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Abstract. The paper presents an analysis of the energy efficiency of a photovoltaic installation connected
to the AC power grid. Forecasting of energy yield was carried out in two ways: with the use of PVSol
software, as well as physical measurements of daily electricity production. On that basis, a statistical

correlation between the results obtained from measurements and computer calculations was determined.

1 Introduction

Electricity is used in all areas of human business and
private activity, therefore its rational production, storage
and use is particularly important [1-3]. Most human
activities are carried out in to achieve the best results of
taken initiatives due to selected criteria [4-8].Various
types of deterministic or stochastic optimization methods
are used, as well as computer simulations and physical
tests, in order to achieve high efficiency in the field of
raw materials and energy management, object
sustainability management, quality of supplied energy,
check the profitability of undertaken investments or
determine the profitability of production [4-14].

The paper deals with determining the energy
efficiency of a photovoltaic installations [14-20].
Analyzes in this area were carried out in two ways: on
the basis of computer calculations, using PVSol software
and on the basis of physical measurements of daily
electric energy from photovoltaic conversion [21]. The
aim of the considerations is to develop tools (computer
simulations) for the implementation of economic
calculations and estimation of the return time of
investment outlays related to the analysis of the
legitimacy of using ecological energy sources.

2 Research object

The research object is a roof photovoltaic micro-
installation with a nominal power of 3 kW located 96 km
from Poznan in the north-east direction (Wielkopolskie
voivodship).

The installation is equipped with 12 PV modules
(Yingli Solar model YL250P-29b) with a power of
250 W, arranged in two strings. Photovoltaic modules
are inclined at an angle of 30° to the horizontal plane,
while the receiver azimuth angle is about 10° (south-
west direction). The DC/AC power conversion was
carried out using Steca Stecagrid 3000 inverter.
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3 Research and simulation results

The on-grid photovoltaic installation was connected to
the power grid in 2015 and enables the production of
electric energy in the settlement system consisting in its
transmission taking into account the energy consumption
in a given balancing period. The obligation to purchase
electricity arises from the first day of its connection to
the distribution network and lasts for the next 15 years.

The presented measurement results, registered using
prepared system consisting of a wireless communication
gateway, DC/AC inverters, an external data server and a
private user profile, are a measurement samples from the
period July 2016 — June 2017. In order to compare the
measurement results with the estimated values, a
computer Valentin PVSol software was used [21, 22]. In
order to improve the accuracy of the simulations, data of
solar irradiance from the meteorological station located
in the city of Pita was implemented.

Figure 1 shows the annual electricity production for
the analyzed photovoltaic installation including
measurement results and computer simulations.
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Fig. 1. The annual value of electricity from photovoltaic
conversion for an installation with a nominal power of 3 kW.
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4 Statistical analysis

The assessment of correlation of the measurement results
and computer simulation was carried out using selected
statistical tools in the form of root mean square error
(RMSE), mean bias error (MBE) and Pearson correlation
coefficient £ [21, 23-26]:
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where: M; — measured value of the electric energy,
C; — calculated value of the electric energy,
n — sample size, M — average value of the measured
quantity, C — average value of the calculated quantity.
The results of the calculations are presented in Table 1.

Table 1. Results of statistical analysis including RMSE%,
MBE% and Pearson correlation coefficient.

RMSE% MBE% k
[%] (%] [-]
21,05 -4,450 0,95

5 Conclusions

In the case of the analyzed installation, the results of the
simulation turned out to be beneficial for the investor
due to the increased electric energy production in
relation to the value assumed at the design stage. The
exception are the months of October and March, in
which the value of electricity production is about 37%
and 24% lower than estimated.

The average value of electricity, determined for a full
measurement year, based on the results of measurements
and simulation analysis, is respectively 242.2 kWh and
230.5 kWh. Based on the conducted analysis, 4.5%
underestimation of the value of electricity in relation to
the measured value was observed. The value of the
RMSE% parameter, exceeding 21%, indicates the
occurrence of months for which there are significant
discrepancies between the results of measurements and
calculations (May, September, October).
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