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Analysis and prediction of photovoltaic
output power fluctuation based on
plateau meteorological impact factor

In order to study the characteristics of plateau photovoltaic (PV) output power, the fluctuation
analysis and prediction of photovoltaic output power in one area of Tibet are performed in this
paper, where the winter and summer seasons are focused, respectively. Meanwhile, the EEMD-BP
model was established. Based on the fluctuation analysis and 15-day forecast of the output power
of a PV power station in the ezamined area, six cases are categorized and evaluated. That is, the
temperature is the average of the fluctuation, the irradiance is the change, the temperature is the
change, the irradiance is the average of the fluctuation, the temperature is the change, and the
irradiance is the change. The results show that when the temperature variation is only considered
and the irradiance is the average value of the fluctuation in the winter, the PV output power is more
accurate and the fluctuation is close to the original value; when the temperature variation and the
irradiance variation is considered in the summer, the output power has the best prediction accuracy

and smooth fluctuations.
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1. Introduction

The energy crisis and environmental pollution problems have become increasingly
prominent with the rapid development of economy in China. Therefore, it is necessary to
develop and utilize clean energy, such as solar energy, wind energy and so on in order to
achieve sustainable economic development. Because of its abundant solar energy
resources, Tibet will be built into a national clean energy base to make full use of this
advantage. In the past decade, the grid connected installed capacity of photovoltaic (PV)
power stations there has been increasing, and the new installed capacity will reach
1,000,000KW in 2020. PV output power is easy to be affected by meteorological factors,
and strongly fluctuated and random, which has a certain impact on the safe and stable
operation of the power system, which in turn also harms the consumption of photovoltaics.
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As a result, there is a necessityto carrying out fluctuation analysis and prediction of PV
output power in order to overcome these problems.

At present, the research on the fluctuation of PV output power mainly focuses on the
impact of meteorological factors, the negative impact on the grid, and the impact on the
output power prediction of PV power stations[1, 2]. In reference [2], the correlation
between the main meteorological factors and their influence on the PV output power is
summarized through the zonal sensitivity, regression analysis based on SPSS software,
path analysis and so on. In reference [3], Pearson correlation coefficient analysis method is
used to reveal the main factors affecting PV power generation; fuzzy clustering theory is
used to build similar days; and a support vector regression model is established to predict
the short-term PV output when meteorological data is weakly related to PV output. In
reference [4], a prediction model of PV output power is built based on the measured data,
and the regression analysis shows that solar radiation has the most significant impact on the
PV output power, and the impact of air quality on the PV output power in this area cannot
be ignored. In reference [5-7], based on a large number of measured data, using a variety of
probability models such as generalized Gaussian distribution and finite element hybrid
model, the characteristics of PV output power fluctuation in different time scales are
modeled, and the output power fluctuation law of PV power station is quantitatively
analyzed, which is conducive to improving the penetration of PV grid connection. Tibet
has unique natural environment and climate characteristics (with large temperature
difference), and the PV output power there fluctuates greatly. Therefore, it is an urgent
problem to accuratelyanalyze and predict the PV output power fluctuation in Tibet.

In this paper, taken a PV power station in Tibet is firstly as the research object, and then
the influence factors of the output power under the seasonal characteristics of the plateau
are analyzed based on the measured output power data, and finally an accurate EEMD-BP
model is established to analyze the fluctuation and carry out a short-term prediction of the
PV output power. The results show that the prediction accuracy of PV output power in
winter is the highest, RMS error is 1.915, and the fluctuation is gentle when the
temperature variation and irradiance are the average of the average of the fluctuation; and
the prediction accuracy of PV output power in summer is the highest, RMS error is 1.830,
and the fluctuation is close to the original value when the temperature variation and
irradiance are the change.

2.Factors influencing PV output power under seasonal characteristics of plateau

There are many factors that affect the PV output power, among which the
meteorological factors (temperature, irradiance, etc.) have a greater impact.According to
the seasonal division in reference [8], Tibet has the plateau season of equivalent summer
and winter.In this paper, the influence of meteorological factors is studied. The irradiance,
temperature and PV output power of a PV power station in Tibet in winter are selected for
analysis. The data used are from Tibet meteorological station.The PV output power from
October 1, 2017 to September 30, 2018 was selected, with 15 minutes as the time step.
Taking April 30, 2018 as the dividing point, the meteorological factors (temperature and
irradiance) related to PV output power in winter and summer were analyzed to explore the
impact of irradiance and temperature variation on PV output power.
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2.1.Influence factors related to PV output power in winter

