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Abstract. The generation of solar power are known to be seriously influenced by many factors,
such as temperature, humidity, et al. These factors cause the fluctuations of solar power system.
This paper considers those fluctuations of different terms by using actual historical data and the
different distribution method. From the analysis and simulations, we find the fluctuation data for
different terms can fit different kinds of distribution functions, such Gaussian distribution, T
Location-scale, Histogram distribution, and Logistic distribution. Finally, the simulation shows the
method is effective and efficient.

Introduction

Nowadays, the utilization of renewable energy in the power system has deeply developed. The
solar system has a priority. For example, these renewable energies will share of 20% of the total
energy consumption by 2020 and 60 % by 2050 [1]. As knows, these renewable sources are highly
fluctuating for different time scales, see [2,3] and reference therein. For safety reason, we must
handle the situation and forecast the fluctuations and control them.

In traditional power plants, the inertia of fast rotating generators is utilized as an automatic
power reserve. This is done simply by speeding up or slowing down the rotating masses, keeping
the grid frequency within a narrow range around the nominal frequency. In the ENTSO-E £ grid, the
value of the nominal frequency is 50 Hz and the tolerated deviation from this value is £10 MHz [4].
Restoring the grid frequency to the nominal frequency, in current practice, is provided by traditional
frequency control, which has three categories: primary, secondary and tertiary frequency control, cf.
[5]. The primary frequency control is provided within a few seconds after the occurrence of a
frequency deviation. It provides extra power for stabilizing the system frequency (but not restoring
it to the nominal frequency [6]. The secondary frequency control acts after approximately 30 s and
restores both the grid frequency from its residual deviation and the corresponding tie-line power
exchanges with other control zones to the set-point values. Tertiary frequency control manually
adapts power generation and load set-points and controls the grid operation beyond the initial 15
minutes’ time-frame after a fault event has occurred.

In the background of replacing the successively controllable conventional power plants by
intermittent renewable power systems, there are several recent works studying the grid stability
under these new constraints [7-9]. One practical approach is that synchronous machines of old
power plants are still connected to the grid and providing the reactive power and inertia [10]. It has
also been a practical topic to study how the stability of the power grid can be kept in the lower
rotational inertia case (because of high penetration of renewable sources) using some faster control
reserves [11,12]. One possible option is to use battery storage providing primary control reserve, see
e.g. [13] for a very recent study on this topic.

PV output is affected by weather severely [1], when cloudy or overcast weather, the PV output
will appear violent fluctuations. [2-5] points out that the fluctuation of PV output is harmful to the
safety and stability of power grid. [6-8] propose that using energy storage equipment, the output
fluctuation of photovoltaic or wind power can be smoothed by a certain control strategy. Literature
[9] comes to the conclusion that when PV output appear large climbing rate, the irradiance curve
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closer to the PV output curve at 1H time scale through the statistical analysis of 100 photovoltaic
power system data, the satellite irradiance data and meteorological data in San Diego County of the
U.S. state of California. [10] Compares and analysis of the relevant provisions of the power quality
in photovoltaic grid connected standards at home and abroad. [11] Points out that the probability
distribution of wind power fluctuation characteristics can be described by the t distribution (t
location-scale) with the shift factor and the expansion coefficient. [12] Points out that Gauss
mixture distribution model is used to fit the rate of wind power variation, which has a good effect
on the probability density. The distribution characteristics of wind power fluctuation at different
time and spatial scales are analyzed quantitatively in [13].

In this paper, based on a large number of statistical calculations of the historical data of
photovoltaic power station using MATLAB software, the fluctuation of PV output is analyzed
deeply. The fluctuation level of PV output is analyzed quantitatively, and the probability density
fitting of various distribution functions is carried out by using the fluctuation data of the PV output
at different time scales, and compare the fitting effect and research PV output fluctuations
characteristic of random distribution.

