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WELCOME TO ETRI 2022

ENERGY TRANSITION RESEARCH AND INNOVATION
SAO PAULO, 25-27 OCTOBER 2022

After two turbulent years of the COVID-19 pandemic, we are delighted to be
able to meet again at ETRI 2022 Energy Transition Research and Innovation at the
University of Sdo Paulo, the annual conference of the RCGI Research Centre for

Greenhouse gas Innovation.

In addition to the great satisfaction of seeing colleagues again away from the
computer screens, the 2022 conference presents the progress of the research underway
in the six RCGI programs. We will have 144 papers presented in parallel sessions and
posters, in addition to 3 keynote talks, panel discussions and a special moment of

innovation on the last day of the event.

Clearly, combating climate change is at the heart of everything that is done at
RCGI. But this year, we would like to propose a specific reflection in the wake of the most
disruptive years of our generation: How will the efforts to neutralize greenhouse gas
emissions be articulated in the midst of adversity, geopolitical instabilities, institutional
crises and break of continuity in different aspects of our lives? What are the concrete and

immediate steps so that the emission neutrality targets are still achievable?

The goal of achieving a sustainable agenda during the energy transition has
not changed. Their boundary conditions have changed. In this context, we invite the
scientific and technological community engaged with the topic to debate in yet another
ETRI.

You are all very welcome. Enjoy the conference!

Prof. Gustavo R. S. Assi

RCGI Director for Innovation, ETRI Chairman
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GENERAL PROGRAM

TUESDAY, 25 OCTOBER 2022

Registration

Opening ceremony

Prof. Gustavo Assi, ETRI Chairman RCGI Director for Innovation, University of Sdo Paulo

Prof. Julio Meneghini RCGI Scientific Director, University of Sdo Paulo
Dr. Olivier Wambersie General Manager R&D and Innovation, Shell

Prof. Reinaldo Giudici Dean of Escola Politécnica, University of Sdo Paulo
Ajay Mehta

Vice President Engineering Technology and Chief Engineer R&D, Shell Group

Getting to Net Zero — Mission Possible

Poster session A (with coffee break)
Choose two presentations to follow from the POSTER PROGRAMME.

Panel: Technological challenges for energy transition... after "intense turbulence’

Panelists Olivier Wambersie
Gustavo Assi (moderator) Ajay Mehta
Paulo Artaxo

Julio Meneghini

ETRI 2022 Excellence Award

Closing remarks
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GENERAL PROGRAM

WEDNESDAY, 26 OCTOBER 2022

Welcome

Opening

Welcome and notices
Parallel session |

1.1 - Auditorium

1.2 - Mezzanine room 2
1.3 - Mezzanine room 3
1.4 - Mezzanine room 4

Choose your presentations from the PARALLEL SESSIONS PROGRAMME.

Poster session B (with coffee break)
Choose two presentations to follow from the POSTER PROGRAMME.

Parallel session Il

1.1 - Auditorium

1.2 - Mezzanine room 2
1.3 - Mezzanine room 3
1.4 - Mezzanine room 4

Choose your presentations from the PARALLEL SESSIONS PROGRAMME.

LUNCH BREAK

Parallel session I

II.1 - Auditorium

1.2 - Mezzanine room 2
1.3 - Mezzanine room 3
.4 - Mezzanine room 4

Choose your presentations from the PARALLEL SESSIONS PROGRAMME.

Poster session C (with coffee break)
Choose two presentations to follow from the POSTER PROGRAMME.

Parallel session IV

IV.1 - Auditorium

IV.2 - Mezzanine room 2
IV.3 - Mezzanine room 3
IV.4 - Mezzanine room 4

Choose your presentations from the PARALLEL SESSIONS PROGRAMME.

Closing remarks
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THURSDAY, 27 OCTOBER 2022

Welcome

Opening

Welcome and notices

Carolina Rio
NBS technology leader, Shell

Innovation ecosystems

Innovation from a start-up perspective: cases from Carbonic and Moftech

Maité Lippel Gothe, Carbonic
Dagoberto de Oliveira Silva, Moftech

Poster session D (with coffee break)
Choose two presentations to follow from the POSTER PROGRAM.

Panel: Challenges for high-tech innovation

Panelists Carolina Rio

Gustavo Assi (moderator) Camila Farias
Maité Gothe
Dagoberto Silva
Raul Lima

LUNCH BREAK

Parallel session V

V.1 - Auditorium

V.2 - Mezzanine room 2
V.3 - Mezzanine room 3
V.4 - Mezzanine room 4

Choose your presentations from the PARALLEL SESSIONS PROGRAM.

Poster session E (with coffee break)
Choose two presentations to follow from the POSTER PROGRAM.

Paulo Artaxo
University of Sdo Paulo

Where is the “tipping point” for the Amazon Forest?

