
Statistical processing of data from the operation of a photovoltaic power plant 
   

Svilen Rachev1, Raul Turmanidze2,  Vazha Shilakadze2  
1Technical University – Gabrovo, Bulgaria 

2Georgian Technical University (GTU) – Tbilisi, Georgia 

sratchev@mail.com, inform@gtu.ge, Vazhashilakadze@gmail.com 

Abstract: The paper deals with an operating photovoltaic plant in Bulgaria. The wide application of photоvoltaic plants in the energy 

system is known. At the same time, subject matters about their normal functioning are fundamental. The goal of the paper set is to analyze 

data from the operation of a photovoltaic power plant , which is ultimately related to improving its behavior. Relevant conclusions have been 

dоne. 

Keywords: SOLAR ENERGY, PHOTOVOLTAIC SYSTEMS, DATA PROCESSING, SYSTEMS OPERATION, STATISTICS   

 

1. Introduction 

The development and level of energy resource usage largely 

determine the standard of living of any industrialized nation. In 

doing so, the most state-of-the-art technologies, materials, and 

production methods must be applied.  

The use of so-called ‘renewable energy sources’ (RES) in the 

world is constantly growing. The goals are to achieve sufficient 

productivity with rational energy consumption and compliance 

with environmental pollution norms.  

For many years, the usage of solar energy has been a matter of 

great importance. Standard energy resources such as oil, natural 

gas and coal are gradually being depleted, and new deposits are 

being developed less and less, as they either have small estimated 

reserves and will be very expensive to extract, or are too deep, 

which also makes extraction more expensive. The other important 

point is the pressing issue of protecting the environment from 

technological pollution when using traditional methods of energy 

extraction [1]. 

An essential problem of humanity is the production of 

electricity. Obtaining electrical energy from nuclear power plants 

(NPPs) is by no means the best alternative to thermal power plants 

(TPPs), as there is a danger of nuclear contamination, and the life 

of the NPPs themselves is limited to certain years, after which they 

must be ‘buried’ in expensive facilities. Hydroelectric power 

plants (HPPs), on the other hand, are of limited application due to 

the specific conditions they require. Moreover, for all these 

sources of energy, a lot of funds are needed for their maintenance.  

Probably most knowledgeable people know that the end of 

‘petroleum humanity’ is approaching. A real shortage of liquid 

fuels will occur. That is why, in recent decades, scientists from all 

over the world have focused their efforts on the development and 

implementation of technologies for the extraction of energy from 

RES.  

One of the developing directions is solar energy usage. The 

huge amount of solar energy reaching the Earth and its immediate 

conversion into electricity is not only ecologically clean but could 

also satisfy a significant part of all current and future needs of 

humanity. The production of electricity from the sun is among the 

most current directions in the development of modern energy and 

has many advantages. 

In addition, the Renewable Energy Directive RED II 

(Directive on the promotion of the use of energy from RES) 

together with the European Green Deal are driving a radical 

rethink of energy investment across the EU [2, 3].  

Bulgaria can be divided into different sunny zones, with the 

average annual duration of sunshine being about 2150 hours (about 

49% of the maximum possible). Although 77% of its territory is 

occupied by forests, arable land, and nature reserves, the 

remaining territory could be used for solar power plants under 

certain conditions. 

 The geographical conditions of Bulgaria determine a resource 

of 1300‚1700 kWh/m2 average annual radiant flow (amount of 

radiant energy for all wavelengths falling on a unit area of the 

country's surface). There are three pretenders for the sunniest city 

in Bulgaria - Velingrad, Sandanski, Chepelare in the last decade, 

but it is difficult to say exactly who is the winner. 

Regarding the situation in Bulgaria, attention should be paid to 

several starting points. The energy strategy foresees that in the 

coming years, the consumption of electrical energy will grow by 

about 2% per year. In the production of electrical energy for 2023, 

39.2% falls on TPPs, 40.2% on NPP ‘Kozloduy’, 7.7% on HPPs, 

8.3% on photovoltaic power plants (PVPPs), and 3.9% on wind 

power plants (WPPs) [4].  

On the other hand, the Energy Act of Bulgaria and the State  

Energy and Water Regulatory Commission guarantee a premium 

purchase of all electrical energy produced by RES at a preferential 

price, higher than the purchase price for the rest of the power 

plants in the country [5]. 