The average minimum temperature in winter in this area is —3°C- —6°C. The sunshine
time is short and the total radiation amount of the sun is small.Figure 1 shows the curves of
the PV output power and radiation intensity on a certain day in the actual measurement of a
PV power station.It is observed from the figure that the change of solar irradiance in the
curve in winter is roughly the same as that of PV output power. The PV output power
fluctuat with the change of irradiance. During this period, the irradiance corresponding to
the point where the maximum output power appears is 390W/m”, and the output power
reaches 6.06kW.At the same time, in the sampling interval of 15 minutes, the
corresponding irradiance fluctuates greatly. The maximum fluctuation of output power at
the DC side of PV power station is as high as 6kW, about 99% of the maximum output
power.Further, Pearson correlation analysis shows that the correlation coefficient between
irradiance and PV output power is 0.88, indicating that irradiance and PV output power are
closely related, and the impact of environmental temperature on the output power of PV
power station is mainly reflected in the change of solar cell electrical performance with the
variation of temperature.As the solar irradiance has a direct impact on PV power
generation, the greater the solar radiation intensity, the greater the output power, so it can
be used as an important technical index to predict PV power generation.
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Figure 1: Irradiance and PV output power in winter

Figure 2 shows the curves of the PV output power and temperature on a certain day in
the actual measurement of a PV power station. Here, the PV power station uses polysilicon
solar cells. It is observed that the change of PV output power curve differs greatly from the
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temperature curve, the output power decreases greatly with the increase of temperature,
and that the correlation coefficient between temperature and PV output power is 0.73,
indicating that temperature and PV output power are closely related. That is to say, the
output power of PV in winter is less affected by temperature.
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Figure 2: Temperature and PV output power in winter

2.2.Influence factors related to PV output power in summer

This area has an average temperature in summer of about 201, a sunshine duration with
a large total radiation amount of the sun.The PV output power is low in the morning and
evening, high at noon, and the irradiation time is concentrated in 07:00-20:00.Figure 3
shows the curves of the PV output power and radiation intensity on a certain day in the
actual measurement of a PV power station. It is observed from the figure that the change
trend of irradiance is basically consistent with that of the PV output power in summer when
the maximum output power point appears, with the corresponding irradiance of
1,072W/m” and the output power of 10.71kW. That is, when the PV output power reaches
the highest value, the irradiance also reaches the maximum value.The correlation
coefficient between irradiance and PV output power is 0.96, which shows that irradiance is
closely related to PV output power. At the same time, in the sampling interval of 15
minutes, the corresponding irradiance also fluctuates greatly. The maximum fluctuation of
the output power at the DC side of the PV power station is as high as 10kW, about 93% of
the maximum output power.As the solar radiation intensity has a direct impact on PV
power generation, the greater the solar radiation intensity is, the greater the output power
is, so it can be used as an important technical index to predict PV power generation.
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Figure 3: Irradiance and PV output power in summer

Figure 4 shows the curves of the PV output power and temperature on a certain day in
the actual measurement of a PV power station. It is observed from the figure that the time
when the peak value and bottom value of temperature appear is close to that of PV output
power in summer, and the change trend of PV output power curve is basically the same as
the temperature curve. The correlation coefficient between temperature and PV output
power is 0.88, which indicates that temperature has a close relationship with PV output
power, that is to say, the PV output power in summer is greatly affected by temperature.
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Figure4: Temperature and PV output power in summer
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The above analysis shows that the curve trend of irradiance and PV output power in
winter is basically the same as that in summer, but the change trend of temperature curve
and PV output power curve in winter shows that the temperature in winter has less impact
on PV output power. In summer, the trend of irradiance, temperature and PV output power
curve is basically the same, and the temperature curve and PV output power curve have the
same trend of change, and the irradiance curve is weakened to some extent by comparison.

3.Short-term prediction of PV output power

3.1. Model theory

In view of the fluctuation and randomness of PV output power, EEMD is used to
decompose the original data to obtain limited and more stable components, which
overcomes the problems of over envelope, under envelope, mode overlapping state,
end-point effect of EMD decomposition, and BP algorithm is used to overcome the
problems of slow learning speed and local minimum points.The combination of thetwo
algorithms has both advantages and does not increase the calculation time of the algorithm,
so the two are fused. The results show that the predicted value after EEMD decomposition
has higher accuracy and smaller error, which shows the practicability of EEMD-BP model
in short-term prediction.

3.1.1.EEMD Ensemble empirical mode decomposition EEMD

In order to avoid mode liasing under abnormal conditions, the method oesemble
empirical mode decomposition (EEMD) [9] is introduced, which avoids that the upper and
lower envelope lines obtained in EMD decomposition contain both the real local envelope
lines and the local envelope lines under abnormal conditions due to the existence of
abnormal data, thus resulting in the mode aliasing of IMF components.

