
 

How different shade conditions impact
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Two solar cells connected in parallel (left) and in series (right) with an obstacle
creating shade (brown). Shady conditions caused more power loss in series
systems. Credit: Guo et al.

Large obstacles, like clouds and buildings, can block sunlight from
reaching solar cells, but smaller sources, such as dust and leaves, can also
create similar problems. Understanding how the loss of incoming
radiation affects power output is essential for optimizing photovoltaic
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technology, which converts light into electricity and is an important
contributor to the green energy transition.

In the Journal of Renewable and Sustainable Energy, researchers from
Shanghai Polytechnic University, Shanghai Engineering Research Center
of Advanced Thermal Functional Materials, and Shanghai Solar Energy
Research Center Co. Ltd explored how different shade conditions
impact performance of single solar cells and two-cell systems connected
in series and parallel.

"In the real world, photovoltaic cells are sometimes shaded by obstacles,
which significantly alters the amount of incoming light," said author
Huaqing Xie, of Shanghai Polytechnic University and Shanghai
Engineering Research Center of Advanced Thermal Functional
Materials. "The degradation effects make power optimization difficult
and result in significant power loss."

Photovoltaics connected in series create a single path with the electrons
flowing from one cell into the next. In contrast, cells in parallel provide
two lanes for electrons to travel through, then recombine later. In
practical applications, networks of solar cells are connected in series and
parallel to expand the output current and power capability.

The team found that the decrease in output current of a single cell or two
cells connected in parallel was nearly identical to the ratio of shade to
sunlight. However, for two cells running in series, there was excess
power loss and a rise in temperature, which can cause further output
degradation. For example, with 29.6% of the series photovoltaic module
in the shade, the current decreased by 57.6%.

"Our study indicates that many factors, including shadow area, shadows
on different cells of the module, and the connection of cells and
modules, may affect the performance," said Xie.
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Previous studies have explored the consequences of shade on large
photovoltaic modules but have largely ignored single cells and simple
systems.

"In these complicated systems, shadows on one single cell may play vital
role on the system output and reliability," said Xie. "Therefore, studying 
single cells or a simple arrangement of two connected cells is necessary
for solar panel development."

In the future, the authors hope to examine the microscopic interaction
behaviors and mechanisms in photovoltaic cells subjected to different
shadows.

The article, "Experimental study on the power losses of a single 
photovoltaic cells and two series and parallel connected cells with partial
shadows," is authored by Xiaoxue Guo, Jiapu Zou, Zihua Wu, Yuanyuan
Wang, and Huaqing Xie. The article will appear in Journal of Renewable
and Sustainable Energy on Sept. 27, 2022.

  More information: Xiaoxue Guo et al, Experimental Study on the
Power Losses of a Single Photovoltaic Cells and Two Series and Parallel
Connected Cells with Partial Shadows, Journal of Renewable and
Sustainable Energy (2022). DOI: 10.1063/5.0106977
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