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Abstract:

This abstract provides an overview of Professor Fernando Gomes de Souza Junior's lecture "Exploring the
Synergy of Biofuels and Artificial Intelligence,” presented at the IBMEC Lecture's Discussion Series on Industry
and Energy on September 6, 2023. Prof. Gomes, an accomplished researcher in polymer science and
nanotechnology, discusses the intersection of biofuels and artificial intelligence. He highlights the importance of
leveraging machine learning and data mining techniques to harness the vast knowledge repository in renewable
energy research. Prof. Gomes presents a groundbreaking 2023 study that utilizes advanced computational tools
to analyze the dynamics of nanocatalysts in biofuel production, revealing insights into research trajectories,
global trends, and shifting focal points. He further discusses the application of machine learning in optimizing
biodiesel synthesis, emphasizing its potential for enhancing efficiency and economic benefits in biofuel
production. Prof. Gomes underscores artificial intelligence's significance in shaping biofuel research's future and
encourages researchers to embrace emerging trends in this transformative field.

Contextualization: Prof. Fernando Gomes presented "Exploring the Synergy of Biofuels and Atrtificial

Intelligence" at IBMEC Lecture's Discussion Series on Industry and Energy, held on September 6, 2023.
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Professor Fernando Gomes’ talk:

Ladies and gentlemen, a warm greeting to all. | am thrilled to be here today, ready to embark on a
captivating journey into the intersection of biofuels and artificial intelligence. My name is Professor Fernando
Gomes, and | am proudly associated with the Institute of Macromolecules at the Federal University of Rio de
Janeiro. Additionally, 1 am privileged to be a part of COPPE, where my primary focus revolves around the

dynamic fusion of nanotechnology with engineering and technology.

Analise de Mercado
Industria&Energia

Figure 1. Event Speakers. Pictured from left to right: Professors Antonio Santos Lima, Fernando Gomes,
Jairo Bastos, Orlando Ribeiro, and Clayton Jones. Image available at
https://media.licdn.com/dms/image/D4D22AQHZ1Wi]-5yjzcQ/feedshare-
shrink 2048 1536/0/16939636711407e=1697068800&v=beta&t=EN6mMMJIYXVY_ 46V8cv6n5XxAdQCIDHHNtFTIHpdD Sau
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| must express my deep gratitude for the invitation to this lecture. IBMEC (Instituto Brasileiro de
Mercado de Capitais) group holds a special place in my heart, and today's gathering marks my first in-person
visit since the pandemic. The ongoing discourse surrounding industry and energy at my home institution has
been riveting.

Throughout my professional voyage, | have dedicated myself to the study of transforming
micromolecules into biopolymers. However, at a critical juncture, | became intrigued by the possibility of
reversing this process—converting macromolecules into biofuels. This path has proven to be nothing less than
exhilarating.

A substantial portion of my research endeavors is conducted within the confines of the Federal
University of Rio de Janeiro, specifically at the Institute of Macromolecules. Here, | lead the Laboratory of
Biopolymers and Sensors. Our unwavering commitment lies in harnessing the potential of polymers for
environmental conservation and enhancing the quality of life.

The realm of biopolymers presents unique challenges, primarily due to the heightened costs. While the
prevailing narrative champions sustainability, the stark reality is that biopolymer initiatives tend to be
approximately 25% more expensive than their petrochemical counterparts. The key, therefore, lies in value
addition. This is often achieved by leveraging nanoparticles to enhance their properties, opening doors to
diverse applications such as sensors, environmental remediation systems, and drug delivery mechanisms.

Reflecting on the foundation of my academic journey, it commenced with a Bachelor's degree in
Chemistry Education from the Federal University of Espirito Santo in 1999. Subsequently, | pursued Materials
Science and Engineering, earning a Master's degree from the State University of Norte Fluminense Darcy
Ribeiro in 2002. My relocation to Rio de Janeiro saw me embark on a doctoral program in Polymer Science and
Technology at the Federal University of Rio de Janeiro in 2006. This academic quest was further complemented
by a post-doctoral program at COPPE/UFRJ in Chemical Engineering in 2008. Today, | hold the position of
Associate Professor IV at the Institute of Macromolecules at UFRJ and have been a Full Professor at the
Nanotechnology Engineering Program of COPPE/UFRJ since 2019.

