a lot of harmonics. 

(3) The local power grid will be brought some negative effects, such as power quality 

problems [21], the voltage fluctuations caused by the instability of power output [22], 

an island [23] and so on. Photovoltaic power generation as a small time scale, 

non-rotating inertia power mode, when the grid scale comes to a certain extent, for 

the safe operation of the power grid will be a challenge [24]. 

 

4. The Influence of Large-Scale Grid-Connected Photovoltaic Power 

Plants on Power Grid 

With the access of large-scale grid-connected photovoltaic power generation system, 

traditional grid will be brought some influences inevitably, such as planning and design, 
power quality, power system protection, scheduling operation and so on. It is a significant 

work that studying and mastering these effects lay the foundation for the further 

development of the grid, and according to their own needs of security and stability, 
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propose and develop relevant technical requirements for grid-connected of photovoltaic 

power plants  

 

4.1. The Impact on Planning and Scheduling Preparation 

That large-scale grid-connected photovoltaic power plants connect to the grid will 

change the trend of distribution grid and load characteristics and lead photovoltaic to 

reverse power. These will impact on planning and scheduling operation of distribution 

grid [25]. 

(1) The impact on planning  

On the one hand, the randomness of photovoltaic output changes the way of power grid 

planning [26]. Power grid planning must meet the requirements of the reliability of power 

supply that loss of load probability should be kept in a relatively small range. However, as 

a kind of the electrical source, grid-connected photovoltaic power plants are affected by 

the weather, terrain, location and other factors greatly. And, with the increasing of 

capacity, the number of PV arrays in parallel is also increasing. So the area of 

photovoltaic array is also increasing so that the output of a certain area of the array within 

the same day time at the different points of time will differ, and therefore a large area of 

the photovoltaic array will exhibit the different output characteristics with single 

photovoltaic cell or a small area of the PV array. In addition due to the difference of 

photovoltaic modules will make this feature more obvious [27]. The feature makes the 

conventional MPPT technology can not normally get the maximum power point of a 

large-scale photovoltaic power generation. Therefore, the output power of the 

photovoltaic plant has the great uncertainty and volatility so that can’t guarantee the 

reliability of supply. 

On the other hand, the traditional generation scheduling depends on the accurate 

prediction of the load. Load forecasting as a basis for planning and design of the power 

grid, whether or not we can predict the load accurately is a prerequisite for network 

planning. Due to the electricity from the grid-connected photovoltaic systems can often 

balance out some of the local load on the spot [28], and grid-connected photovoltaic 

power generation affected by climate change significantly. So the total load of the entire 

grid has more variability and randomness, making it more difficult to forecast short-term 

load. Eventually, rational development of power generation plan will be brought greater 

difficulty. 

(2) The impact on scheduling operation 

Due to the existing photovoltaic unit without the function of scheduling automation, 

and with the increasing of photovoltaic power plants’ capacity, the grid frequency and 

voltage stability will be brought greater influence. However, because of the limit of 

technical level, the current large-scale photovoltaic systems don’t have the ability of 

adjusting frequency and voltage. There is no doubt that schedulable generation capacity 

will be reduced thereby increasing the difficulty of the distribution grid control and 

scheduling operations [29]. 

 

4.2. The Impact on Power Quality 

(1) The impact on voltage 

Starting large-scale photovoltaic power plants or changing the output of photovoltaic 

power plants can cause voltage variations. On the one hand, the output power of 

large-scale photovoltaic arrays is greatly affected by the solar radiation at day and night, 

and continuing to occur with the solar irradiance changing. If the sunshine mutation cause 

suddenly power decrease or loss, in general, this part of the power shall be provided by 

local distribution transformers. Thus installation at the bus or even the entire distribution 

grid voltage may be destroyed. On the other hand, in the state of steady operation, the 
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traditional distribution grid voltage of each load point is reduced gradually along the 

direction of the flow path. Because of the access of large-scale photovoltaic make the 

transmission power on the feeder decrease and lead the voltage of each load point to rise, 

which will affect the voltage of each load point, thereby causing voltage fluctuations in 

the distribution grid. If the proportion of photovoltaic output is larger, its output instability 

will cause load current on the distribution lines to be vulnerable to fluctuations, thereby 

increasing the difficulty of the grid voltage adjustment during normal operation. If the 

voltage adjustment is not smoothly, voltage of distribution grid will be excessive [30].  

At the same time due to excepting the voltage adjustment by switching capacitive 

reactance in the distribution grid, power grid has few other dynamic reactive power 

conditioning equipment, but the supporting capacity of reactive voltage of photovoltaic 

power is weak during the actual operation of photovoltaic power, which the risk of 

voltage quality beyond the limit and voltage instability is larger [31-32]. For the 

large-scale photovoltaic dispersive merging into distribution grid, the radial grid structure 

of distribution grid will be changed, which single supply structure will become into a dual 

power supply or multiple power supply. The distribution magnitude and direction of 

power current are complex and volatile, so power current has become more difficult to 

control, thereby affecting the distribution grid voltage quality. There is significant 

correlation between the degree of influence and location, scale output of photovoltaic 

access [33-35]. 