In connection with everything mentioned above, the goal of 

the paper is also set – to analyze data from the operation of a 

photovoltaic power plant, which is ultimately related to improving 

the behavior of these energy sources.  

2. Basic theoretical statements in statistical 

processing and data analysis 

Statistics is a mathematical subject that studies the extraction 

of information through the analysis and interpretation of empirical 

data using probability theory. Statistical activity also includes the 

planning and organization of data collection through surveys and 

experiments. Мathematical statistics arose in connection with the 

needs of empirical science and stand out from most branches of 

mathematics by its applied orientation. Statistical methods are 

applied in a wide range of fields, such as the natural and social 

sciences, public administration, and business [6]. 

One of the major subfields of mathematical statistics is 

descriptive statistics, which deals with the summarization of 

systematized data. It is of particular importance in empirical 

research and the description of experimental results. Through the 

methods of mathematical statistics, the data can be analyzed, and, 

based on this, conclusions can be drawn about the regularities 

contained in them. 

Below are some definitions specific to mathematical statistics 

given [7]. 

 Mass phenomenon – when certain regularities valid for the 

community of units as a whole are repeated in many individual 

phenomena. 

 Statistical aggregation – this is a collection of a large 

number of units (cases) that characterize the mass phenomenon. 

 Statistical signs – express the properties (qualities, 

manifestations, and relations) of the individual units of a given 

phenomenon, and in general statistical signs are qualitative and 

quantitative. 
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 Statistical units – these are the individual units (cases, 

representatives) that form the statistical aggregation. Through 

statistical grouping, the individual statistical units are distributed 

into groups, distinguished based on the observed signs 

characterizing the aggregation. 

 Statistical data – this is the collected, organized, and 

analyzed information necessary for the study of a given 

phenomenon. 
 Aggregation and sampling – accumulated data can 

generally be thought of as measurements of certain properties of 

objects selected from some large aggregation, and information 

about certain characteristics of items is recorded by sampling. 
 Characteristics of the location – there are several 

characteristics of the location of the empirical data set. The most 

common is the average (arithmetic mean) value, in short, it 

represents the value about which the entire empirical distribution 

can be ‘balanced’. For raw data (sample values) 
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The geometric mean value can also be used as a characteristic 

of the location. In the case of sample volume n , the geometric 

mean is defined as: 
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 Dispersion characteristics 

A commonly used characteristic of the dispersion is the 

arithmetic mean deviation δ, which can be absolute or relative: 

 absolute  
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One of the most commonly used characteristics of data 

dispersion is the root mean square deviation . First, the square of 

this quantity, called dispersion 2, has to be determined: 
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The root mean square deviation is defined as the positive 

square root of the dispersion: 
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3. Results obtained 

Following the set objective, below are presented processed 

data obtained from measurements of certain electrical quantities 

with static electronic electricity meters. Reported: voltage, grid 

frequency, active power, reactive power, solar radiation, air 

temperature, module surface temperature. The data is for a PVPP 

with peak power 25 MWp; location – N42.58674674328831, 

E25.46936206803762; electrical connection to the power system – 

110 kV; 2 pcs available step-up transformers by 16 MVA rated 

power; a combined module (circuit breaker + disconnector) used to 

save space by obtaining a small field; single-linear circuit of a 

switchgear 20/110 kV; solar inverters type PVS800-57 (100‚500 

kW); single PV modules type HR-240P-18-Bb with a power of 

240 W each. 

A general view of the considered PVPP is presented in Fig. 1, 

and in Fig. 2 – SCADA (control and monitoring system) screen. 

 
Fig. 1 General view of the PVPP considered. 

 
Fig. 2 SCADA screen for the PVPP considered. 

Part of the data available for one year is given in the Appendix 

– only for the daylight part of a particular day, during which 

generation of electrical energy is possible. The measurement 

interval (recording or sampling frequency) is 15 minutes, which 

means a significant amount of data (4 values in 1 hour, 96 values 

per day). 

Table 1 presents the results of the processing reported data 

during the operation of the PVPP, and the following figures show 

the graphical change of some quantities. The table and figures 

prepared, including calculation results, are implemented according 

to the rules of mathematical statistics [8]. Additionally, analytical 

expressions for approximating functions (polynomials) are 

derived, convenient for further calculations. 