Closing ceremony



PARALLEL SESSION I

PARALLEL SESSION 11

Parallel session | - room 1 (auditorium)

Diego Hayashi ~ Topology optimization design considering the Wray-

Alonso Agarwal turbulence model
Bruno Souza Towards the end of the project STMI: achievements
Carmo and way forward

Jonas Mendonga An automated approach to generate 2D datasets for
Targino seismic data

Andre Estimation of forest fire source term in the Brazilian
Kubagawa Sato  Amazon

Parallel session | - room 3 (mezzanine)

Alexandre de Using MCDA techniques to organize standardization
Barros Gallo priorities: The hydrogel case study

Alberto J. Fossa  Standardization of Carbon Dioxide Capture,
Transportation, Utilization and Storage (CCUS) —
Current developments at ABNT and I1SO

Cylon Liaw Building a CCUS standardization observatory — First

steps towards an insightful tool

Renato V. Light-driven Water Splitting to Produce Solar Fuels
Goncalves

Parallel session Il - room 1 (auditorium)

Anderson Soares On the topology optimization of rotor and stator 2D-
swirl labyrinth seal design considering forward and
backward laminar fluid flow

Shahin Design of Labyrinth Seals for Carbon Capturing
Ranjbarzadeh Compressors: Topology Optimization and
Experimental Approaches

Renato Picelli Towards Structural Topology Optimization of

Sanches Rotating Machinery Considering Fluid-structure
Interaction, Turbulence models and 2D-swirl Fluid
Flow

André Dantas Baseline and worn labyrinth seals geometry effect

Freire on the leakage evaluation using a numerical
approach

Parallel session Il - room 3 (mezzanine)

Heberton Spontaneous conversion of CO2 and sulfite to energy
Wender using a photocatalytic fuel cell

Primaggio Silva  Studying Supported Cu & Ag Nanoparticles on 2D
Mantovi MXenes to Enhance C2+ Products at CO2RR

Antonio Carlos  Electrochemical CO2 reduction on functional

Roveda Jr. molecule-modified copper surfaces
Louise Hase Greenhouse gas-based microalgae bioproducts: A
Gracioso potential biotechnology strategy

Parallel session | - room 2 (mezzanine)

Bruno Navarro  Impact of the ScRAV1-mediated growth acceleration
on sugar accumulation and biomass production of
sugarcane

Lauana Oliveira Strategies to improve the growth and yield of

e Leandro sugarcane plants: amino acids and hormonal profile
Oliveira

Marcos Sugarcane and new bioenergy resources
Buckeridge

Vitor Favaretto A vector toolbox for CRISPR-mediated genome
Pinoti editing in sugarcane

Parallel session | - room 4 (mezzanine)

Thaiz da S. Elaboragdo de propostas de normalizagdo

Vescovi Chedid  internacional e servigos de advocacia para
implantagdo e consolidagdo de marcos legais,
resulatérios e de normas nara contribuir com os

Helen Tatiana IDENTIFICATION OF TWITTER'S DIGITAL

Takamitsu INFLUENCERS ON ENERGY TRANSITION FOR THE
DEVELOPMENT OF EFFECTIVE SCIENTIFIC
COMMUNICATION STRATEGIFS.

Karen Louise Social Perception and Science Diplomacy on

Mascarenhas Technology Transitions towards a low carbon society
(applications associated with NBS, CCU, GHG and
BECCS)

Karen Louise Key factors of social perception and acceptance of

Mascarenhas energy low-carbon solutions

Parallel session Il - room 2 (mezzanine)

Bernardo Lemos PERFORMANCE OF POLYNOMIAL EXPANSION IN THE
DETERMINATION OF THE 2D VECTOR FIELD OF A
BUBBLE FLOW IN AN ELECTROLYZER: AN ANALYSIS
RY SYNTHFTIC IMAGFS

Alex Marchezini  Protonic conductive electrolytes for high-

Graga temperature solid oxide electrochemical cells.

Thiago Lopes Development of an Electrolytic Concentrator of

Vinasse
Nelson Electrocatalysts for hydrogen production by ethanol
Alexandre electrochemical reforming

Galiote

Parallel session Il - room 4 (mezzanine)

Pedro Brancalion Restoration of native vegetation for carbon
sequestration — Restore.C

Mauricio Soil carbon sequestration through integrated
Roberto agricultural systems in Brazil

Cherubin

Chukwudi Integrated Agricultural Systems: the solution to the
Nwaogu global FEES challenges

Danielle Nature-based solutions: Sustainable development of

Mendes Thame Latin America
Denny




PARALLEL SESSION Il

PARALLEL SESSION IV

Iv.3

Parallel session Ill - room 1 (auditorium)

Caetano Computational design of nanomaterials by coupling
Rodrigues molecular simulations with topology optimization
Miranda

Diego Silva Topology Optimization for Temperature Swing
Prado Adsorption Multi-Staged Fluidized Bed

Marcelo Seckler Post-combustion CO2 capture from biomass flue-gas
through adsorption process

Helio Henrique  Turbulent oxy-combustion flame stability diluted
Santomo with CO2
Villanueva

Parallel session Il - room 3 (mezzanine)

Dielle Pierotti
Procépio

Conversion of CO2 into biopolymers by the
regulation of polyhydroxyalkanoates (PHAs)
biosynthetic pathway using the photosynthetic
cvanobacteria Svnechocvstis sn.