Over the years, my journey has been adorned with numerous accolades, including recognition as the
Young Scientist of the State of Rio de Janeiro (FAPERJ-2015), Scientist of the State of Rio de Janeiro
(FAPERJ-2021), Chair of Nanoscience and Nanotechnology at Mahatma Gandhi University in India (2018), and
the designation of Researcher 1D CNPq in 2023. For a comprehensive overview of my work, you can explore
my profile at http://lattes.cnpq.br/3049721573449880.

My work boasts 214 journal articles, 13 books, and 25 chapters. My contributions have garnered

widespread recognition, evidenced by 2,379 citations and an H-index of 29 on the Web of Science. On
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SCOPUS, my work encompasses 125 works and 2,342 sources. Additionally, as of February 8, 2023, | have
amassed 282 pieces, 3,286 citations, and an H- index of 34 on Google Scholar. My primary research focus
revolves around polymeric nanocomposites derived from renewable resources, intending to drive innovation and
foster the adoption of these materials across industries.

Throughout my career, | have had the privilege of guiding numerous students: 29 master's theses as the
principal advisor, 4 as a co-advisor, 12 doctoral theses as the chief advisor, and 7 as a co-advisor. In addition, |
have overseen 17 undergraduate final projects, 139 scientific initiation projects, 9 post-doctoral projects, and 92
projects of various natures. | am actively advising 6 master's theses, 6 doctoral theses, 2 undergraduate final
projects, 18 scientific initiation projects, 3 post-doctoral projects, and 4 projects of other natures.

My editorial endeavors include serving on the editorial board of the Current Applied Polymer Science
since 2016, where | have held the position of Chief Editor since 2020. | have also been an Associate Editor for
the MedCrave Online Journal (MOJ) Polymer Science since 2017, an Honorary Editor for the Academic Journal
of Polymer Science since 2018, and a board member of Composite Interfaces since 2021. In 2021, | founded the
Brazilian Journal of Experimental Design, Data Analysis, and Inferential Statistics, where | serve as its inaugural
Chief Editor. Currently, | am coordinating a special edition of Topics in Catalysis and three Special Editions for
Materials MDPI, all of which delve into various aspects of hanomaterial applications. In summary, my research
endeavors focus on the intersection of nanotechnology and renewable materials, driven by a commitment to
nurturing the next generation of leading scholars and researchers.

Now, let us delve into the crux of our discussion: Why juxtapose machine learning with biofuels? The
linchpin here is data mining. Our government invests significantly in accessing data repositories. Leveraging this
treasure trove to discern research patterns and trajectories is paramount.

Let us pivot to a study from 2023 to shed light on this. Our objective was to unravel the dynamics of
nanocatalysts in biofuel production. An exhaustive literature survey yielded over a thousand related articles.
However, the sheer magnitude of this data made it virtually insurmountable without computational assistance.

As a result, we pioneered a software tool to distill and draw parallels among these articles. This enabled
us to weave connections between clusters of essays, utilizing metrics such as binding strength and publication
year. Such insights played a pivotal role in charting the future course for biofuel catalyst research.

The evolving narrative of renewable energy, particularly biofuels, has never been more relevant. With
the world's energy requirements surging unprecedentedly, the focus on alternative energy sources, especially
biofuels, has magnified manifold. The pivotal challenge, however, is efficiently tapping into the ever-growing
scientific knowledge repository to identify trends and patterns. In this context, machine learning and data mining

emerge as powerful allies.
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Our groundbreaking 2023 study, titled "Biofuels and Nanocatalysts: Python Boosting Visualization of
Similarities" (authored by Fernando Gomes Souza, Jr., Kaushik Pal, Jeffrey Dankwa Ampah, Maria Clara
Dantas, Aruzza Araujo, Fabiola Maranh&o, and Priscila Domingues, published in Materials 2023, 16(3)), stands
as a testament to this alliance. We harnessed the robust Scopus database, targeting keywords "biofuel" and
"nanocatalyst,"” yielding 1071 scientific articles. However, the enormity of this data necessitated the involvement
of advanced computational tools.