 
Table 1: Statistical indicators for the PVPP considered 
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V 16124.02 520.13 494.12 94.99 512.69 

VI 16915.05 563.84 535.64 94.99 553.02 

VII 19020.63 613.57 582.89 94.99 601.46 

VIII 19129.22 617.07 586.53 95.05 605.23 

IX 16480.39 549.35 521.88 94.99 538.82 
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Fig. 3 Change in arithmetic mean value of active power (year 2020). 
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Fig. 4 Change in absolute arithmetic mean deviation  

of active power δ (year 2020). 
. 
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Fig. 5 Change in root mean square deviation 

 of active power  (year 2020). 

 

4. Conclusions  

The treated topic is current, as the results of some 

developments in this area have not yet been put into practice.  

The processed real statistical set of statistical units, which are 

empirical data on the active and reactive power of a specific 

PVPP, allows certain regularities to be established based on the 

analysis. 

The dispersion measures arithmetic mean and root mean 

square deviation have been determined. It is necessary to clarify 

that statistical treatments use the data values as they are, and zero 

is also a value, not the absence of data. 

The root mean square and arithmetic mean deviations are the 

main characteristics of statistical distributions. These are called the 

parameters of the statistical distribution. The arithmetic mean 

deviation has the property of underestimating the differences 

compared to the standard deviation. The root mean square 

deviation acts as the most accurate and adequate measure of 

aggregation dispersion and is, therefore, the most widely used. 

Regarding dispersion, the aim is always to keep it to a minimum.  

Despite some inconveniences in the use of RES, the production 

of ‘green energy’ and its storage for later use will be at the heart of 

the sustainable energy of the future. 
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Appendix 

A piece of measured data for a specific time period 
PV Power Plant 

25 MWp 
Active power Reactive power 

Time stamp Current 
Value 

Average 
Value 

Integral 
Value 

Minimum 
Value 

Maximum 
Value 

Current 
Value 

Average 
Value 

Integral 
Value 

Minimum 
Value 

Maximum 
Value 

02/08/2020 06:30:00 -0.06 -0.07 -0.02 -0.07 -0.06 -0.02 -0.02 -0.01 -0.04 -0.02 
02/08/2020 06:45:00 -0.56 -0.28 -0.07 -0.56 0.00 -0.07 -0.02 -0.01 -0.07 -0.02 
02/08/2020 07:00:00 -1.06 -0.76 -0.19 -1.06 -0.56 -0.14 -0.10 -0.03 -0.17 0.17 
02/08/2020 07:15:00 -2.03 -1.68 -0.42 -2.08 -1.06 -0.11 -0.11 -0.03 -0.15 -0.07 

02/08/2020 07:30:00 -3.62 -2.85 -0.71 -3.62 -2.03 -0.12 -0.25 -0.06 -0.43 0.05 
02/08/2020 07:45:00 -4.98 -3.99 -1.00 -4.98 -3.61 -0.15 -0.15 -0.04 -0.38 0.15 
02/08/2020 08:00:00 -6.12 -4.81 -1.20 -6.12 -3.42 0.01 -0.03 -0.01 -0.33 0.18 
02/08/2020 08:15:00 -6.52 -6.67 -1.67 -6.88 -6.12 0.00 0.02 0.00 -0.35 0.20 
02/08/2020 08:30:00 -8.00 -7.11 -1.78 -8.00 -5.70 0.00 0.05 0.01 -0.21 0.21 
02/08/2020 08:45:00 -9.57 -8.76 -2.19 -9.57 -8.00 0.23 0.07 0.02 -0.22 0.45 
02/08/2020 09:00:00 -11.20 -10.30 -2.58 -11.20 -9.57 0.25 0.17 0.04 -0.45 0.50 
02/08/2020 09:15:00 -12.37 -11.80 -2.95 -12.37 -11.20 0.38 0.14 0.03 -0.38 0.75 

