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Abstract. The large-scale access of the distributed photovoltaic power supply to the grid will 

bring great challenge to the safe operation of power grid, thus adversely affecting the further 

development of distributed photovoltaic. First of all, from the aspects of structure, power quality, 

network loss and relay protection, this paper summarizes the influence of distributed 

photovoltaic system on distribution network. Secondly, the distributed photovoltaic output is 

summarized and summarized from two aspects of distributed photovoltaic output performance  

analysis and output forecast. In addition, from the perspective of photovoltaic user demand 

response can improve the photovoltaic extinction rate, this paper also combs the analysis and 

research of PV user demand response modelling and electricity price mechanism. Finally, some 

suggestions on the key areas for future research are put up.  

1. Introduction  

The development prospect of distributed photovoltaic power generation is broad [1], it advocates the 

spontaneous use of electricity, the rest of the internet, there is no step-up and long-distance 

transportation problem, directly facing the terminal power consumers[2], in the power market reform 

and energy-saving emission reduction situation, has got more and more attention and development. 

With the increase of the distributed PV network capacity, the safe and stable operation of the power 

system will be influenced by the non-negligible [3]. The accurate characteristic analysis and output 

prediction of distributed PV are the important foundation to solve these problems and ensure the safe 

operation of the power grid [4]. At the same time, a lot of researches have been done on demand side 

participation in distribution network, the purpose of which is to adjust shifting and increase PV 

extinction rate by using demand response of PV users [5-9]. 

Based on the influence of photovoltaic power grid on distribution network, this paper collated the 

research of PV power generation characteristics analysis and output prediction, and then it has further 

combed the research on PV user demand response, which has provided some reference for readers.  

2. The Influence of Distributed Photovoltaic on Distributed Network 

Due to the influence of solar radiation intensity, the output of PV power has a strong randomness and 

intermittence, which has important influence on power quality, voltage fluctuation, economy and relay  

protection [10-14]. First of all, the grid-connected distributed photovoltaic power system changes the 

distribution network structure, and when not coordinated with the load distribution grid, it will increase 
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the difficulty of the voltage regulation of the distribution grid [15-16]. Secondly, the large-capacity 

photovoltaic grid-connected under different operating modes will greatly influence the power flow size 

and direction of distribution network, thus causing the change of voltage distribution [17-19] and 

network loss [20-21], and changing the economy. In addition, the distribution of distributed 

photovoltaic power supply network, will inevitably provide a certain short-circuit current to 

short-circuit point, which may have an impact on the distribution automation fault location [22-24]. 

The above research shows that large-scale grid-connected photovoltaic power supply will bring 

power quality problems, affect the stability of power grid, and cause economic loss to power users of 

distribution network, and endanger the safe and reliable operation of PV system. Therefore, it is 

necessary to accurately analyse and forecast the output characteristics of distributed photovoltaic system, 

and put forward a reliable countermeasure of eliminating the solar energy to reduce the impact of 

distributed photovoltaic on grid. 

3. Analysis and Prediction of Distributed PV Output Characteristics 

Due to the randomness and volatility of photovoltaic power generation, a large number of photovoltaic 

power grids will not only increase the system net load fluctuation range, but also reduce the accuracy of 

load forecasting, and make the fluctuation of net load of system more uncertain. Accurate analysis of PV 

output characteristics and generation forecasting will have an important impact on daily power 

generation scheduling and power system operation planning. 

3.1. Analysis of Distributed PV Output Characteristics 

The analysis of the distributed PV output characteristics mainly aims at the fluctuation of PV power in 

different time periods and different conditions, and the weather factors such as sunshine and temperature, 

and the structure and installation mode of PV system are also the important factors that influence the 

output. 

For the study of volatility, literature [25-26] studied the effects of cloud movement and different 

configuration combinations of photovoltaic arrays on photovoltaic output power. Literature [27] 

presented a method to extract the random components of photovoltaic output, and accurately described 

the continuity of PV output fluctuation. Literature [28] presented a method for analyzing the stochastic 

characteristics of the output of photovoltaic power station. The deterministic factors of PV power 

generation and the uncertain factors were separated. The stochastic characteristics of PV output 

occlusion factors were studied from the aspects of probability distribution and fluctuation characteristics, 

and the spatial correlation of photovoltaic output was analysed by means of empirical analysis. 

Literature [29] defined the photovoltaic output state according to the PV output operating point and its 

fluctuation limit value, then it quantitatively studied the time length of PV power maintenance in a 

certain state, and put forward the concept of the duration distribution of PV power. 
For PV System Research, literature [30] took the distributed maximum power point tracking 

(DMPPT) photovoltaic system as the research object, aiming at the optimization problem of multiple 

distributed maximum power tracking module networks, analysed the structure of multiple PV modules 

cascade based on the static output characteristics of the system, and presented a new distributed 

maximum power point tracking PV system structure, besides, the output characteristics of photovoltaic 

under this structure were analysed. 

3.2. Distributed Photovoltaic Output Forecast 

At present, the main principle of photovoltaic power forecasting is based on the future weather 

conditions combined with the solar radiation and photovoltaic panel layout of the solar panels to receive 

radiation prediction, and then estimate the power of photovoltaic panels [30]. 

