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Methodological Foundations: Preparation and Electrochemical Evaluation of Materials for
Fuel Cell and Electrolyzer Electrocatalysts

Juan Carlos Carrilho Rodriguez (CIMAV, Mex)
Description:

The transition from a synthesized catalyst powder to a high-performance electrode is one of the
most sensitive steps in electrochemistry. This mini-course is designed to provide researchers

and students with a rigorous framework for preparing catalytic inks and executing standardized
evaluation protocols. The focus is strictly on the interface between the material and the
electrochemical environment, ensuring reproducibility and accuracy in performance reporting.

Course Syllabus:

* Catalytic Ink Engineering: * Selection of dispersion media (solventes and additives).
* Optimizing the ionomer-to-catalyst ratio (Nafion/Catalyst interaction).

* The role of ultrasonication and homogenization in ink stability.

* Electrode Fabrication Protocols: * Practical techniques for drop-casting on Glassy Carbon (GC)
electrodes.

* Standardized Electrochemical Evaluation: * Standardizing the setup: reference electrodes and
electrolyte purity.

* Specific protocols for Oxygen Reduction Reaction (ORR), Hydrogen Evolution Reaction (HER),
and Oxygen Evolution Reaction (OER).

* Advanced Data Analysis: * Precise calculation of Electrochemically Active Surface Area (ECSA).

Methods for iR-drop compensation and Tafel slope extraction to determine intrinsic activity.
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Wake rotation Analysis of Dual-Rotor Applied to Axial Turbines
J.LR.P.Vaza,D.A.T.D.doRioVaza, E.F. Lins b

a Department of Engineering Energy, Ananindeua Campusis, Federal University of Para.
b Department of Mechanical and Manufacturing Engineering, University of Calgary.
Abstract

Dual-rotor turbines have been studied in recent years as an alternative to improve turbine
performance. The use of dual rotors enables the extraction of residual energy from the flow after
passing through the first rotor, increasing efficiency. This configuration of two rotors is especially
important for horizontal axis hydrokinetic turbines, as depth is a big limitation in small rivers.
However, there are still challenges on theories to explain how the second rotor depends on the
first one. This study conducts a mathematical analysis of dual-rotor turbines, combining axial
momentum theory applied to actuator disks, including wake rotation. The study evaluates dual-
rotor configuration and determines its characteristics based on variables of interest, such as axial
induction factor, pressure coefficients, and operating conditions. The result indicates a potential
efficiency increase exceeding 8%, on the theoretical maximum power, compared to conventional
single rotor, and the pressure coefficient drives this increase. Another important resultis that,
depending on the operating condition, the power coefficient can exceed 70% the theoretical
value for a single-rotor. The proposed methodology provides simplified and properly validated
models to support the design of turbines adapted to unidirectional flows, such as hydrokinetic
turbines applied to rivers of one way streaming, contributing to the advancement of sustainable
energy solutions.



Al Paradoxes: Between Model Scalability and Energy Efficiency Limits
Prof. Dr. Marcelo Ricardo Souza Siqueira

Universidade Federal do Amapa.

Abstract:

The expansion of large-scale language models has introduced challenges that go beyond
algorithmic innovation, directly impacting global energy infrastructure. This lecture analyzes the
correlation between the operational costs of current models— reflected in token pricing and
processing architectures—and the actual physical demand for electricity. Drawing on updated
data from official sources, the presentation discusses how increasing computational capacity
necessitates a revision of sustainability strategies and the responsible use of resources in data
centers. From a physics education perspective, it proposes a technical analysis of energy
conversion and dissipation processes, turning technological consumption into a scientific and
pedagogical object of study. The goal is to provide a critical view on how optimizing available
technologies can coexist with environmental preservation, fostering a deeper understanding of
artificial intelligence's impact on the contemporary energy landscape.



Micro hydropower as a sustainable solution to energy poverty in rural Amazon: technical-
ecological issues

André Luiz Amarante Mesquita
Laboratory of Fluid Dynamics and Particulate, Federal University of Par3,

Tucurui, Brazil.

The energy from large hydropower arrives at the rural grid, mainly through single- phase with
ground return systems, which do not allow the implementation of small, efficient production
systems, either because of a lack of equipment with single-phase motors, poor-quality energy,
or the high cost of energy. Moreover, around one million people remain without access to
electricity. To combat energy poverty in the Amazon, micro hydropower plants (MHPs) offer an
attractive solution, given the thousands of small rivers in the region's watershed basins. The
region's topology also dictates a very low-head (VLH) configuration. However, barriers to fish
migration are a major problem. In this context, Fish-Friendly Turbines (FFT) are mandatory for
these MHP projects. Also, Fish Passage Systems (FPS) are a key requirement for the
sustainability of decentralized renewable energy solutions in ecologically sensitive areas. This
work presents a critical review of the literature on two fundamental aspects of sustainable
MHP: the design criteria for FFTs to consolidate design parameters for VLH turbines that
minimize fish mortality, and the identification of the main parameters that influence FPS
functionality and their relationship to the technologies currently available for practical
implementation. For FFT, emphasis is placed on VLH low-speed turbines with few, thick blades,
explicitly designed to increase post-passage survival rates.

Case studies indicate that it is possible to approach the efficiency of conventional axial turbines
while simultaneously targeting immediate survival rates above 95-98% for fish, provided these
criteria are met. It is shown that the design and selection of FPS require integrating ecological
parameters, including target species, body size, swimming capacity, and burst speed; hydraulic
and technological parameters, such as slope, discharge, velocity distribution, flow acceleration,
pressure variation,and turbulence metrics; and water quality, particularly dissolved oxygen and
aeration. The findings of this review underscore the need for interdisciplinary research and
pilot-scale initiatives to refine design criteria and support sustainable MHP, reinforcing the
importance of context-specific approaches that integrate ecological functionality, technical
feasibility, and socioeconomic constraints to minimize energy poverty in the rural Amazon.



