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ABSTRACT

This study is part of the thesis presented to the Graduate Program in Society, Technology, and
Environment at the Evangelical University of Goias (PPGSTMA), with the aim of obtaining a PhD in
Environmental Sciences. The research evaluated the energy efficiency and sustainability of the
UniEVANGELICA (UF-Uni) Photovoltaic Plant, using energy generation data from 2020 to 2023, in
addition to an energy analyzer to verify the quality of the electricity generated. The theoretical studies
were conducted in the PPGSTMA computer labs, while the practical investigations took place at the
Photovoltaic Energy Efficiency Laboratory (LEEFOTO). The results showed that, after 72 years of
existence, the Associacao Educativa Evangélica (AEE) took a decisive step toward financial and energy
sustainability, consolidating its institutional policies and values with the implementation of UF-Uni. The
research showed that, globally, photovoltaic plants prioritize financial and performance indicators over
environmental ones, highlighting the search for profitability. The use of statistical tools and time series
proved effective in monitoring and projecting energy generation, highlighting the importance of university
governance and artificial intelligence. It was found that the energy generated by UF-Uni meets the
standards of the National Electric Energy Agency (ANEEL), although productivity was below
expectations. The study recommends regular maintenance and the adoption of advanced technologies
to ensure greater energy efficiency, proposing a model aligned with the Sustainable Development Goals
(SDGs) and ESG principles, offering a replicable solution for other institutions and companies.
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INTRODUCTION

The Evangelical Educational Association (AEE), founded in 1947, evolved from
a school institution to the Evangelical University of Goias (UniEVANGELICA), standing
out for its academic quality and sustainable practices. The construction of a
Photovoltaic Plant (UF) on campus not only meets a significant part of the energy
demand but also functions as a research laboratory, offering students practical
experience in technological innovation and sustainability. Aligned with the SDGs and
ESG principles, UniEVANGELICA has become a model for educational institutions and
companies seeking to combine academic excellence and environmental responsibility
(BOGGIAN, 2023; UNIEVANGELICA, 2024).

This initiative is especially relevant in a context where the global energy matrix
is dominated by 68.9% non-renewable sources, while in Brazil this figure is much
lower, at only 16%. However, of the 84% generated from renewable sources, 61.9%

comes from hydroelectric plants (MME, 2023). The global transition



to PVs represents a significant change in energy generation and consumption, driven

by both economic and environmental reasons (PEB, 2024).

Despite the recognized environmental benefits of photovoltaic solar energy,
financial motivations still predominate in the adoption of this technology. In Brazil,
companies and institutions, such as UniEVANGELICA, are leading this transition by
installing large power plants and taking advantage of rooftops for small installations.
Therefore, university governance, increasingly influenced by global rankings that value
scientific production and social impact, is fundamental for the sustainability of higher
education institutions (BOGGIAN, 2023). The application of statistical tools and time
series techniques at UF-Uni demonstrates how advanced data analysis can optimize

energy efficiency and strengthen university governance (ROMERO et al., 2022).

Thus, celebrating historic milestones such as the Stockholm Conference and
Rio 92 Kniess (2022), this study investigates the energy efficiency of UF-Uni, proposing
optimizations for sustainable energy supply and practices that reinforce the resilience

of the system and the stability of the electrical grid.
METHODOLOGY

This study analyzed the electricity generation of UF-Uni, installed in a parking
lot at UniEVANGELICA, Anapolis, Goias, between 2020 and 2023. The plant,
inaugurated in 2019, has 2,900 solar panels, occupies 5,655 m?, and has a capacity of
971.50 kWp, meeting 40 to 60% of the campus's demand.

The theoretical research, carried out in the PPGSTMA laboratories, involved
documentary research and literature reviews on UniEVANGELICA's evolution towards
sustainability. The technical studies focused on recent articles, dissertations, theses,
and books on solar energy, performance, and environmental impact. Meanwhile,
practical research conducted at LEEFoto evaluated the plant's efficiency using an
energy analyzer to measure critical variables such as power factor and harmonics, in

accordance with ANEEL standards.
RESULTS

Based on studies on institutional websites, books, and other documentary
sources, it can be concluded that AEE, 72 years after its founding, has made significant

progress toward energy and environmental sustainability. Although



efforts began in 2011, the project was consolidated in 2016, when the institution won
the PEE CELG D Public Call No. 002/2016. In partnership with the companies Vitalux-
Ecoativa and the National Electric Energy Agency (ENEL), construction began on its
photovoltaic plant (UNIEVANGELICA, 2018).

Opened in 2019, UF-Uni has the capacity to generate up to 40% of the campus'
energy demand and was recognized as the largest photovoltaic parking lot in the
country at the time (UNIEVANGELICA, 2019). Another highlight is LEEFoto,
inaugurated in 2021 in partnership with FAPEG, which promotes research, training,
and consulting in energy efficiency (UNIEVANGELICA, 2021).

Studies on the systematic review of global goals for the installation of UF's
highlighted that the global electricity matrix is predominantly sustained by non-
renewable sources, mainly fossil fuels such as coal and natural gas. In contrast, the
Brazilian electricity matrix is composed mainly of renewable sources, with more than
60% coming from hydroelectric plants. Research indicates that FPs may be a viable
solution for diversifying energy matrices, especially in Brazil, due to the high level of
solar radiation (PEB, 2024). Table 1 presents the stratification of global objectives for

the installation of FPs.

Table 1. Stratification of the selection of scientific studies related to the implementation of UF's

Indicators Total Subdivision of indicators Period s est.data
analyzed age Percent 2023 2022 2021 2020 2019
centag
e
Consequences 6 19.4% Environmental impacts 4
Environmental Environmental benefits 1 1
Governance 2
Performancede 24 77.4% Productivity 6 1 1
Generation Use of algorithms 4 1
Operational optimization 4 1 2 2
Not
directly 1 3.2 b 1
correlated
Total 31 21 0 2 4 4

Source: Prepared by the authors (2024)
This review points out that, although UFs are important in the global energy
matrix due to their relevance for sustainable development, global objectives for their
implementation focus on financial and performance indicators, while environmental

indicators are often secondary,



highlighting the need for greater balance. The application of statistical tools, through
time series, has proven effective in monitoring and projecting energy generation,
Figure 1, reinforcing the importance of university governance and the use of artificial

intelligence for optimization.

Figure 1. Time series forecast of future electricity generation
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Prepared by the author with data provided by AEE.
The results of this study compare the original series of electricity generation data

with the future forecast, showing that the forecast is accurate for the next 12 to 15
months. These studies also summarize the Institution's historical progress in
addressing the energy issue, using statistical tools to better manage the photovoltaic

plant's energy generation, enabling more accurate future forecasts.

The energy efficiency assessment of UF-Uni used generation indicators from
2020 to 2023, compared to the Distribution Rules and Procedures (PRODIST), Module
8, of ANEEL (ANEEL, 2017). The results show that the energy generated is within
Brazilian standards, although productivity is below expectations. Regular maintenance
and the adoption of advanced technologies are recommended to increase energy
efficiency. These findings can be used in future research to monitor and improve
energy quality, as well as provide a methodological model for analyzing generation

quality and indicators.
CONCLUSION

The analysis of the UniEVANGELICA Photovoltaic Plant (2020-2023) highlights
its commitment to sustainability and energy efficiency. The methodology applied
demonstrated that, despite the challenges, the plant can optimize energy generation,

contributing to cost reduction and sustainable development. The



resulting institutional project is aligned with the SDGs of the 2030 Agenda, ESG
principles, and UN guidelines, serving as a replicable model for other institutions and

companies.
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