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Abstract: The present study comparing actual data and simulated parameters was carried out using the PVsyst software for a 5.94 KWp grid-connected photovoltaic system, consisting of three types of mono-Si (2.04 KWp), poly-Si (2.04 KWp) and amorphous-Si (1.86 KWp) photovoltaic panels and a weather station. The research is based on data collected for one year (2020) of energy production Simulations were performed using long-term meteorological data generated by NASA and on-site measurement. A comparison of evaluated monthly and annually performance elements has also been considered: Eac, PR, FC. As shown by the results, each photovoltaic technology has certain advantages in different weather conditions. The uncertainties of the PVSyst software used to estimate the output of the photovoltaic installation have also been critically examined.
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Nomenclature



	PV:
	Photovoltaic



	Eac:
	Energy injected into the grid



	PR:
	Performance ratio



	FC:
	Capacity factor




1  Introduction

Many users want to know and quantify the accuracy that can be expected from PVsyst simulation predictions. Some ask for guarantees on its operation, necessary for the evaluation of the financial balance sheet of the projected installations. These guarantees are notably required by investors (bankers). But this precision is difficult to evaluate. We cannot provide guarantees, as the results depend largely on the parameters provided at the input. Okello et al. [1], the performance of the system simulates using PVsyst software using measured and Metronome derived climate data sets (solar radiation, ambient temperature, and wind speed). The comparison between measured and simulated energy yield results were similar, better comparison between measured and predicted monthly energy yield is observed with simulation performed using measured weather data at the site.

As a result, the number of photovoltaic installers is increasing, who need to provide their customers with energy production forecast figures. Individuals also rightly want to know what a possible installation could bring them, or to check the validity of the performances announced by the installers. The production of energy by photovoltaic conversion depends on a very large number of parameters (sunshine, temperatures, etc.) which fluctuate significantly. It is therefore very difficult to make a precise evaluation. There are many software packages on the market that can be used to estimate this production. Here we will compare one of these software’s and try to determine if it is suitable for three given uses: use in a company, in a private home or for educational purposes, because the development of photovoltaics implies of course a development of teaching in this field [2]. Similar study is realized in Morocco, Boughamrane et al. [3] established the comparison of actual measurements collected on site with simulated estimates given by PVsyst located at Assa, southern Morocco, they concluded the simulation results gave a good approximation to measured energy output and irradiation; however, the simulation is less accurate when it comes to the ambient air temperature. In another study, Shukla et al. [4] presented a Simulation and performance analysis of 110 kWp grid-connected photovoltaic system for residential building in India, they concluded System simulation is necessary to investigate the feasibility of Solar PV system at a given location, to compares the performances of different PV technologies based on simulated energy yield and performance ratio. Zaoui et al. [5] found from experimental and simulation analysis, it is concluded that: The panel temperature and power are related to the irradiance and other external factors.The aim of this study is to evaluate the efficiency of grid-connected photovoltaic systems of 5.94 KWp between real data and simulated parameters using PVsyst software during one year 2020, composed of three different types of photovoltaic modules: mono-Si (2.04 KWp), poly-Si (2.04 KWp) and amorphous-Si (1.86 KWp) mounted on the rooftop of the Faculty of Sciences Dhar El Mahraz in Fez, Morocco.

This paper is structured as follows. The first and second sections of this paper are devoted to the description of the location of the installation and the different PV systems, followed by the definitions of the PVsyst software. The third section is focused on the evaluation and comparison of the performance of the grid-connected PV system between the real results collected experimentally and those simulated by the PVsyst software. Lastly, the results are summarised in the conclusion.

2  Description of the Test Installation

2.1 Position of Installation

The photovoltaic solar panels with a total power of 5.94 KWp connected to the grid are installed on the roof of the Faculty of Sciences Dhar El Mahraz Fez, Morocco with 34°2’0" North latitude and 4°58’36" West longitude (see Fig. 1)

[image: images]

Figure 1: Photovoltaic systems

2.2 PV Installation Materials

The installed grid-connected photovoltaic system is constructed of three technologies: 8 monocrystalline solar panels (mc-Si), 8 polycrystalline solar panels (poly-Si), each with a power of 255 Wp. and 12 amorphous silicon panels (amorphous-Si) each with a power of 155 Wp. The solar PV panels are installed facing south (Azimuth equal to 0) with a tilt angle of 31°. Each PV technology was attached to its specific Sunny Boy 2000 HF-30 inverter [6].

Meteorological data: horizontal and inclined solar irradiation, wind speed and direction, ambient temperature are collected by a weather station [7].

2.3 Software PVsyst

PVsyst [8] is a software developed by the University of Geneva. It is aimed at architects or engineers working in the field of renewable energies but is also suitable for education. The software is divided into four distinct parts: pre-dimensioning, project design and tools.

In the database part, the software asks to enter the site location data for a given project, in our case we can choose as Faculty of Sciences Dhar El Mahraz-Fez site. After having located the site, we click on the “import” button to import the meteorological data of the site in PVsyst, these monthly data represent the irradiation and the average temperature.