Leticia Oliveira  Unraveling the potential of blue-green algae
Bispo Cardoso  biomass for bioethanol production

Camylle BIOPROSPECTION AND IDENTIFICATION OF
Guimardes MICROALGAE FROM MANGROVES AS FEEDSTOCK
Scheliga FOR BIOETHANOL PRODUCTION

Antonio C. B. A new protocol for the synthesis of carbamates and
Burtoloso isocyanates from CO2

Parallel session IV - room 1 (auditorium)

Diana Azevedo
CO2 capture by 13X zeolite

Diego Zilli Lima Numerical structural analyses of centrifugal
compressors operating with co2 in a supercritical
state

Leandro Oliveria Design Strategy for Enhanced Oil Recovery

Salviano Compression Systems Operating with S-CO2
Felipe Silva Topology optimization of compressible flows using
Maffei TOBS-GT method

Parallel session IV - room 3 (mezzanine)

Luciano The role of the oxygen vacancies in the isobutene
Honorato Chagas synthesis from ethanol

Gabriel L. Catuzo Catalytic conversion of CO2 to higher alcohols

Adolfo Figueredo CO2 conversion into ethanol using catalyst based on
combinations of rhenium and noble metals.

Lais Reis Borges CO2 hydrogenation over Fe oxides catalyst: the
effect of pretreatment synthesis on hydrocarbons
selectivity

Impact of competitive adsorption of H20 and SO2 on

Parallel session lll - room 2 (mezzanine)

A Felipe Berto
Ometto

Green hydrogen production in ethanol-fed SOEC
systems

B Colombo Celso  CO2 geological storage in Rio Bonito Formation:
Gaeta Tassinari  contribution for negative CO2 emissions through
BECCS in southeast Brazil

C Germano Development of materials for hydrogen production

Tremiliosi Filho  via ethanol reform

D Richardson M.
Abraham-A

CO2 storage efficiency considering the sandstone
units of the Rio Bonito Formation within southwest
Séo Paulo.

Parallel session lll - room 4 (mezzanine)

Greenhouse gas emissions in crop-livestock and crop-
livestock-forestry systems in Brazil: a bibliometric
analysis

A Wanderlei
Bieluczyk

B Martha Lustosa Nature-based solutions for climate change
Carvalho mitigation: a literature overview

C Carlos Eduardo  Improving pasture management as NBS for soil
Cerri carbon sequestration in Brazil

D Carlos Eduardo  Estoque de carbono organico do solo (C) em
Pelegrino Cerri fitofisionomias campestres ou de savana nao
antropizadas nos biomas do Brasil, uma revisdo

sistematica de dados publicados

IV.2 |Parallel session IV - room 2 (mezzanine)

A Alexsandro Kirch The role of water for the CO2 uptake in clays

B Haline V. Rocha CO2 geological storage in Rio Bonito Formation
coalbeds integrating a BECCS system

C Jessica Santos Multiscale modelling of reactive transport and CO2
Rego mineral trapping mechanisms at the Rio Bonito
geological formation

Recovery of alkali metals using electrodialysis cell: a
computer fluid dynamics analysis

D Bernardo Luiz
Harry Diniz
Lemos

IV.4 |Parallel session IV - room 4 (mezzanine)

A Migue Vera
Moreno

A Citizen Science Approach to improving public
perception of low carbon society

B Thiago Brito Science Diplomacy in the context of Climate Change:

a bibliometric analysis

C Mariana Ciotta Low-carbon technologies and their association with
sustainable development goals

D Carlos Alberto  Improving the industrial ethanol fermentation using
Labate metabolomics and Maldi-TOF




PARALLEL SESSION V

Paulo Eduardo  Thermodynamic analysis of multistage carbon
Batista de Mello dioxide compressor: life cycle condition

Wallace STRUCTURAL, VIBRATION ANALYSES AND
Gusmdo Ferreira OPTIMIZATION OF CENTRIFUGAL COMPRESSORS
FOR SUPERCRITICAL CO2 APPLICATIONS