EEMD method, based on EMD, introduces two important parameters: white noise
amplitude and EMD decomposition times.EEMD makes use of the fact that Gaussian
white noise is still continuous in different scales and frequencies, and introduces it on the
basis of the original signal to suppress mode aliasing. Almost the same as EMD algorithm,
the original signal x(¢) of EEMD algorithm is given and introduced to white noise. Firstly,
EMD algorithm is used to decompose the original signal with white noise for many times,
and the IMF vector and residual components after decomposition are lumped to get the
average value.

3.1.2.BP Artificial neural network BP

The advantage of neural network lies in extracting and approaching the nonlinear
relationship between input and output through learning. In its training, only input data is
needed, instead of complex assumptions for input data.BP neural network has one input
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layer, one or more hidden layers and one output layer. Each layer has multiple neurons.
The function of the neurons between layers is to realize weight connection, because the
neurons in the same layer are not connected.

3.2.Data processing

Because the PV output power and meteorological data change greatly every day, the
load data, temperature data and weather change index cannot directly enter the input layer
of BP neural network, so the mapminmax function is used for normalization processing in
order to reduce the workload of BP network and make the prediction accurate.

3.3.Model verification

The model for EEMD-BP neural network ensemble is mainly divided into four steps,
and the model flow chart is shown in Figure 5.

Variation of PV output power
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Figure5:PredictionmodelofEEMD-BP

The variation range of PV output power in 150 days (one sampling point every 15min,
96 points every day, and find out the difference between the maximum value and the
minimum value, the dimension is MW) and meteorological factor (same as the processing
method of output power) of a PV power station in Tibet were selected as samples, among
which the output samples and meteorological factor samples in the first 135 days were used
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as training samples, and the load samples and meteorological factor samples in the last 15
days were used as control samples;

EEMD method was used for decomposition and combination.After EEMD
decomposition of meteorological data, 7 groups of IMF components with different
frequencies and 1 group of residual components were obtained.Taking a certain day as an
example, eight groups of 135x3 data were obtained by the combination of IMF1, IMF2,
IMF3, IMF4, IMF5, IMF6, IMF7 and residual trend components (RFE) after EEMD
decomposition;

BP neural network prediction.The prediction results were integrated (accumulated) and
predicted in winter and summer respectively, taking into account the influence of
temperature, irradiance and other factors;

Result interpretation. The prediction results were plotted and the error was analyzed.In
order to explore the prediction accuracy of the variation range of PV output power in
various cases, the mean absolute error (MAE), root mean square error (RMSE), mean
absolute percentage error (MAPE) were taken as the measurement indexes [10,11], and the
prediction results error of the model was calculated.

3.4.Establishment of EEMD-BP to predict PV output power and fluctuation analysis

There are three scenarios (six scenarios in total) in winter and summer in the plateau
seasonal climate: (1) temperature is the average value of fluctuation, and irradiance is the
fluctuation; (2) temperature is the fluctuation, and irradiance is the average value of
fluctuation; (3) temperature is the fluctuation, and irradiance is the fluctuation. EEMD-BP
prediction model was established for prediction, and each scenario was tested 30 times
independently, and the prediction results were counted. The prediction error analysis is
shown in Table 1, and the prediction curves are shown in Figure 6 and Figure 7.
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Figure 7: Three scenarios prediction curves in summer

Table 1 shows that the MAPE of the six scenarios are 13.68, 7.7, 10.0, 0.4, 0.4 and 0.3,
respectively. Among them, the impact of temperature change on output power prediction
was not considered in scenarios 1 and 4, and the prediction effect was poor; the impact of
irradiance change on output power prediction was not considered in scenarios 2 and 5, and
the prediction effect was poor. However, when the influence of irradiance change on
output power was not considered in winter, the prediction accuracy was higher; when the
influence of both changes was considered in summer, the prediction accuracy of output

power was higher.