After the definition of the geographical parameters of the site, in the design part of the project, the active parameters of the site (inclination, Azimuth…) are specified. The PV system installed at FSDM is south facing (Azimuth = 0°), the tilt angle is 31°, see Fig. 2. Then, the characteristics of the solar panels of PV system are specified: Module brand, Number of modules, Module area and Nominal PV power.
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Figure 2: Project definition, orientation, and tilt of the PV system

3  Results and Discussion

After locating and importing the meteorological data of the site and characterizing the PV system in PVsyst software, the simulation is started for all three types of PV panels. Then a results window appears, through which simulation data can be retrieved of the three silicon technologies.

The analysis of the experimental performance of the three installed technologies (mono-Si, poly-Si, amorphous-Si) connected to the grid was carried out by using the indicators recommended by IEC 61724, NREL and SMA [9].

3.1 Comparison of Measured and Simulated Weather Data

NASA-SSE meteorological data [10] (irradiation, temperature) entered in PVsyst software are presented and compared with the data measured in the study site.

The measured average daily solar radiation derived from NASA shows a deviation that varies between 8% and 30% during most months in Fig. 3, except in April, when the deviation is zero. We can consider that these different irradiation data are identical for this month. It can be observed that the measured irradiations are lower than the simulated irradiations in the summer months. And opposite for the winter months.
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Figure 3: Average monthly tilted solar irradiance measured and simulated using NASA databases

Fig. 4 shows the monthly variations of the long-term mean values measured and simulated with PVsyst software for the ambient temperature, some differences vary between 3% and 19%. However, this difference decreased significantly from July to reach 2% in August.
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Figure 4: The monthly average ambient temperature measured and simulated using NASA databases

3.2 Comparison of Measured and Simulated Performance Parameters

3.2.1 Total Energy

The total monthly energy supplied to the grid and the energy estimated using PVsyst is directly related to the irradiation as shown in Fig. 5. In addition, energy production is affected by temperature change, so the correlation of energetics and irradiation is not always true.
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Figure 5: The total measured and simulated energy injected into the grid for amorphous-Si (a), mono-Si (b) and poly-Si (c)

The difference between the measured energy value and the energy estimated by PVsyst varies from 10% in October as a maximum value, and 1% in March as a minimum, for a-Si. Varies between 11% in October and 0% in May and July for a-Si. And between 12% as maximum value in October, November, and December and 1% as minimum value in May and July for poly-Si technology.

3.2.2 The Performance Ratio PR

The performance of the photovoltaic system is highly dependent on weather conditions such as shading, irradiation, surface temperature of the PV panels, etc. [11]. The performance of the PV panels was analyzed using the measured performance of the PV systems for the monitoring period. As performance deterioration and losses.

The performance ratio of the PV systems was simulated using the PVsyst software. Specified parameters provided by the PV component specifications are used and compared with the actual measured performance results of the PV systems (Fig. 6).
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Figure 6: The measured and simulated monthly performance ratio (a) For amorphous-Si, (b) For mono-Si and (c) For poly-Si

The simulated results show that the PVsyst software gives the estimated results in agreement with the actual measured results, with an uncertainty ranging from 0% to 3% for the amorphous-Si technology. This uncertainty can be high for the other two technologies when it varies between 0% and 7%, this is since both mono-Si and poly-Si technologies are more sensitive to meteorological conductions when their performance is low if the amount of irradiation is decreased. This explains the reduced uncertainty between the measured and simulated results for a-Si technology which is not affected by the amount of irradiation.

3.2.3 Capacity Factor

The capacity factor is an indicator that represents the fraction for one year when the PV system is operating at its rated power [12]. In this section, the simulated and measured CF of the three technologies is graphically represented in Fig. 7. Minimum values (14%, 14%, and 15% respectively for amorphous-Si, mono-Si, and poly-Si) were recorded in January and December due to system failure during this period, for the minimum values simulated by the PVsyst software they are lower than those measured in the same periods.
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Figure 7: Monthly capacity factors measured and simulated. (a) For amorphous-Si, (b) For mono-Si, and (c) For poly-Si

It can be seen from the two curves (a) and (b) that the simulated values are in close agreement with the actual measured results with a deviation ranging from 0% to 2% for the three months May, June, and July. This may be since the energy productions are identical for these three periods, when the simulated solar radiation data are close to the measured data.

4  Conclusions

This paper investigated a comparative analysis between real data and simulated parameters using the PVsyst software. The performance study is based on experimental data collected in 2020 from mono-Si (2.04 KWp), poly-Si (2.04 KWp) and amorphous-Si (1.86 KWp) PV panels. The simulations were performed using long-term meteorological data generated by NASA and on-site measurements.

This study showed that the uncertainties of the PVSyst software used to estimate the output of a photovoltaic systems are drawn from this study.

The measured average daily solar radiation and temperature derived from NASA shows a deviation that varies between 8% and 30% for radiation. some differences vary between 3% and 19% for temperature.

The simulated results show that the PVsyst software gives the estimated results in agreement with the actual measured results, with an uncertainty ranging from 0% to 3% for the a-Si technology. 0% to 7% for mono-Si, and poly-Si technology.

The simulated values and are in close agreement with the actual measured CF results with a deviation ranging from 0% to 2% CF of the three technologies.

Finally, regardless of the discrepancies displayed by this commercial software, it can be considered that the results are generally useful, and their features and ease of use make them an essential tool for the planning and rapid evaluation of the performance of a PV installation.
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