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Abstract. The paper analyzes the electricity generation from photovoltaic 

micro-installation, which was not subjected to any maintenance operations 

such as cleaning or periodic change of the PV panel tilt angle, recorded in 

the years: 2015-2017. The PV micro-installation presented is a system 

called On-Grid, i.e. it is connected to a low voltage power network, and the 

PV generator is built from the two most commonly used types of PV 

modules: from mono- and polycrystalline silicon. Data sets for relative 

energy yields combined and broken down into PV generator manufacturing 

technologies were analyzed. The results of the measurements were also 

divided into percentage amounts of generated energy in two time intervals: 

"summer" months from April to September (on average over 80% of 

generated electricity) and others recognized as "winter". This division was 

also made for two technologies of making a PV generator. 

1 Introduction 

The development of photovoltaics in Poland is a derivative of the country's energy 

policy. Under the Directive of the European Parliament 2009/28/EC, Poland is obliged to 

achieve a minimum 15% share of energy from renewable sources in final gross energy 

consumption in 2020. The implementation plan for achieving this goal is the National 

Action Plan (NAP) in the field of energy from renewable sources. It assumes that the share 

of energy from renewable sources in the final energy consumption will be higher than the 

set minimum and will amount to 15.85%. Currently (until the end of 2017), 29197 solar 

systems with a total capacity of 281.4 MW have been installed in Poland. This number 

consists of 589 units of systems licensed by the Energy Regulatory Office (URE) with 

a total capacity of 107.7 MW and 28608 units of prosumer systems with a total capacity of 

173.7 MW [1]. 

Peak power values, which are reported by the manufacturers of solar modules, are very 

rarely obtained in practice in Poland (Central and Eastern Europe). STC (Standard Test 

Conditions) in which new modules are tested in this location do not actually occur. Poland 

lies in the zone of large differences in the size of solar radiation in the winter and summer 

months. The genesis of the paper is the search for optimal solutions based on the 
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observation of energy yields in PV systems that already exist in a given location. In the 

paper, the PV system connected to the utility network was tested. 

At present, virtually all manufacturers of inverters used in PV systems provide adequate 

additional equipment that allows monitoring of their operation. PV system monitoring is 

not only an effective gadget, but above all, continuous registration of basic operating 

parameters, enabling analysis and detection of all kinds of irregularities. The preview of 

data from monitoring from mobile devices may also be a kind of security element 

protecting the external elements of the PV system against theft and vandalism. 

2 Test stand description 

The test stand is the demonstrative mini PV system, located in Płock (GPS coordinates: 

52.546713N, 19.706945E), on the flat roof of a three-storey University building. The PV 

generator was built from modules of the two most popular types of mono- and 

polycrystalline silicon (Fig. 1). The PV modules are mounted in the azimuthal deviated by 

27° from the direction of the South to the West and inclined at an angle of 45º to the 

horizontal. 

 
Fig. 1. Photovoltaic PV generator: left side polycrystalline PV modules - CL-130-12 model, and right 

side PV monocrystalline modules –AEMF 130 model 

The PV system uses inverters in the form of two Sunny Boy 240 micro inverters, which 

were connected to mono- and polycrystalline modules directly with the PV modules. An 

important element of the PV system is the Sunny Multigate device, which connects the PV 

mini system with the building's electrical network (connection to one phase) and the 

computer network router connected to the Internet. Fig. 2 presents a simplified wiring 

diagram of all elements of the PV system. 

A maximum of 12 Sunny Boy 240 micro inverters can be connected to one Sunny 

Multigate network interface device. In order for the PV installation data to be sent to the 

Sunny Portal server, it is necessary to register the installation based on individual device 

numbers assigned by the manufacturer. After a properly carried out registration process, the 

system every 15 minutes sends data to the server separately for each micro inverter. There 

is also the possibility of local monitoring using the Sunny Explorer application, if the 

location of the system does not allow connection to the Internet. Fig. 3 presents a functional 

diagram of the PV system and ways registering of energy yields. 

The maximum output power of Sunny Boy 240 micro inverters is 245W. PV modules 

with a total peak power of 260Wp were connected to each of them. This configuration is 

correct, because for the analysed geographical location the maximum allowable nominal 

power factor is NPR=1.2 (Nominal Power Ratio), and we define it as a ratio of peak power 

of the PV generator to the maximum power of the inverter. The NPR coefficient calculated 

according to the above definition is equal 1.06, which is acceptable due to the lack of real 

possibilities of obtaining peak power by the PV panel (see in Fig. 9). Such a load on the PV 

inverter would be wrong in the inter-tropic geographic zone, where the PV generator may 

even exceed its peak power value due to the higher than the nominal solar radiation 

intensity occurring in these areas. 

 
Fig. 2. Connection diagram for PV system components: 1-mono PV modules (AEMF130), 

2-polycrystalline PV modules (CL130-12), 3-fuses, 4-micro inverters Sunny Boy 240 

 
Fig. 3. Functional scheme of the PV mini system 

3 Research methodology 

No radiation measurements are made at the PV installation site. As comparative data 

was generated average monthly electricity production from the given system for four 

databases in PVGIS [2,3]. On this basis, it was estimated average monthly expected energy 

yield of PV system (Tab. 1). 

The data obtained from the demonstration PV system in the years 2015-2017 were used 

for the analysis. The data was balanced on an annual basis and divided into individual 

months. The list was made for the whole system together and divided into outputs from 
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mono- and polycrystalline PV modules. Analyzed values of energy yields are output data, 

energy coming from the micro inverters. 

