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Abstract: The performance of photovoltaic systems depends on environmental conditions as
well as the technical characteristics of solar modules. Elevated operating temperature and dust
accumulation can reduce electrical output through different mechanisms. This article examines
these mechanisms and proposes an approach for assessing their individual and combined effects. A
narrative review of selected technical publications and institutional guidance was conducted,
focusing on photovoltaic conversion efficiency, module temperature, surface soiling, and
maintenance practices. The analysis indicates that meaningful performance comparisons require
simultaneous consideration of solar irradiance, module temperature, and surface condition. A
comparative monitoring framework using clean and naturally soiled reference modules is proposed.
The discussion addresses ventilation, cleaning strategies, measurement uncertainty, and the
distinction between instantaneous efficiency and energy yield. The article concludes that
temperature management and site-specific soiling control should be evaluated together, with
decisions supported by measured performance rather than assumed universal loss percentages. No
original experimental results are reported.

Keywords: photovoltaic systems, solar panels, module temperature, dust accumulation,
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Introduction
Photovoltaic systems convert solar radiation into electrical energy, but their performance

under outdoor conditions differs from performance measured under controlled laboratory
conditions. Solar irradiance, operating temperature, surface contamination, and installation
characteristics influence the electricity delivered by a system. Understanding these influences is
necessary for assessing whether an observed reduction in output reflects normal environmental
variation, an avoidable operating loss, or a technical fault.

Conversion efficiency describes the proportion of incident solar energy converted into
electrical energy. Energy yield describes the electrical energy produced over a specified period.
These concepts are related, but they answer different questions. A module can operate at lower
efficiency during a hot, sunny period while still producing more electricity than during a cooler
period with weak sunlight. The United States Department of Energy emphasizes the role of
environmental factors, including heat, dirt, and shade, in determining photovoltaic energy yield.
Department of Energy
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Temperature and dust accumulation deserve joint attention because they can affect the same
installation at the same time. Temperature influences the electrical behavior of photovoltaic cells,
while deposited particles alter the amount and distribution of sunlight reaching them. A
performance assessment that considers only one factor may incorrectly attribute losses caused by
the other. The objective of this article is to explain these mechanisms and propose a practical
framework for separating their effects under outdoor operating conditions.

Materials and Methods
This article presents a narrative technical review of selected public materials from the United

States Department of Energy, Sandia National Laboratories, the European Commission’s Joint
Research Centre, the International Energy Agency Photovoltaic Power Systems Programme, and
the National Renewable Energy Laboratory. The selected sources address photovoltaic
performance, module temperature, soiling mechanisms, and operation and maintenance practices.
The review is qualitative and does not claim exhaustive coverage of published research.

The analysis was organized around three questions: how temperature affects photovoltaic
output, how surface deposits influence light transmission and electrical performance, and how these
effects can be assessed without confusing them with changes in irradiance. A comparative
monitoring framework was developed from this synthesis. No modules were experimentally tested,
and no original measurements were collected. The numerical example below illustrates a
calculation using explicitly assumed conditions.

Results
Temperature affects photovoltaic performance through changes in the electrical characteristics

of solar cells. The Department of Energy explains that solar cells generally operate more efficiently
at lower temperatures. As temperature increases, voltage typically declines, while the increase in
current is comparatively small; the resulting effect is generally a reduction in electrical power for
common photovoltaic technologies. The magnitude of this response depends on the module
technology and its temperature characteristics. Consequently, the temperature coefficient provided
for the selected module should be used in performance calculations. Department of Energy

Module temperature must be distinguished from ambient air temperature. The European
Commission’s photovoltaic modeling guidance identifies both air temperature and solar irradiance
as influences on module temperature. Installation and heat-transfer conditions also matter when
interpreting outdoor performance. An assessment based only on weather-station air temperature
therefore cannot fully describe the thermal conditions experienced by the photovoltaic cells.
Measuring module temperature provides a more direct basis for investigating temperature-related
changes in output. Joint Research Centre

A hypothetical calculation demonstrates how a temperature coefficient can be interpreted.
Assume that a module has a maximum-power temperature coefficient of −0.35% per degree Celsius
and that its cell temperature increases from 25°C to 55°C. Under a simplified linear approximation,
with irradiance and other relevant conditions held constant, the estimated power reduction would be
10.5% relative to the reference-temperature output. This value is calculated from the assumed

https://www.energy.gov/cmei/systems/solar-photovoltaic-performance-and-efficiency-basics?utm_source=chatgpt.com
https://joint-research-centre.ec.europa.eu/photovoltaic-geographical-information-system-pvgis/general-information/data-sources-calculation-methods_en?prefLang=es&utm_source=chatgpt.com
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coefficient and a temperature increase of 30°C. It is an illustrative estimate rather than a measured
result or a coefficient applicable to every solar panel.

Dust accumulation affects performance primarily by changing the sunlight transmitted through
the module’s front surface. Sandia National Laboratories describes soiling as the accumulation of
dust, soot, organic matter, and other particles that absorb or scatter part of the incoming radiation
before it reaches the photovoltaic module. The resulting loss depends on the properties and quantity
of the deposited material. Thus, the visible presence of dust alone does not provide a reliable
quantitative estimate of lost power. PV Performance Modeling Collaborative (PVPMC)

The distribution of contamination also deserves attention. Uniform deposits and concentrated
patches should not automatically be treated as equivalent conditions. Experimental research on
nonuniform photovoltaic soiling has demonstrated that electrical losses can exceed those expected
from an equivalent uniform reduction in light transmission. This finding supports documenting the
location and pattern of deposits in addition to estimating their overall quantity. However, the
magnitude observed in a particular experiment should not be transferred directly to another module
design or installation. doi.org

Temperature and soiling effects should therefore be evaluated through synchronized
measurements. In the framework proposed here, two comparable modules are installed with the
same orientation and tilt, with one maintained as a clean reference and the other allowed to
accumulate natural deposits. Their electrical output, module temperatures, and incident irradiance
are recorded over the same periods. An initial clean-condition comparison is used to identify
differences between the modules before attributing later performance differences to soiling.

The proposed framework also records cleaning events, rainfall, shading, and interruptions in
system operation. Measurements taken under unsuitable or inconsistent conditions should be
identified before analysis. Comparing observations within similar irradiance and temperature
ranges can help distinguish soiling-related changes from weather-driven variation. Where a
correction model is used, its assumptions and uncertainty should be reported.

Performance should be assessed over both short and extended periods. Instantaneous
measurements can help identify changes in operating behavior, while cumulative energy
measurements show their practical effect on electricity production. The Department of Energy’s
performance guidance describes comparison between measured production and modeled
production using corresponding solar-resource and temperature information. This supports
evaluating output against the conditions actually experienced by the installation.
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