Emilio Carlos TOPOLOGY OPTIMIZATION OF COMPRESSIBLE
Nelli Silva SUBSONIC TURBULENT FLOW CONSIDERING FLUID-
STRUCTURE INTERACTION

Lucas Oliveira  Topology Optimization of Fluid-Structure Interaction

Siqueira Problems Considering Natural Frequency Constraints
Nathalia Understanding and optimizing the functioning of
Florencia Barros selected locally available oxygen carriers for
Azeredo Chemical Looping Combustion (CLC)

Parallel session V - room 3 (mezzanine)

Liane M. Rossi  Introducing the Carbon Capture and Utilization
(CCU)-RCGI Programme

Maité Lippel Rhenium-based catalysts for the conversion of CO2
Gothe to higher alcohols

Raphael da Silva DFT Simulation of the CO2 Reduction Mechanism on
Alvim the Mixed-Oxide Catalysts

Dyovani Bruno  Investigating the perfomance of molybdenum
Lima dos Santos catalysts in the CO2 hydrogenation for higher
alcohols production

Alvaro Torrez A machine learning model for adsorption energies of
chemical species applied to CO2 electroreduction

Romulo Luz
Cortez

Fereshteh
Razmara

Dagoberto de
Oliveira Silva

Daniel de
Carvalho Santos

Evandro
H.Figueiredo
Moura da Silva

Structural Topology Optimization Including Smooth
Boundaries Representation

Topology optimization of non-isothermal PEM fuel
cell cathode flow field

MOF's to “Agrotechnology”: CO2 Capture and
Nutrients delivery

Computational study of homogeneous catalysts
based on non-noble metals in the production of C2+
molecules using CO2 as the primary source of C1.

Enhancing crop system models for C and N balances:
long-term scenarios to improve sustainable
agricultural management practices

Parallel session V - room 4 (mezzanine)

Matheus Serra
de Holanda

Andressa Mota-
Lima

Suani Teixeira
Coelho

Suani Teixeira
Coelho

Carlos Alberto
Martins junior

Synthesis and characterization of nanostructured
materials for application in nanofiltration
membranes

Electrochemical Technologies for Direct Lithium
Extraction from Geothermal Sources and their
Industrial Processes

LCA study of the uses of vinasse produced in the

sugar-energy sector

CO2 CAPTURE POTENTIAL IN THE SUGAR AND
ETHANOL SECTOR IN BRAZIL AND SAO PAULO STATE

Molecular Simulations of Boric Acid Filtration by
Carbon Structures

Energy Transition
RESEARCH & INNOVATION




POSTER SESSION A

POSTER SESSION B

Poster session A - East Hall Poster session A - West Hall

1 Vitéria Cruz Paluri  Avaliagdo do potencial de armazenamento 7 Andre Luis Ferreira Solar Energy and Data Science: a prediction model
Piedade geoldgico de CO2 na ocorréncia de gas de Cuiaba Marques for the Amazon Basin
Paulista, Bacia do Parana, através de modelagem
geoldgica implicita 3D

2 Verena M Evaluation of microbial fuel cell for electricity 8 Tiago Valmérbida  CFD Simulation of a fluidized bed reactor using
Kaminagakura generation from niobium-modified electrodes Dell'Oso Prado discrete element method in OpenFOAM
3 Jessenia Brillit Development of BiVO4 particles with exposed facets 9 Diego Miranda de  Development of new Deep Eutectic Solvents (DES)
Villaverde Herrera to boost light-driven CO2 reduction into solar fuels Souza Costa for CO2 capture
4 Luana N. R. Paula  Alcohols Production from CO2 Hydrogenation on Cu- 10 Ricardo Pagio Betini What influences public perception of the use of
UiO-67 catalysts using H20 as source of hydrogen hydrogen as a source of energy?
5 Miguel Ramon Synthesis and characterization of heterogeneous 11 Maria Fernanda STATE OF THE ART OF THE SOCIAL PERCEPTION OF
Infante Guerra catalysts for dimethyl ether production via methanol Guidi RENEWABLE ENERGIES - WIND AND SOLAR
route.
6 Carolina S. Costa Development of a Catalytic Process for the 12 TeresaDuarte First principles studies of ZIF-67: structural
Conversion of y-Butyrolactone Into High Added Lanna transitions on mesoporous materials for membrane
Value Products Using Supercritical CO2 technologies