During the whole period of data collecting, the PV generator was not subjected to any 

operations. The results for 2017 are therefore subject to losses resulting from the 

accumulation of PV generator pollution. This is an important aspect because Płock is the 

seat of Poland's largest producer of liquid fuels, which affects significant air pollution. Near 

the PV generator, there is no position for measuring and recording the intensity of solar 

radiation and temperature. 

Table 1. Average monthly electricity production from the given system 

 (values for four databases in kWh) [2,3] and average expected energy yield in kWh/kWp 

Month 
PVGIS-

CMSAF 

PVGIS-

SARAH 

PVGIS-

ERA5 

PVGIS-

COSMO 

Average 

expected 

energy yield 

of PV 

system 

January 14.4 16.2 17.8 13.6 29.8 

February 25.3 21.9 31.1 23.0 48.7 

March 49.4 42.5 54.0 44.2 91.4 

April 65.4 61.2 64.5 55.4 118.5 

May 68.9 65.6 64.8 57.6 123.5 

June 67.7 64.2 65.2 57.8 122.5 

July 67.4 64.7 63.5 55.2 120.6 

August 65.4 60.9 63.2 51.1 115.7 

September 53.5 52.8 51.0 42.9 96.3 

October 35.9 37.1 38.0 30.1 67.8 

November 16.8 16.7 18.2 13.5 31.3 

December 12.5 13.8 14.9 9.57 24.4 

Annual sums 

of energy 

produced 

542.6 517.6 546.2 453.97 990.5 

4 PV system tests results 

Figures 4-6 show the relative energy yields for subsystems with PV modules from 

mono- and polycrystalline silicon for each year, broken down by months. A thorough 

analysis of the measurement results shows a large difference in the generated energy 

between summer months: from April to September and winter months from October to 

March. The percentage distribution of generated energy and average values from three 

years are presented in Table 2. 

Table 2. Percentage share of individual technologies in generating electricity 

Generator 

type 

Winter 

2015 

Summer 

2015 

Winter 

2016 

Summer 

2017 

Winter 

2017 

Summer 

2017 

Winter 

average 

Summer 

average 

Poly-

crystalline 
25% 75% 23.5% 76.5% 24.2% 75.8% 24.2% 75.4% 

Mono-

crystalline 
10.9% 89.1% 10.6% 89.4% 14.6% 85.4% 12.0% 88.0% 

 
Fig. 4. Relative energy yields from the demonstrative PV system with division into months and 

generator manufacturing technologies in 2015 

 
Fig. 5. Relative energy yields from the demonstrative PV system with division into months and 

generator manufacturing technologies in 2016 

 
Fig. 6. Relative energy yields from the demonstrative PV system with division into months and 

generator manufacturing technologies in 2017 
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Figure 8 show balances for the entire PV system in total. The listings were made in the 

same way as before, but without a division into the technologies of the PV generator. 

Figure 7 shows the part of the balance relating to the summer months, which in this case 

accounts for over 80% of the relative energy yield for the PV generator in 2015-2017. 

 
Fig. 7. Total balance of PV generator yields divided into months in 2015-2017 

 
Fig. 8. The total balance of PV generator yields divided into years and insolation data by NASA [4] 

Figure 9 shows the micro inverters power histogram for two selected days, 

characterized by the highest power values. This analysis show the real load of inverters 

throughout the considered period. This confirms the correctness of the PV generator 

selection for micro inverters at the NPR=1.06 level. Micro inverters did not work at 

maximum power in any time interval. 

Figure 10 presents micro inverters power diagrams for an example of a “Winter Day” 

(2015-12-24) with the shading effect of a PV generator. The time of occurrence of the 

shading effect coincides with the direction of the location of two tall trees relative to the PV 

installation. 

 
Fig. 9. Histogram of power distribution of micro inverters for two selected days: 2015-08-10 

and 2015-08-11 

 
Fig. 10. Daily diagrams of power for micro inverters with an exemplary shading effect for the 

“Winter Day” 

5 Conclusion 

The analysis of energy yields for the described installation leads to the following 

conclusions: 

• During the period of testing of the PV installation in 2015-2017, large differences in the 

annual values of generated electricity were observed (Fig. 8). In the summer months, i.e. 

from April to September, it was over 80% (Tab. 2, Fig. 7). 

• For the considered location, energy yields from the PV system in the given location 

were smaller than theoretically estimated (Tab. 1) and were characterized by a clear 

downward trend (Fig. 8). The relative decrease in solar insolation (calculated on year to 

year basis) shown Figure 8 is respectively: 1.98% and 5.58%. The decrease in electricity 

produced (calculated in the same way) is 3.1% and 8.43%. This clearly indicates the 

impact of a other factor (temperature, soiling or shadingof PV module). It is also 
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recommended to install sensors for measurement of insolation and temperature at the 

PV installation location [5]. 

• One of the reasons for the lower generation of normalized energy is the shading effect 

visible in Fig. 10, which reduces the power of the generator made of monocrystalline 

PV modules. The exact of the shading effect on the PV generator's efficiency can be 

estimated on the basis of the 3D model of the shading elements relative to the location 

of the PV installation (e.g. in the PVSYST software) [6-8]. 

• Another recommendation resulting from the analysis of experimental results is to 

examine the influence of the of the tilt angle of PV panels on the degree of self-

cleaning, while maintaining the criterion of maximizing energy yields, similar 

suggestions can be found in the literature, e.g. [9,10]. 

• The long time consumed by the research presented in the work (three-year observations) 

prompts to conduct such analyzes in a simulation manner on models. In the Matlab / 

SImulink package, two dedicated components were implemented: "Solar Cell" and "PV 

Array", which can be used to build a PV generator model [11-15]. 
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