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This study investigates the impact of selecting an optimal panel-to-inverter capacity
ratio on the electricity generation of photovoltaic (PV) power plants. To quantify the
influence of this ratio on monthly energy yield across different climatic regions,
PVsyst simulation software was employed. The energy output was assessed for five
different ratios ranging from 0.90 to 1.14 across 100 locations throughout Iran. The
percentage change in electricity production closely mirrors the percentage change in
panel capacity, although this relationship varies by month and climate. Generally, for
the months of May, June, July, and August, the variability in output across the
studied locations is minimal. The predicted ranges of energy output variation due to
changes in the panel-to-inverter capacity ratio are as follows: 1) For a ratio of 0.90 ,
the output change ranges from —11.81% to —11.64% (mean: —11.76%). 2) For a ratio
of 0.96, the range is —5.91% to —5.77% (mean: —5.87%). 3) For a ratio of 1.08 , the
output increase ranges from +5.32% to +5.90% (mean: +5.77%). 4) For a ratio of
1.14 , the output increase is between +10.12% and +11.78% (mean: +11.27%).
Furthermore, if the increase in capital investment per percentage increase in panel
capacity remains within the range of 90.5% to 100.3% and 86.1% to 100.2% for
ratios of 1.08 and 1.14 respectively, the increase in the panel-to-inverter ratio would
be considered economically justified. Among the scenarios analyzed, a ratio of 1.08
demonstrates the highest economic feasibility.
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Various approaches have been proposed in order to improve the efficiency and performance of solar
power plants. These approaches can generally be classified into at least five main categories: (1) the
application of solar tracking systems to increase the amount of sunlight received by photovoltaic
modules, (2) the cooling of solar module cells to reduce temperature-related losses, (3) the use of
equipment with higher conversion efficiency, (4) the application of solar concentrators to intensify
solar radiation on the modules, and (5) the determination of the optimal ratio of panel capacity to
inverter capacity. Among these five categories, the issue of defining and applying an optimal panel-to-
inverter capacity ratio has received less attention in both research and practice, despite its significant
influence on the overall output of photovoltaic systems.
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The determination of the optimal capacity ratio between solar panels and inverters is not a
straightforward task. This ratio is influenced by several variables, including the technical
characteristics of both the panels and the inverters, as well as local climatic conditions. These climatic
factors cover a wide range, such as the intensity of solar radiation, wind speed, ambient temperature,
and the degree of atmospheric pollution or dust accumulation. In addition, economic factors—such as
electricity purchase tariffs and the level of available initial investment capital—alongside technical
constraints like the availability of suitable land, play a major role in shaping the final choice of this
ratio. To facilitate the analysis of these complex and interrelated factors, a number of technical and
engineering software packages have been developed. Among them, PVsyst has emerged as one of the
most widely adopted tools for modeling and assessing the performance of photovoltaic systems under
varying technical and climatic conditions.

In this study, 100 cities across Iran were selected, including provincial capitals as well as the most
populated cities in each province. The purpose was to examine the impact of different climatic
conditions on the panel-to-inverter capacity ratio. PVsyst software was employed to analyze the effect
of climate on this ratio. Five scenarios were considered for each city, covering ratios in the range of
0.90 to 1.14. A ratio of 1.02 was defined as the reference scenario, serving as the baseline against
which all other ratios were compared. The higher or lower ratios may cause technical issues with the
inverter(s). Moreover, in the case of an oversized ratio, some of the solar energy incident on the PV
panels may not be fully converted into electrical energy.

The results demonstrated that variations in production caused by changing the panel-to-inverter
ratio could be substantial. Specifically, for a ratio of 0.90 (representing an 11.78% decrease in panel
capacity), production was predicted to vary between —11.81% and —11.64%, with an average of
—11.76%. For a ratio of 0.96 (5.88% reduction in capacity), the variation ranged from —5.91% to
=5.77% (mean —5.87%). For a ratio of 1.08 (5.88% increase in capacity), production varied from
+5.32% to +5.90% (mean +5.77%). Finally, for a ratio of 1.14 (11.78% increase in capacity), the
variation was between +10.12% and +11.78% (mean +11.27%).

An additional economic assessment showed that if the percentage increase in investment cost per
percentage increase in photovoltaic panel capacity remains within 90.5% to 100.3% for a ratio of 1.08,
and within 86.1% to 100.2% for a ratio of 1.14, then the increase in the panel-to-inverter ratio can be
considered economically justified. It should be considered that as the PV-to-inverter ratio increases,
although most of the investment cost components—such as photovoltaic panels, mounting structures,
and connectors—increase proportionally, some cost components do not change. These include soft
costs, protection systems, transformers, and, in some cases, land and power plant walls. Moreover,
certain operating costs, such as routine inspections and security, remain unchanged. Therefore, even a
ratio of 1.14 may be economically justified. However, among all the scenarios examined, a ratio of
1.08 was found to provide the most favorable balance between energy yield and economic feasibility.
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