02/08/2020 09:30:00 -13.34 -12.91 -3.23 -13.34 -12.37 0.40 0.30 0.07 0.00 0.89 
02/08/2020 09:45:00 -14.51 -14.00 -3.50 -14.51 -13.34 0.42 0.59 0.15 0.00 1.34 
02/08/2020 10:00:00 -15.73 -15.05 -3.76 -15.73 -14.51 0.88 1.03 0.26 0.42 1.58 
02/08/2020 10:15:00 -16.86 -16.26 -4.06 -16.86 -15.73 1.66 1.46 0.37 0.54 1.83 
02/08/2020 10:30:00 -17.78 -17.36 -4.34 -17.78 -16.86 1.91 1.80 0.45 1.47 1.99 
02/08/2020 10:45:00 -18.63 -18.26 -4.57 -18.63 -17.78 2.12 2.10 0.53 1.81 2.28 
02/08/2020 11:00:00 -19.13 -19.03 -4.76 -19.25 -18.63 2.51 2.39 0.60 2.12 2.64 
02/08/2020 11:15:00 -19.77 -19.48 -4.87 -19.77 -19.13 2.54 2.65 0.66 2.43 2.82 
02/08/2020 11:30:00 -20.60 -20.08 -5.02 -20.60 -19.77 2.92 2.82 0.70 2.54 2.98 
02/08/2020 11:45:00 -21.60 -20.95 -5.24 -21.60 -20.44 3.42 3.09 0.77 2.86 3.42 

02/08/2020 12:00:00 -18.68 -20.94 -5.24 -22.23 -18.52 3.88 3.54 0.88 3.16 3.95 
02/08/2020 12:15:00 -17.48 -15.11 -3.78 -20.96 -9.65 2.57 3.63 0.91 2.49 4.38 

02/08/2020 12:30:00 -22.26 -21.61 -5.40 -23.37 -17.37 2.36 1.61 0.40 0.00 3.59 

02/08/2020 12:45:00 -12.02 -19.03 -4.76 -23.18 -10.86 4.35 4.09 1.02 2.18 5.03 
02/08/2020 13:00:00 -22.78 -18.72 -4.68 -23.17 -10.83 0.49 3.13 0.78 0.00 4.88 

02/08/2020 13:15:00 -23.17 -22.42 -5.61 -23.24 -20.86 4.68 2.99 0.75 -0.41 4.90 

02/08/2020 13:30:00 -23.36 -15.53 -3.88 -23.36 -6.07 4.74 4.49 1.12 3.47 4.95 
02/08/2020 13:45:00 -7.78 -15.00 -3.75 -23.36 -7.78 4.89 2.29 0.57 -0.22 5.02 
02/08/2020 14:00:00 -16.32 -10.11 -2.53 -16.32 -7.51 0.23 1.83 0.46 -0.49 4.98 

02/08/2020 14:15:00 -13.14 -19.95 -4.99 -24.06 -12.77 1.96 0.26 0.06 -0.44 1.96 
02/08/2020 14:30:00 -19.44 -12.09 -3.02 -19.44 -7.09 0.51 3.53 0.88 0.50 5.62 

02/08/2020 14:45:00 -21.94 -15.73 -3.93 -21.94 -12.59 2.89 0.92 0.23 -0.45 2.89 
02/08/2020 15:00:00 -9.74 -15.81 -3.95 -23.34 -8.10 4.12 1.71 0.43 0.00 4.12 

02/08/2020 15:15:00 -14.18 -11.29 -2.82 -16.53 -7.31 0.25 2.29 0.57 -0.22 4.99 
02/08/2020 15:30:00 -18.87 -15.67 -3.92 -22.02 -10.32 1.41 0.64 0.16 -0.43 2.06 
02/08/2020 15:45:00 -9.39 -13.71 -3.43 -18.87 -9.39 2.76 1.86 0.46 0.00 4.23 
02/08/2020 16:00:00 -4.74 -5.23 -1.31 -9.39 -4.60 0.25 1.15 0.29 0.00 2.76 
02/08/2020 16:15:00 -4.90 -4.80 -1.20 -4.95 -4.66 0.00 0.02 0.00 -0.18 0.25 
02/08/2020 16:30:00 -4.02 -4.69 -1.17 -5.30 -3.83 0.00 0.00 0.00 -0.35 0.18 
02/08/2020 16:45:00 -6.35 -7.47 -1.87 -13.77 -4.02 -0.15 -0.01 0.00 -0.33 0.18 
02/08/2020 17:00:00 -4.30 -5.68 -1.42 -8.55 -4.25 0.20 0.17 0.04 -0.35 1.37 
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