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The current modern society heavy reliance on fossil fuel energy use, as well as its associated environmental,
economic and social impacts have driven the search for diversification of energy sources. Decision makers
typically opt for a given renewable energy technology according to native geographical location and physical
characteristics, resulting in varying preferences between solar, wind, hydropower, biomass, etc. (Nagaraja et al.,
2025).

In Southern European countries such as Portugal, Spain or Italy, the adoption of photovoltaic panels (PV)
for electricity production is a particularly attractive option due to the higher level of solar exposition, characteristic
of the region (Perpifa Castillo et al., 2016). Furthermore, due to its modularity and the significant rise in industrial
production, the application of solar PV panels is generally more affordable than alternative technologies. This
effect is partly due to the cheaper raw materials (silica) and their flexibility in installation, being easily deployed
in a variety of configurations, including ground-mounted, rooftop and fagade systems. However, it is important to
underline that the use of PV panels is not without its disadvantages. PV panel performance is highly dependent on
the local meteorological conditions of the installation space, i.e., conditions such as humidity, temperature
fluctuations and the presence of particulates (both on the panel surface and in the surrounding atmosphere). In
addition, large-scale installations can generate significant environmental and social impacts as they tend prioritize
energy efficiency and production capacity over its effects on local communities (Suuronen et al., 2017). Mitigation
strategies generally consider installation in marginal lands where the ecological and social impacts should,
theoretically, be reduced. Finally, well-planned end-of-life strategies are required to properly manage the
significant influx of recyclable and non-recyclable material which will arise as PV panel installations reach the
end of their operational lifetimes (Heiho et al., 2023).

While PV panels represent an important contribution towards decarbonization targets of different sectors,
environmentally driven consumer choice is hindered by the lack of clear and accessible environmental information,
presented in a format more easily understood by the general public. This effort has been facilitated by the
increasing availability of Environmental Product Declarations (EPDs) (ISO 14025). These documents, despite
voluntary, are rapidly becoming a standard requirement for the introduction and assessment of new products and
technologies, as they aim to provide transparent and standardized information to the public regarding the
environmental impacts associated with a product throughout its life cycle (namely from production, installation,
use, and potential end-of-life management). The related information generally contains data over physical
composition, constituting unit processes, maintenance and use requirements, all of which calculated in relation to
a given functional unit (FU) based on existing standards. Based on available EPDs, producers can report their
products environmental performance and the customers can compare alternative equivalent products. However,
this comparison is often not straightforward due to a number of reasons: i) the default information required by the
various EPD programme operators and publishers vary; ii) the number of available documents is spread across
various platforms; iii) variations in language used and complexity of the information; iv) data aggregation levels
disparity.

To overcome this problem, the present work proposes to use available EPDs for the characterization of the
environmental impacts of commercially available PV panels and identify the main influencing parameters. A
comprehensive database was developed based on available EPDs from established programme operators (The
Internation EPD system, EPD hub, PEP ecopassport, EPD Norway, etc.). Data was collected from each document
focusing the recovery of information such as panel dimension, area, physical composition and peak wattage, which
was then used for the calculation of various parameters of interest (efficiency, composition per FU, etc.). Presented
impact categories varied according to the EPD publisher directives including the ISO 14025:2006 and
EN15804:2012 + A2:2019 (EPD Norway/EPD Italy), PCR-ed3-FR-2015 04 02 (PEP Ecopassport) and ISO
14001:2015 + I1SO 45001:2018 (EPD Danmark). Principal differences between these protocols consists in chosen
functional unit, considered stages of production and environmental subcategories. The collected variables were
standardized according to the most used functional unit, watt-peak (Wp), to avoid the influence of the varying
lifetimes assumed throughout the documentation, and associated impacts were aggregated by the different stages
of the life cycle of the product, namely fabrication (A1-A3), assembly (A4-A5), use (B), end of life (C) and
benefits). Gathered data was subsequently subject to exploratory data analysis using machine learning techniques
such as Scikit-learn to identify correlations, trends and outliers between operational parameters and impacts.
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The studied body of work consisted in the analysis of 8 panel types in a total of 138 available EPDs. Of this
documentation, the vast majority was related to the analysis of monocrystalline silicon panels, composing
approximately 91% of total studied EPDs. Nagaraja et al. (2017) indicates the relative availability and easiness of
extraction and processing of silica as the main driver for this predilection (Nagaraja et al., 2017). Out of the
explored life cycle stages, fabrication was identified as the main contributor for the carbon-related subcategories,
such as GWP total and GWP fossil, followed by the use stages when considered. This later observation is closely
associated with one of the major problems with the use of EPD for information gathering. Scenarios are described
loosely, probably protected by company proprietary rights, giving limited information of the assumptions used
during the calculation of the benefits, carbon capture or biogenic carbon values. Without this information, it is
difficult for the reader to ascertain the nature of these potential benefits and how they contribute to mask the
embodied carbon impact. This lack of transparency may conceal greenwashing practices that EPDs are intended
to prevent. In particular, the calculation of the benefits impact (D) appears to rely on allocation by system
expansion, through the replacement of raw materials in undefined production systems with PV panels recycled
components (aluminium, glass, silica), without considering inputs and outputs of the recycling system and its own
environmental burdens. A larger effort will need to be pursued in order to clarify these loopholes and guarantee
that the EPDs and the performance of the technology itself is as transparent as it should be to ensure their proper
application.

In this context, the main objective of this work is to develop a tool that supports informed decision-making
regarding photovoltaic panel adoption. Based on physical and functional characteristics represented by modeling
variables, the user may estimate potential environmental impacts based on existing EPDs similarity. The tool aims
not only to assist in selecting the most environmentally efficient type of panel, but also to evaluate whether this
solution represents a sustainable long-term option for different types of consumers. By integrating environmental
performance indicators with contextual factors, the proposed approach seeks to contribute to more responsible and
sustainable energy transition strategies.
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