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Abstract  

In connection with the relevance of the Solar power plants (SPP) performance forecasting, research on the forecast effectiveness based on 

numerical weather forecast (NFP) was carried out. The SPP in the Yaylyu village (Altai Republic) was chosen as a model. The forecast 

accuracy of the SPP performance (root-mean-square error) was about 13-14%. The artificial neural networks using to improve the quality 

of the performance forecast did not give a significant decrease in the error, in contrast to similar researches conducted for SPP in the 

Moscow region. It is important to investigate the climatic conditions influence on the forecast accuracy 
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1 Introduction 

With the increase in the solar generation share, it becomes 
more and more important to maintain a power and energy 
balance in the power grids. Since SPP cannot guarantee the 
electric power generation at a precisely specified time, 
therefore, the forecast of the generated and supplied to the 
grid energy is extremely relevant. In contrast to the foreign 
conditions of the SPP functioning, when forecast errors lead 
to significant profit losses and an increase in the payback 
period of projects, in Russia (currently and until 2024) the 
main profit is made up of capacity payments, which 
mitigates the consequences of productivity forecast errors. 

One of the methods used to SPP performance forecast is 
based on modeling the solar power plants using numerical 
weather forecasts (forecasting the insolation incident and 
temperature in the surface air layer). In this case the result is 
determined by the NWP accuracy, and it can be low both in 
terms of temporal and spatial resolution. Therefore, it 
becomes necessary to refine the NWP in terms of 
forecasting solar radiation, which can be carried out using a 
combination of different methods. For example, by 
combining NWP forecasting with machine learning 
methods. 

2 Features of the electricity market, including 
renewable energy plants, in the Russian Federation 

The importance of an accurate forecast for SPP in Russia is 
determined by the state support measures and the Rules for 
the Wholesale Market of Electric Energy and Power that are 
currently in force for renewable energy plants. The system 
of subsidizing the use of renewable energy for plants 
connected to the Unified Energy System of Russia works in 
such a way that most of the proceeds (95 ... 99%) of solar 

power plants are payments for the supply of capacity. 
Nevertheless, the sale of generated electricity on the 
wholesale market must comply with the rules, among which 
one of the most important is the day-ahead price bid. It 
represents the hourly forecast of the station's output for the 
next day, submitted before 13:30 Moscow time of the 
previous day (the maximum forecast horizon is 36 hours). If 
the actual output deviates from the price order for the day 
ahead within ± 10% of the installed capacity, solar power 
plants are not penalized. Their losses from non-fulfillment 
of the dispatch schedule consist of: 

- lost profits when actual production exceeds the 
permissible deviation range of deviations (10% of the 
installed capacity); 

- losses caused by the accrual of a negative imbalance in 
the balancing market proportionally to the deviations of 
generation in excess of the permissible range. 

Lost profit arises due to the fact that excess energy is 
paid at a very low tariff (1puble / MWh), and losses from 
negative imbalance are due to the difference between the 
day-ahead market price and the price indicator of the 
balancing market. 

3 Materials, methods and results  

To implement a hybrid approach to predicting the SPP 
performance, an autonomous solar power plant in the village 
of Yaylyu of the Altai Republic (SPP Yailyu) was used as a 
model, for which a significant array of productivity data and 
solar radiation was accumulated. An autonomous hybrid 60 
kW solar-diesel power plant includes 496 thin-film PV 
modules manufactured by Hevel [1] and 9 network inverters 
SMC 7000HV-11 [2] manufactured by SMA Solar 
Technology AG [3]. SMA controllers and inverters are 
equipped with telemetry systems, which allows the user to 
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access the power plants indicators through a special Internet 
portal (https://www.sunnyportal.com). 

To validate the NWF based Yailu SPP performance 
forecast, the ICON-EU model radiation arrival forecasts 
(German Weather Service (DWD) and the Max Planck 
Meteorological Institute of the University of Hamburg 
(MPI-M)) were used. The TRNSYS system was used to 
simulate the SPP operation. 

The error in predicting the hourly electricity generation 
based on the radiation flux density normalized to 1000 W / 
m2 in the PEM plane, calculated according to ICON data, 
was: winter – 17%, spring – 16%, summer – 18%, autumn 
– 17%. At the same time the forecast accuracy individual 
hourly values of production is low, namely, they determine 
the economic effect of forecasting, which, along with the 
root-mean-square error, can be used as a metric of forecast 
accuracy. 

Large errors in solar radiation forecasting as part of a 
numerical weather forecast force us to look for other 
forecasting methods, in particular, statistical. As noted in [4], 
in the absence of monitoring of meteorological conditions at 
SPP, the problem of predicting the solar radiation is most 
accurately solved using artificial neural networks (ANNs). 
To improve the forecasting accuracy, various combinations 
of geographical and meteorological factors are selected as 
input parameters of the INS. In this case, the selection of the 
most significant factors is important, however, the task of 
determining the optimal set of factors has not yet been 
solved [5]. 

In the present studies, the prediction of solar radiation 
daily sums was carried out using a multilayer ANN (4 
hidden layers) with a sigmoid activation function trained by 
the backpropagation method. The input of the ANN was 
supplied with daily sums of total solar radiation on the 
horizontal surface for 28 days (28 input neurons), and the 
output was a forecast for the 29th day (1 output neuron). As 
additional values taken into account, the declination of the 
sun, the season and a number of meteorological parameters 
were used. 

When forecasting by the statistical method the 
performance of the SPP Yaylu actinometric data were 
divided into 2 parts: one part for the period from 08.03.2013 
to 14.01.2020 was used to train the statistical forecast model. 
The second part of the data (from January 15, 2020 to 
November 30, 2020) was compared with the statistical 

forecast of daily solar radiation sums in the inclined plane 
and the ICON NWF solar radiation sums recalculated into 
the inclined plane for the same period. To improve the 
forecast accuracy in some configurations of statistical 
models, additional parameters from the NASA POWER 
database were added to 28 input neurons: sun declination, 
season, pressure, specific humidity, relative humidity, total 
precipitation, wind speed (min, max and average). 

As a result, the forecast error (root-mean-square error) 
of daily solar radiation sums according to the statistical 
model for SPP Yailu was more than 25%. Since the forecast 
based on NWF gave an error for the incoming solar 
radiation much lower. The calculations of productivity and 
estimates of the financial losses of the station due to the 
inaccuracy of the statistical forecast were not carried out. 

4 Conclusion 

In connection with the solar energy development and the 
current conditions of the wholesale electricity and capacity 
market, forecasting the solar power plants performance in 
the Russia climatic conditions is becoming an important 
scientific and technical task. To test the forecasting methods, 
a hybrid approach was used to predict the solar radiation and 
the productivity of SPP in the village of Yailu (Altai 
Republic). It have been shown that the mean square forecast 
error based on ICON NWF data is significantly lower than 
the error of statistical models based on neural networks. The 
minimum root-mean-square error of the NWF forecast is 
13 ... 14%, the minimum losses from non-compliance with 
the dispatch schedule are 15 ... 20%. A statistical forecast 
using a multilayer ANN even for daily amounts of solar 
radiation gaves an error of more than 25%. At the same time, 
a similar hybrid forecast for the climate conditions of the 
Moscow region gave more encouraging results of the ANN 
application, which poses the problem of studying the 
climatic conditions influence on the possibility of using the 
described approach to predicting the SPP performance. 
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