Poster session B - East Hall Poster session B - West Hall
1 Jodo B. D. Moreira Integer linear programming applied to inversion 7 Lucas de Oliveira Neural network model for classification of net CO2
problems in time domain acoustic wave propagation Bauer fluxes scenarios in the Tapajos Forest, Amazon.
2 Fabiana Matos de  Lanthanum strontium-doped manganite modified 8 Giovanni Cesar Technical and economical feasibility study of the use
Oliveira with nickel for SOFC applications Meira Barboza of Brazilian biomass in chemical looping combustion.
3 Lorenzo K Follador  Effects of CO2 dissolution in electrochemically- 9 Gabriel Silveira dos Functionalized hyperbranched polyglycerols for
relevant lonic Liquids Santos applications in the capture of CO2 and catalysis.
4 lucas Duriguettto  CO2 hydrogenation to higher alcohols catalyzed by 10 Guilherme Porfirio  Understanding the Public Perception in CCS
ReOx/MgO Baccari literature
5 Luciano Honorato  The acetic acid synthesis from ethanol and water: 11 Gustavo Chagas de Citizen Science Approach to the Creation of a
Chagas The role of Al in the Cu, Zn, Al-based catalyst. Morais Molecularium
6 Elen Maria Catalytic conversion of short-chain alcohols using 12 Rafael dos Santos  Separation of Li+/Na+ ions by using nanoestructured

Feliciano Pereira CO2 as auxiliary gas Domingues materials, polarization and DFT calculations




POSTER SESSION C

POSTER SESSION D

Poster session C - East Hall

1 Jaime Freire de
Souza

2 Murilo Gomes de
Oliveira

3 Leonardo
Domenico De
Angelis

4 Bruno Manduca

5 Bryan Alberto
Laura Larico

6 José Henrique
Marques

simwave - A Finite Difference Simulator for Acoustic
Waves Propagation

Microkinetic Modeling of Ethanol Electro-oxidation
Reaction

Study of CO2 plasmon-assisted electroreduction
over Cu20-Au nanostructures towards C2
compounds synthesis

A metal-organic framework/grafitic carbon nitride
composite as photocatalyst for CO2 reduction to
methanol

Conversion of ethanol to chemicals using rhenium
oxide catalysts

The influence of the Si/Al ratio on the formation of
mesopores in SSZ-13 zeolite by the treatment with
NH4HF2

Poster session D - East Hall

10

11

12

Poster session C - West Hall

Itiara Mayra
Barbosa de
Albuquerque

Giovanni Rodrigues
Morselli

Geraldo Lavigne de
Lemos

Celso da Silveira
Cachola

Dindara Silva
Galvao

Bruno José Nagy
Antonio

Ad 1t of CO2 i
measurements for Central Amazonia

CO2 and SO2 Capture by Deep Eutectic Solvents:
vibrational spectroscopy and DFT calculations

The methodology developed by the RCGI ad! y
group to collect quantitative and qualitative data in
climate change themes

State of the art of carbon capture in the industrial
sectors: an overview

Molecular storytelling on diffusion of low carbon
society technologies

Design and optimization of centrifugal compressors
operating with carbon dioxide and mixtures of
methane and carbon dioxide

Poster session D - West Hall

1 Alexandre Olender

2 Nathélia Weber

3 Lazara Hernandez
Ferrer

4 Felipe Machado

5 Fagner Rodrigues
Toddo

6 Lucas Rodrigues da
Silva

Software development for inverse problems in time
domain acoustic wave propagation using higher
order finite elements

Rio Bonito Formation suitability for permanent CO2
storage

“Enhanced electrochemical reduction of N2 with
materials of plasmonically active metal
nanoparticles, (Au, Ag, Pd, Ru) and (Mo, Ti, Ce),
combined with n-type semiconductors.”

Effect of rhenium precursor and composition on the
catalytic performance of ReOx/Ti02

Development of Catalysts for the Direct Conversion
of CO2 into Higher Alcohols

Synthesis and Characterization of Porous Carbon
Materials as Catalysts for CO2 Hydrogenation

10

11

12

Lucas Neves B S
Ribeiro

Matheus Finamor

Karen Kristensen
Medaglia Motta

Alex Azevedo dos
Santos

Valentina Alzate
Rubio

Gabriela Oliveira

Experimental validation of labyrinth seals designed
by topology optimization

Greenhouse gases adsorption in ZIF-8 via first-
principle calculations

What is going on with Carbon Capture and
Utilization?

Atlas of Low-carbon technologies and Hydrogen
hubs for the Brazilian Descarbonization

CO2 geological storage opportunity in basalts of the
Parand Basin (Brazil): Perspectives from CO2
mineralization processes in the Serra Geral
Formation

Naphthalenediimide-containing metal-organic
frameworks for mixed matrix membranes designed
for CO2 separation




POSTER SESSION E

Poster session E - East Hall

Sabrina Candido
Nunes

Isabella Miranda

Bruna Bacaro

Borrego

Vinicio Simizu

Maria Luisa Zardo

Diego Sarmento
Duncan Lima

Evaluation of a microbial fuel cell for the generation
of electricity from thermophilic denitrification

Petrography and mineralogy of sandstones from the
Rio Bonito Formation, Parand Basin, as potential for
(EES]

Bioprospected Microalgae from Mangroves in a
Biotechnological Perspective: The Biorefinery
Concept

Design of catalysts to hydrogenation of carbon
dioxide into higher alcohols, such as ethanol,
propanol and butanol.