Influence of the Output Fluctuations of Grid Connected Photovoltaic Power Generation on
Power Grid

The fluctuation of photovoltaic is one of the important reasons that affect the development of
photovoltaic, and the influence of output fluctuation of grid connected photovoltaic power
generation on power grid is mainly reflected in the following aspects:

(1) Effect on power quality. When the PV output fluctuation reaches a certain level, it will cause
the obvious fluctuation of the power grid voltage, also have a certain impact on frequency of
the power grid, when the PV output becomes small, the output of the grid connected inverter
is light load, and the current harmonic is increased.

(2) Impact on power grid planning. PV output has fluctuation and its fluctuation is random,
which cannot meet the requirements of power supply stability, continuity and reliability of
power grid, the power grid needs to have enough spinning reserve to adjust, while the
fluctuations of PV output will cause a certain degree of transmission and distribution
equipment capacity waste, which brings the challenge to the rational planning of grid.

(3) Influence on power grid operation and scheduling. In order to ensure the stability of power
grid operation and power quality, it is required to suppress the fluctuations of PV output and
put forward higher requirements to the operation control of power grid. PV output
fluctuations caused load forecast certain difficulties, increasing the difficulty of the power
grid scheduling.

In order to reduce the impact of PV output fluctuations on the power grid, set strict requirements
for grid-connected PV power fluctuations, table 1 and table 2 are the national standard and the
enterprise standards of State Grid Corporation of China (SGCC) respectively which is aimed at grid
connected photovoltaic power fluctuation.

Tablel Technical regulation of grid connected photovoltaic power
fluctuation in national standard *“

Installed capacity of

photovoltaic power Maximum limit of active power in Maximum limit of active
generation/MW 10min/MW power in Imin/MW
<30 10 3
30~150 Installed capacity/3 Installed capacity/10

>150 50 15
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Table2 Technical regulation of grid connected photovoltaic power
fluctuation in SGCC enterprise standard !

Type of power station Maximum limit of active power in  Maximum limit of active
10min/MW power in Imin/MW
Small Installed capacity 0.2
Medium Installed capacity Installed capacity/5
Large Installed capacity/3 Installed capacity/10

In table 2, the type of power station is divided according to the voltage level of the photovoltaic
power station connected to the power grid, small, medium and large photovoltaic power plants
connected to the grid photovoltaic power plant respectively through 380V, 10kV ~ 35kV, 66 kV and
above voltage. From table 1 and table 2 can be seen that the technical requirements of photovoltaic

power fluctuations of national standards are more stringent relative to the national Power Grid Corp
enterprise standards.

The Fluctuation Level of PV Output

In this paper, a 40MWp photovoltaic power plant is used as a sample to analyze the annual
output active power data. Since PV output only in the daytime, at night, it does not contribute, so
need to intercept the PV output data. Interception of the PV output data of the daily 5:30 ~ 19:30
light period for analysis.

Figure 1 is an output curve graph of photovoltaic power station of one day, it can be seen from

the figure, PV output has obvious volatility, fluctuation can exceed 50% of the installed capacity in
short time.
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Fig.1. The output curve of PV power station in one day
Figure 2 is the single day output curve under sunny ,cloudy, overcast, rain and snow four
different types of weather of photovoltaic power station , it can be seen that the weather has a
significant impact on the level of fluctuations in the PV output, when sunny weather PV output is
stable, when cloudy and overcast weather affected by cloud cover, PV output has a larger
fluctuation, fluctuation can exceed 50% of the installed capacity in short time, when rainy and snow

weather , the overall level of photovoltaic output is very low, the output fluctuation is smaller than
that of cloudy and overcast weather.
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Fig.2. The PV output curves under different weather
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Table 3 Statistics for Maximum fluctuation of PV output at 1 min, 10 min, 60 min three-time
scale. It can be seen that with the increase of time scale, the maximum fluctuation of PV output is
also increased. The maximum PV output fluctuation of 1min and 10min time scale seriously
exceeds the national standard for grid connected PV output power change regulation range.