From the point of view of weather condition and solar radiation law, literature [31] used the 

autoregressive sliding average model to construct the stochastic time series of the PV output sequence, 

and gave a consideration to the correlation of the output sequence of the multi power station by using the 

characteristics of the autoregressive sliding average mathematical model. Literature [32] put forward a 
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systematic method to optimize the operation of the feeder and to ensure the voltage quality, to determine 

the photovoltaic active and reactive power output of residential roofs. Literature [33] used the 

framework of stochastic differential equations to predict the probability of solar irradiation. Literature 

[34] first predicted the probability distribution of the hourly clear sky index through Bayesian 

autoregressive time series model, and then calculated the probability distribution of PV output by 

random sampling of the clear sky index by Monte Carlo simulation. Literature [35] used the copula 

function to model the joint probability distribution of PV actual output and point prediction, and realized 

the estimation of conditional probability distribution of the corresponding photovoltaic actual output by 

any point prediction. Literature [36] in view of the timing and randomness of PV power generation, the 

output model of PV power system was improved by stratified sampling of weather type sampling and 

equipment outage probability. 

From the point of view of other distributed power sources research, literature [37] used the copula 

theory of stochastic mathematics to set up the conditional prediction error model of PV power 

generation based on the wind power forecasting error model. From the point of view of power network 

planning. Literature [38-40] made a deep study on the distributed Photovoltaic capacity prediction and 

evaluation in the planning area, and put forward a method of distributed photovoltaic generation and 

spatial forecasting for active distribution network planning. 

4. PV User Demand Response 

From the above analysis, distributed photovoltaic power grid will bring a variety of adverse effects on 

PV, on the basis of accurate analysis and prediction of photovoltaic output, the demand response in PV 

user group can improve the self-elimination rate of PV power and effectively adjust the influence of PV 

output power on power grid [41]. 

In the research of demand response modeling of PV users, based on PV generation curve and demand 

response characteristics, literature [42] established the real-time pricing model and the user’s price 

response model. Combined with real-time pricing and user response model, the realization method and 

process of load transfer were constructed, which encouraged the user to transfer the transfer load to the 

photovoltaic power generation and increase the net load value of PV output period. Under the 

peak-Valley time-sharing price, literature [43] constructed a multiple-time tariff response model based 

on the energy price elasticity matrix, and put forward the strategy of energy charging and discharging 

and the optimal operation of optical storage micro-network. Literature [44] took the load curve minus 

the equivalent load curve obtained from the PV curve as the optimal object of the time-sharing price, and 

established and solved the optimization model of the peak-Valley time-sharing electricity price. Based 

on the characteristics of users’ power, literature [45-46] constructed a multi buyer-seller pattern within 

the PV user group, combined with China’s distributed PV Internet policy, and put forward a 

demand-side response model based on game theory, and proved that the game problem has a unique 

Nash equilibrium strategy. Literature [47] presented an internal price model based on photovoltaic 

power supply and demand ratio (SDR). Based on the consideration of economy and comfort, the utility 

cost model of user participating in demand response was put forward. 

In the research of PV user price mechanism, literature [48] studied the user’s response to the price, 

and the marginal cost fixed price or the fixed price of the given rule was to develop the optimal pricing 

strategy by collecting the power generation and load of the whole cluster. Literature [49] studied the 

optimal operation of photovoltaic micro-power grids containing energy storage. Through the 

relationship between supply and demand in the micro-grid, this paper put forward the two pricing 

strategies based on the pricing rules, and gave two kinds of game models. Literature [50] for the 

Peak-Valley time-sharing electricity price and the ladder electricity price 2 kinds of mainstream 

electricity purchase policy, taking account of the factors such as the profit of electricity sales, the cost of 

buying electricity and government subsidy, the optimal dispatching model of grid-connected PV power 

system was established, which was based on the distribution ratio of surplus to the optimal variable and 

the user benefit. Literature [51-52] calculated the economical reasonable PV power price by establishing 

the net present value model, then according to the difference of the solar resource endowment and the 
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system construction condition in the domestic area, changed the electricity generation and the 

installment cost in the model to set up the PV network guiding price. 

The above research from the net present value, the game, the optimization and so on launches, has 

carried on the comprehensive and the detailed analysis to the PV user demand response modelling and 

the electricity price mechanism, has the important reference significance to the future research. 

However, the analysis of the response behavior characteristics of PV users is not deep enough to reflect 

the dynamic relationship between the electricity price mechanism and the user's power behaviour. 

5. Conclusion 

This paper sums up the current research situation from the aspects of the impact of large-scale 

grid-connected photovoltaic power supply on power grid, analysis and prediction of PV output 

characteristics and demand response of PV users. At present, most of the literatures on PV users’ 

demand response are based on the research of ordinary resident users, and the characteristics of PV users 

are not detailed and thorough enough, some models fail to consider the actual installation and operation 

of the distributed PV system. Then the paper offers the suggestions on the research point, to provide 

reference for the further study. 

1) In the study of distributed photovoltaic grid-connected, we should consider the safe and stable 

operation of power grid, and further research on grid-connected detection and grid-connected 

capacity control. 

2) In the study of PV user demand response, we should deeply analyze the user configuration of PV 

demand response behavior, to achieve the dynamic correlation with electricity price. 

3) We should discuss the influence of PV users’ consumption ability, economic level, and time and 

seasons on the usage of photovoltaic users, to make the research more realistic. 

4) We can further discuss the selection behavior of the user under the demand of response mechanism 

when combining PV with energy storage. 
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