Succinic acid production by Bacillus spp. under
supercritical CO2

Synthesis of MWW and hierarchical lamellar
zeolites by mechanical treatment for application in
the Methanol to Olefins (MTO) reaction

10

11

12

Poster session E - West Hall

Julio Cano

Carlos Alberto
Martins Junior

Maxiane Cardoso

Giovana Turquetti

Victor Iwao
Oliveira Sumikawa

Jacqueline Teixeira
Santos

Optimization of a thermophilic microbial fuel cell
with optimized external resistance

Carbon Nanotubes for CO2/N2 Separation: Insights
from Grand Canonical Monte Carlo Simulations

Brazilian Policies and Legislation for greenhouse
gases

Bioenergy'’s Social Perception and Its Relevance to
Energy Transition

Scaling-up Strategies for Battery-like Electrodes
Deployed for Direct Lithium Extraction from
Geothermal Sources

Stability of water nanodroplets: modeling
atmospheric phenomena at nanoscale by molecular
dynamics

Energy Transition
RESEARCH & INNOVATION
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PARALLEL SESSION: I.1.A

Topology optimization design considering the Wray-Agarwal
turbulence model

Diego Hayashi Alonso - Polytechnic School of the University of Sdo Paulo, USP, SP, Brazil
Juan Sergio Romero Saenz - Federal University of Espirito Santo, ES, Brazil
Renato Picelli - Polytechnic School of the University of Sdo Paulo, USP, SP, Brazil
Emilio Carlos Nelli Silva - Polytechnic School of the University of Sdo Paulo, USP, SP, Brazil

Keywords: Fluid topology optimization; Turbulence; Wray-Agarwal model

Impact: For the design of a supercritical CO2 compressor, we come across one of the current
challenges of topology optimization, which is the design of such realistic devices.
Therefore, for enabling such type of design, the WA2018 model, which is as accurate
as the SST k-w model, and has advantages in a topology optimization point-of-view, is
formulated for topology optimization.

Highlights: 1. The Wray-Agarwal turbulence model (WA2018) is adapted for topology
optimization;
2. The TOBS approach, which relies on binary variables solutions, is considered in
turbulent flow optimization;
3. A nodal design variable is considered for the TOBS approach, allowing the use
of PDE-based pseudo-density filters (such as the Helmholtz filter).

Abstract:

In order to optimize a supercritical CO2 compressor, one highly interesting choice is the use of the
topology optimization method, which is the most flexible among the existing optimization methods
(parametric, shape, topology). However, making it possible to design industrial or more realistic fluid
flow devices is still one of the current challenges in fluid topology optimization. Therefore, it is
necessary to consider the turbulence models in more efficient ways inside the topology optimization
framework. The most commonly considered approach for modeling turbulent flows in topology
optimization is the RANS approach, which is also the least computationally expensive among the other
alternatives - such as DNS and LES. However, the RANS models that have been previously considered
in topology optimization (Spalart-Allmaras, k-€, and k-w models) require the calibration of two
additional topology optimization coefficients (normally through a trial-and-error approach). Therefore,
here the fluid topology optimization approach is reformulated for the Wray-Agarwal model (WA2018),
which incorporates the fluid flow modeling advantages from the k-€ model (freestream modeling) and
from the k-w model (near-wall modeling). It also relies on the solution of a single equation, also does
not need the computation of the wall distance. This means that this model requires selecting less
topology optimization parameters, while also being computationally less demanding in a topology
optimization iterative framework than the previously considered turbulence models in topology
optimization. A discrete design variables-based algorithm (TOBS) is considered, which enables
achieving clearly defined topologies (solid-fluid) - i.e., where the boundaries are clearly defined during
the topology optimization iterations - , while also featuring less dependency with respect to the
material model penalization in the optimization process (Souza et al. 2021) and the number of
optimization iterations until convergence may be reduced. The traditional pseudo-density material
model for fluid topology optimization is considered with a nodal (instead of an element-wise) design
variable, which enables the use of a PDE-based pseudo-density filter (Helmholtz filter) together with
the TOBS approach. Numerical examples are presented for some turbulent 2D swirl flow configurations
for illustrating the approach.