Table3 Maximum fluctuation of PV output at different time scales

Time scale/min Maximum fluctuation/MW
1 16.10
10 29.74
60 34.54

Random Distribution Characteristics of PV Output Fluctuation

The fluctuation condition of PV output can be described by the 1 order difference component of
the active power of the PV output, 1 order difference component is the output power difference of
the adjacent sampling point. In this paper, the probability density function is used to describe the
randomness of PV output fluctuation. Probability density fitting of 3 kinds of distribution functions
to the PV output fluctuation data at different time scale and comparison and analysis. Formula (1) ~
(3) respectively give the probability densities expressions of the normal distribution, t location -
scale distribution and logistic distribution.

~(x-u;)?

1 5
f(x)= g 29 (1)
(x) o o
Here u; is the mean value and o1 is variance.
2
f(X) — 1—‘(‘/4—]/2) [V+(X—U2/(72) ]—v+]/2 (2)

o, v (v/2) 14

Here u, is position parameter, o° is scale parameter and v is shape parameter.

X—Ug

f(x) __ e (3)

o,(1+e =)

Here u3 is position parameter and o3is scale parameters.

Figure 3 are the PV output fluctuation probability density curves of the PV output fluctuation
data which is fitted respectively by the normal distribution, t location-scale distribution and logistic
distribution at 1 min, 10 min, 60 min time scales.

In order to evaluate the fitting effect of probability density, the reasonable evaluation index is
defined. The expression is:

. =dzi<yi ~m,)? (4)

In the formula: d is the group distance of the frequency distribution histogram,i=1, 2, ..., n;nis
the number of packets in the histogram; y; is the fitting probability density value of the ith center
position of rectangular column; m; represents the height of the ith rectangular column of data
frequency distribution histogram .The smaller the indicator I, the better the effect.

Table 4, Figure 4 statistics of the fitting index comparison of PV output fluctuation probability
density which is fitted by the normal distribution, t location-scale distribution and logistic
distribution at different time scales.
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Fig.3. Comparison of probability density of PV output fluctuation at different time scales
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Table 4 Comparison of different probability density function of PV output fluctuation under
different time scales

Time scale/min t location-scale normal distribution logistic
1 0.1197 0.1601 0.0711
2 0.0372 0.1030 0.0437
5 0.0130 0.0796 0.0392
10 0.0035 0.0246 0.0120

20 0.0027 0.0149 0.0052
30 0.0021 0.0104 0.0050
40 0.0025 0.0046 0.0028
50 0.0019 0.0037 0.0021
60 0.0032 0.0034 0.0015
90 0.0037 0.0039 0.0019

It can be seen from Figure 3, figure 4 and table 4 that when the data time scale is the minimum
1min, the PV output fluctuation probability density fitting effects of three kinds of distribution
functions are all poor, logistic distribution fitting effect is relatively good, within 2 ~ 60 minutes
time scale, With the increase of data time scale, the fitting effects of the 3 kinds of distribution
functions are better and more stable, The fitting effect of t location-scale distribution is the best of
all, When the time scale is not less than 60 minutes, fitting results of logistic distribution is slightly
better than the other two distribution functions. The fitting effect of the normal distribution is worse
than that of the other two kinds at different time scales, but as the time scale increases, the fitting
effect is gradually changed for the better, with the increase of the time scale, the probability
distribution of the PV output fluctuations is closer to the normal distribution.
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Fig. 4 Comparison of the fitting parameters of photovoltaic output fluctuation
under different probability density function at different time scales
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Conclusions

Based on the historical data of photovoltaic power station, this paper analyzes the characteristics
of photovoltaic output fluctuation at different time scales. The fluctuation level of PV output is
analyzed quantitatively, and the random distribution characteristics of PV output fluctuation are
studied by probability density fitting method, and the following conclusions are obtained:

(1) With the increase of time scale, the maximum fluctuation of PV output is also increased.

(2) The PV output fluctuation probability density fitting effects of three kinds of distribution
functions are all poor at 1min time scale, and logistic distribution fitting effect is relatively good.

(3) Within 2 ~ 60 minutes’ time scale, the fitting effect of PV output fluctuations probability
density which is fitted by t location-scale distribution is the best of all.

(4) When the time scale is not less than 60min, fitting result of PV output fluctuation probability
density which is logistic distribution is slightly better than the other two distribution functions.
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