Tablel:Predictionerror analysis

Winter Summer
Indexes
Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6
RMSE 2.146203 1.915703 1.937072 2.084526 2.374955 1.830794
MAPE 13.68275 7.760604 10.04957 0.47056 0.449982 0.395541
MAE 1.431756 1.592464 1.497736 1.824671 1.764574 1.555273

4. Conclusions

First of all, the direct impact and indirect interaction of various meteorological factors
on the PV output power are analyzed through SPSS and other software based on the output
power recorded by a PV power station in Tibet meteorological station and the
meteorological data collected in the same period. Then, the annual data are divided into
winter and summer for seasonal output analysis according to the seasonal characteristics of
the plateau. Finally, an EEMD-BP model is established to predict the short-term PV output
power under different scenarios. The following conclusions are drawn:
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(1) Solar irradiance and temperature are still the main meteorological factors that have a
great impact on PV output power under the seasonal characteristics of plateau. Among
them, irradiance has a great influence on the output power in winter, and temperature is not
particularly obviously related to the PV output power; the correlation between solar
irradiance and temperature and PV output power in summer is significantly higher than
that in winter, and the correlation between solar irradiance and PV power is the strongest in
summer.

(2) The PV output power fluctuates with the change of irradiance in winter, which is less
affected by temperature. The corresponding irradiance is 390W/m?, and the output power is
6.06kW. The maximum fluctuation of the output power at the DC side of the PV power
station is as high as 6kW, about 99% of the maximum output power.In summer, the change
trend of PV output power curve is basically the same as that of irradiance and temperature
curve. PV output power fluctuates with the change of irradiance and temperature. The
corresponding irradiance is 1,072W/m’ and the output power reaches 10.71kW. The
maximum fluctuation of the output power at the DC side of the PV power station is as high
as 10kW, about 93% of the maximum output power.

(3) Aiming at the fluctuation of PV output power, an EEMD-BP model is established to
predict the short-term PV output power. In considering the influence of seasons and
meteorological factors on the prediction of PV output power, when the temperature
variation is only considered and the irradiance is the average value of the fluctuation in the
winter, the PV output power is more accurate and the fluctuation is close to the original
value; when the temperature variation and the irradiance variation is considered in
summer, the output power has the best prediction accuracy and smooth fluctuations.

The above study provides a way to analyze the output power fluctuation and short-term
prediction of PV power stations under plateau meteorological conditions in Tibet.

Acknowledgement

The work was financially supported by Project of Regional Natural Science Foundation
(no. XZ202101ZR0107G).

References

[1] Y. Y. Zhao, Correlation analysis of photovoltaic power generation efficiency and
meteorological impact factors, Master Thesis, Lanzhou Jiaotong University, Lanzhou, China,
2016.

[2] 1. Guo, Correlation analysis between generation power of grid connected photovoltaic power
station and its main meteorological influence factors,Master Thesis, North China Electric
Power University, Beijing, China, 2013.

[3] C.Du,X.B.Xu,Z. Q.Liu& W. X. Liu, Short term prediction of photovoltaic output with weak
correlation of meteorological data,Modern Power, 32(6), 1-6, 2015.

[4] S.B.Hou, K. H. Wang, K. B. Shi, L. Kong & A. L. Zhang, Regression analysis of output power
of photovoltaic power generation system considering winter meteorological factors, Advances

in New and Renewable Energy, 5(5),403-408, 2017.

352



C.He et al: Analysis and prediction of photovoltaic output power fluctuation based on plateau
meteorological impact factor

[51 F.Li, C. Y. Li Q Q. Yan, J. Xu, L. B. Sun & X.W. Yang, Probability distribution of
photovoltaic power fluctuation characteristics at multiple time scales,/nternational Journal
Hydroelectric Energy, 36(12), 221-224, 2018.

[6] F. Wang, Generation power prediction method and system of grid connected photovoltaic
power station,Ph.D. Thesis, North China Electric Power University, Beijing, China, 2013.

[71 L. Rao&C. L. Ji, Temperature and concentrating characteristics of triple junction solar cells
under AMO spectrum,Journal of Zhejiang University (Engineering Edition), 49(12),
2269-2275, 2015.

[8] C. Han, D. P. Ding&X. Li, Temporal and spatial distribution of Phenological Seasons in
China,2008 Annual Meeting of Chinese Meteorological Society, Beijing, pp. 1-7, November,
2008.

[91 N.E.Huang,Z. Shen& S. R. Long, Anew view of nonlinear water waves:the Hilbert spectrum,
Annual Review of Fluid Mechanics,31, 417-457, 1999.

[10] H. Chen, Power Load Forecasting Using Modern Time Series Analysis Method [monograph],
China Electric Power Press, Beijing, 2015.

[11] M. Yang&Q. Q. Yang, Summary of wind turbine wind power characteristic curve

modelling,Electric Power Automation Equipment, 38(2), 34-43, 2018

353



© 2022. This work is published under
https://creativecommons.org/licenses/by/4.0/legalcode(the“License”).
Notwithstanding the ProQuest Terms and Conditions, you may use this
content in accordance with the terms of the License.