RCGI Project number: 37



PARALLEL SESSION: I.1.B

Towards the end of the project STMI: achievements and way forward

Bruno Carmo (Poli-USP), Emilio Silva (Poli-USP), Pedro Peixoto (IME-USP), Antoine Laurain (IME-USP),
Ernani Volpe (Poli-USP), Rafael Gioria (Poli-USP), Edson Gomi (Poli-USP), Hermes Senger (UFSCar),
Eduardo Fancello (UFSC)

Keywords: Seismic inversion; Numerical methods; Geophysics

Impact: The project STMI (Software Technologies for Modelling and Inversion, with
applications in seismic imaging) is coming to its end early 2023 and in this
presentation we are going to show the main achievements of the team after 4 years
of work, and discuss some of the possible ways forward for the research and
technology line we initiated within the scope of the other RCGI projects.

Highlights: We will show methods and results for some important aspects of seismic imaging,
namely sharp interface identification, absorbing boundary conditions, exponential
time-integrators, high-order spatial stencils, cycle skipping mitigation, automatic
differentiation, finite-element based FWI, automatic mesh generation, machine
learning techniques, applications of topology optimization, level set methods and high
performance computing aspects.

Abstract:

The project STMI (Software Technologies for Modelling and Inversion, with applications in seismic
imaging) is the only project of the Geophysics programme of the RCGI. It started in mid-2018 and is
going to end in early 2023, and in this presentation we will show the main achievements of the project
and the possible next steps for the research and technology lines that were initiated in the project. The
objectives of the project was to develop software technologies for high performance numerical
simulations and to solve inverse problems, which could enable scientists and engineers to develop and
test models easier and faster. The key characteristics for the developments are abstraction,
automatization, layering, flexibility, portability, performance and integration. The multidisciplinar team
was able to dive into techniques and applications that were new to us and give meaningful and solid
contributions on many aspects: sharp interface identification, absorbing boundary conditions,
exponential time-integrators, high-order spatial stencils, cycle skipping mitigation, automatic
differentiation, finite-element based FWI, automatic mesh generation, machine learning techniques,
applications of topology optimization, level set methods and high performance computing aspects. We
will also discuss the main outcomes of the last annual workshop of the project, which will take place
one week before the ETRI2022.
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An automated approach to generate 2D datasets for seismic data

Jonas Mendonga Targino (USP), Nelson Ricardo Coelho Flores Zuniga (USP), Hermes Senger (UFSCAR),
Edson Satoshi Gomi (USP)

Keywords: velocity model; model generator; seismic data;

Impact: The approach allows generating a large amount of samples with a wide variation of
features, to train, test and validate results produced by Machine Learning models. In
other words, was produced a python code that can use any 2D seismic data, to
produce another dataset with N samples, containing variations of layers, salt bodies,
faults, and water layer. This large amount of data is crucial to produce good results
using Deep Learning techniques.

Highlights: It is proposed a robust, broad, realistic, and parameterizable geological structure
model generator using the python programming language. This contributes to fixing
the problem related to the scarcity of open seismic data, which is very necessary
when developing a technique based on Machine Learning. More specifically use of
Deep Learning applied to seismic inversion.

Abstract:

There is a wide range of possible features in geological structures and, for this reason, it is a challenge
to model those characteristics. While RTM (Reverse Time Migration) and FWI (Full Waveform Inversion)
requires initial guesses as input data and are dependent on model accuracy to speedup calculation and
convergence, Neural Networks are complex and non-linear models that usually apply a stochastic
gradient descent algorithm that, despite not guaranteed to reach global minima, can produce low error
between predicted data and the ground truth, which also allows producing a degree of generalization.

The dependency of local minima in Neural Networks and the accuracy are tightly bounded to sample
size in different models and architectures, often being the first of the bottlenecks in network prediction
performance.

Modeling a realistic geological structure in a feasible manner is considering most of the characteristics
which compose each possible structural feature in geology, although this is not an efficient manner to
perform it in order to generate a significant number of models.

A robust, broad, realistic and parameterizable geological structure model generator contributes to
fixing one of the first concerns when developing a Neural Network model. In offshore hydrocarbon
exploration, some features are commonly found in geological structures related to potential carbonate
reservoirs, such as a thick water layer, big salt bodies, geological faults, and complex layered structures.

One of the problems in the seismic area is the scarcity of open seismic data. Considering that in many
applications the large amount of information is crucial, as in the case of predictions of seismic data
using deep learning techniques.

It is proposed to generate, in an automated manner, an arbitrarily large number of models from an
initial velocity model by performing operations that repurpose realistic structures and patterns into a
unigue combination not present in the original set of samples. This approach is possible by randomly
cropping and resizing samples, then adding modeled geological features, e.g. layered structures, salt
bodies, faults, water layer, etc. A direct result is to inflate a single 2D sample into unique variations and
therefore expand smaller datasets.