(2) Harmonic pollution 

For photovoltaic grid-connected need to introduce inverter which contains a lot of 

power electronic components. When direct current transform into alternating current, 

inverter produce harmonics inevitably to pollute the power grid [36].However, with the 

increasing of photovoltaic capacity, a large number of power electronic devices widely 

used will generate a large number of harmonics, and harmonics will add an additional loss 

of power equipment, thereby great affecting the quality of power. The operating 

experience of several large-scale photovoltaic power plants from home and abroad shows 

that though the output current harmonics produced by a single grid-connected inverter is 

fewer, that by many grid-connected inverters paralleling may also be exceeded [37-38]. 

Because of the speed of inverter switching slow will cause the output distortion and 

harmonic generation. In a word, that a large number of inverters paralleling will bring 

some problems of current harmonics superposition during the large-scale photovoltaic 

grid-connected [39]. The literature [40] solves the problem mainly through the following 

two aspects. First, through the use of harmonic suppression circuit and active power factor 

correction circuit in the inverter eliminate the higher harmonics. Second the higher 

harmonics and distortion current from the power supply equipment will be eliminated. 

 

4.3. The Impact on the Power System Protection 

Photovoltaic power generation has become the main form of using solar energy. With 

the large-scale operation of photovoltaic system, when photovoltaic power capacity is 

large enough comparing with the distribution grid system capacity, the structure of 

distribution grid and short-circuit current distribution will be bring a profound impact, 

thereby affecting the normal operation of the grid of the original protection device. 

At present, China's low-voltage distribution grid is largely ungrounded (or arc 

suppression coil grounding) unilateral power and radiation type power supply network. 
Substation protection is based on the steamer route three-current protection, which the 

main feeder is installed on automatic reclosing devices and branch circuit is installed on 

fuses. Because photovoltaic power play a role on increasing or diversion the fault current, 

the size, duration and direction of the fault current will be changed, which flowing 

through the fault current protection device may increase or may decrease and the scope of 

protection and sensitivity will be also change, thereby bringing issue of the cooperate with 
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each other of individual protection devices [41]. Embodying in the following aspects: 

(1) The introduction of a large-scale photovoltaic power plant makes distribution grid 

from the traditional single-supply radiating grid to a two-end or multiport grid, 

thereby the size, duration and direction of the fault current will change, so that the 

original feeder protection will be affected, which may lead breaker malfunction, 

refused to move and lose selectivity [42-47]. 

(2) Depending on the connection of the transformer, the inverter of connecting with the 

transformer can form additional ground loops, which affect the zero sequence current 

or increase the voltage of normal phase to ground during the single phase to ground 

short circuit fault and will also change the operating characteristics of relay 

protection [41]. 

(3) Failure of photovoltaic power plant itself will have an impact on the operation and 

protection system, thereby increasing the necessary content about protecting power 

system for the photovoltaic grid-connected inverter of sensitive to disturbance in 

practical grid-connected photovoltaic systems, including low voltage ride through, 

excessive harmonic output, excessive direct-current component and phase imbalance 

protection [41]. 

(4) When anti-islanding protection time of photovoltaic systems is not coordinated with 

the device of automatic reclosing, it will cause the asynchronous closing and form a 

great impact current or voltage between the photovoltaic systems and system power. 

Under the impact of the current, protective equipment is likely to malfunction to 

make the automatic reclosing lose the ability to quickly restore transient faults. 
Meanwhile, the impact of the current is also likely to have fatal impact on the main 

grid and the inverter or other equipment of photovoltaic grid-connected system [42]. 

In order to prevent asynchronous closing, for the lines of connecting with the 

inverters, three-phase reclosing start time or standby power source breaker operating 

time are more than the inverter anti- islanding protection maximum operating time. 

(5) Distributed and high-density photovoltaic systems, often through multiple or a 

low-voltage distribution line access to the same bus to connect the grid to generate 

[43]. Due to the photovoltaic generation power affected by the illumination changes 

is correlation in the same area. High-density photovoltaic systems grid-connected 

will exacerbate the range ability of local distribution grid current and the range of the 

voltage fluctuation [45-48]. In addition, if some feeder line of the smaller power load 

of connecting to the high-density photovoltaic system on the same bus suffer from 

the short-circuit fault, the upper and lower fuse of connecting to the feeder line can’t 

coordinate, that fuse lose selectivity and short-circuit power of flowing through some 

the load branch circuit exceed the breaking capacity of the breaker [49]. 

 

5. Conclusion 

Photovoltaic power generation as an important form of the new energy has a good 

development foreground. However, a large number of photovoltaic grid-connected will 

bring the impact on safe and reliable operation of the traditional distribution grid. Under 

the premise in power quality, reliability and safety of the photovoltaic power generation 

system, the best use of solar resources to generate has a significant. Therefore, this paper 

aims at the distributed photovoltaic power generation system. Through researching and 

analysis the basic structure and operating characteristics, the paper mainly reviews the 

impact of large-scale grid-connected photovoltaic power plants on the grid. In the future, 

it is necessary to further study the impact, thereby proposing the most effective solutions 

and making the photovoltaic power generation more secure, stable, high efficiency. On the 

one hand we should develop a reasonable control strategy which is integrity [50], such as 

achieving the complementation between wind and solar, making other power the 

coordination and the balance, etc. On the other hand, we should be devoted to improve 



International Journal of Grid and Distributed Computing 

Vol. 9, No. 4 (2016) 

 

 

310   Copyright ⓒ 2016 SERSC 

solar power generation technology, such as energy storage technologies, harmonic 

suppression, the new grid-connected inverters, etc. 
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