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The mathematical description of current-voltage characteristics for photovoltaic cells is generally represented by a coupled nonlinear equation, which is difficult to solve by analytical methods. In this paper, a modelling process is presented to configure a computer simulation model, which is able to demonstrate the cell’s output features in terms of environment changes in irradiance and temperature. Based on a four parameters model, it is tested to simulate three popular types of photovoltaic panels made of different materials, CIS thin film, multi-crystalline silicon, and mono-crystalline silicon. The effectiveness of this approach is evaluated through comparison of simulation results to the data provided by product’s manufacturer.
The performance of solar cell is normally evaluated under the standard test condition (STC), where an average solar spectrum at AM 1.5 is used, the irradiance is normalized to 1000W/m2, and the cell temperature is defined as 25°C. To satisfy the requirement of temperature and insolation in STC, the test usually needs specified environment and some special testing equipment, such as an expensive solar simulator. Simple experiments may not be sufficient to reproduce the electrical characteristics of solar cell accurately. In this study, the modeling method is based on the specification data provided in the manufacturers’ datasheets.

The traditional equivalent circuit of a solar cell is represented by a current source in parallel with one diode. The single-diode model or the so called four parameters model which our study based on includes three components: a photo current source, a diode parallel to the source, a series resistor RS. 

In most cases, it is difficult to determine the four parameters in single-diode model, due to the exponential equation of a p-n diode junction. The solar model was developed through the coupled multi-physical processes of photovoltaic energy conversion. The Levenberg-Marquardt method was chosen to solve the double exponential model equation. To avoid the modeling sophistication, a data-based approach is presented in this paper.