To this end, we leveraged the Visualization of Similarities Method within VOSviewer
1.6.18 software. This facilitated the automatic analysis of article titles and abstracts stored in Research
Information Systems (RIS) format. Subsequent processing using Python-powered software, incorporating
libraries like Kaleido, Matplotlib, and NumPy, among others, enabled us to discern complex relationships.
Precisely, we mapped pairwise relationships between clusters classified by Link Strength Between Items or
Terms (LSBI) and publication year.

The insights we gained were profound. For instance, our results underscored the sluggish publication
growth between 2009 and 2012. However, post-2013, there was a remarkable surge in publications, reflecting
global concerns over escalating energy prices and the undeniable environmental impact of anthropogenic
activities.

Our study further revealed that crucial countries, including China, India, Iran, and Saudi Arabia, are
leading in research output in this domain. Additionally, through advanced visualization techniques, we traced
the shifting focal points of research, from enzymes and electrodes to biodiesel yields, microalgae, and,
ultimately, the reduction of toxic pollutant gas emissions from diesel engines.

The innovations introduced in our study extend beyond unveiling research trajectories. Our Python-
based software can identify primary research clusters, highlight link strengths between terms, and even detect
duplicate words resulting from authors' acronyms and abbreviations.

In conclusion, our research has unlocked critical insights into the future of biofuels. As the world
grapples with environmental challenges, biofuels and machine learning collaboration offers a promising
roadmap to sustainable energy solutions.

Artificial intelligence is the cornerstone in this endeavor, deftly managing colossal datasets and
facilitating informed decision-making. Thus, mastering data mining techniques and system modeling becomes
imperative to fully harness the potential of these digital tools.

Beyond data mining, optimization is another domain ripe for machine learning applications. We routinely
employ numerical data to refine processes, where structured data organization remains paramount.

Our recent efforts revolve around enhancing biodiesel synthesis using geopolymer- based
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heterogeneous catalysts. The overarching goal is to streamline biodiesel production, focusing on efficiency and
cost-effectiveness, notably minimizing water consumption during washing.

As we set out to enhance biodiesel yield, our approach heavily relied on machine learning. We
examined the relationship between several input variables, such as the Index of Acidity, Density, and synthesis
time, and the resulting Biodiesel (%) yield. A noteworthy aspect of our methodology was the deliberate choice not
to preprocess the data, allowing our algorithms to work directly with the raw, unaltered dataset.

We systematically tested a variety of machine learning models using this dataset, yielding exciting
findings:

* k-Nearest Neighbors (kNN) performed exceptionally well, strongly influencing biodiesel yield.

* Neural Networks closely followed, providing valuable insights into yield variability.

* Decision Trees also showed promise in predicting biodiesel yield.
However, it's important to note that not all models delivered equally impressive results. For instance, the
Random Forest model performed reasonably well, while the Linear Regression model exhibited more modest

predictive capabilities.

Our exploration went beyond raw numbers. We conducted a Monte Carlo Simulation to test our top-
performing models—kNN, Decision Tree, and Neural Network—under varying biodiesel production parameters.
The simulation considered factors such as different types of oils and catalysts and ran for over 100,000
iterations. Based on this rigorous testing, we selected six synthesis formulations representing optimal biodiesel
production conditions.

Subsequently, new syntheses under these optimal conditions were carried out, and the resulting
biodiesel samples underwent further analysis.

Our findings underscore the significance of sophisticated machine-learning techniques in environmental
research. These techniques offer nuanced insights into biodiesel production and provide avenues for enhanced
efficiency and economic benefits.

In summary, artificial intelligence is heralding a paradigm shift in our biofuel research landscape. We
find ourselves on the brink of a technological revolution, and keeping pace with emerging trends and equipping
ourselves with the requisite skillset is non-negotiable.

| extend my heartfelt gratitude to our esteemed patrons and my diligent students. | am eager to engage
in a vibrant discussion and delve deeper into the nuances of our research. Thank you for your unwavering

attention.
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