In the context of seismic inversion using Machine Learning, it is possible to generate a large amount of
samples, to train, test, and validate results produced by Machine Learning models.
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Estimation of forest fire source term in the Brazilian Amazon

Andre Kubagawa Sato, Thiago Castro Martins, Marcos Sales Guerra Tsuzuki. Computational Geometry
Laboratory, Department of Mechatronics and Mechanical Systems Engineering, Escola Politecnica da
Universidade de Sao Paulo

Keywords: Source term estimation, Inverse problems, Forest fire

Impact: As the urgency of action to avoid the major consequences of global warming rapidly
increases, it is important to improve the tools for a better understanding of
greenhouse effect gases sinks and emissions. In this sense, this work contributes to an
alternative indirect method for forest fire detection, responsible for a considerable
fraction of the Brazilian carbon emission.

Highlights: The work investigated the detection and characterization of forest fires using sensor
data from trace gases, using real data from the Amazon region in the experiments. By
adopting an adjoint model technique capable of detecting multiple fire focus, which is
a common occurrence. The developed algorithm was capable of detecting the fire
source using CO and CO2 as tracers.

Abstract:

Global warming is currently one of the most studied topics due to the urgency for a solution. In this
regard, understanding the impact of greenhouse gas (GHG) emissions and sinks is of utmost
significance. In Brazil, one of the important factors for carbon emissions is forest fires and their relation
with deforestation. Therefore, a robust forest fire detection mechanism is essential for analyzing and
controlling GHG emissions in Brazil. Currently, fires are mainly detected directly via satellite images,
which have a high detection rate. Nevertheless, due to its importance, it is proposed herein an indirect
method, to be used in conjunction with the current technic, to improve its efficiency. The proposed
methodology is based on the assumption that forest fires can be assumed as a composition of
concentrated trace gas or particle emissions, more specifically, of carbon monoxide (CO), carbon
dioxide (CO2), and particle matter (aerosols). By detecting the trace gas concentration in some
receptors around a fire, the source can be determined by solving an inverse problem, known as source
term estimation (STE). The complexity associated with the STE, as an inverse problem, arises from its
ill-posed nature, with sporadic, noisy, and sparse input data. Thus, for this work, the objective is to
define the parameters of the forest fire, from readings from a finite set of trace gases receptors. The
main approaches for the STE problem are adjoint models, optimization techniques, and Bayesian
inference, each requiring an atmospheric transport and dispersion (ATD) model. Whereas the two
latter methods are interactive, the former reaches the result directly, allowing for a more complex ATD
model to be adopted, such as the advection-diffusion. Moreover, it is inherently capable of detecting
multiple sources, which is appropriate for situations where multiple forest fires focus occur
simultaneously. Therefore, in this work, the adjoint advection-diffusion equation was solved for each
receptor to obtain the probability distribution of the source(s) location(s). The experiments used data
for the year 2018 in the Brazilian Amazon, considering CO, CO2, and aerosols as tracers. The results
showed that a single forest fire focus is detectable using the considered gases as inputs; however, the
aerosol data could not reach the same results, as the adopted ATD model is more appropriately applied
to gases.
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Impact of the SCRAV1-mediated growth acceleration on sugar
accumulation and biomass production of sugarcane

Navarro, B.V.; da Silveira, N.D.; Romim, G.H.; de Oliveira, L.P.; Grandis, A.; Cervantes, D.S.; de Oliveira,
L.F.; Macedo, A.F.; Floh, E.I.S; Buckeridge, M.S.
Department of Botany, Institute of Biosciences, University of Séo Paulo, Sdo Paulo, Brazil

Keywords: Bioethanol; Ethylene-responsive factor; Aerenchyma

Impact: The increase in the expression of the SCRAV1 transcription factor led to the
acceleration of sugarcane maturation by reaching high sucrose levels faster. This
strategy can potentially improve the sugarcane yield by reducing the harvest period.

Highlights: The overexpression of the ethylene-responsive transcription factor SCRAV1 directly
affected plant growth, showing a reduction in plant height and biomass, especially in
the roots. The transgenic lines showed increased sucrose content in culms. The
formation of aerenchyma was delayed in the transgenic lines.

Abstract:

Sugarcane is an essential crop known as a sugar and energy feedstock. The second-generation
bioethanol is obtained by the hydrolysis of the cell wall (lignocellulosic residues). It can potentially
increase bioethanol production, positively affecting crop productivity without altering planted areas. It
is estimated that with sugarcane expansion, Brazilian ethanol can provide a valuable portion of the
compensation for carbon dioxide emissions caused by fossil fuels. However, there are still gaps in the
comprehension of the cell wall structure, which maintains 1/3 of fermentable sugars that can be used
to produce second-generation bioethanol. One of these lacks concerns the regulation of cell wall
biosynthesis and degradation processes controlled by the available carbon status in the cells. In this
sense, a structure called aerenchyma found in sugarcane roots is characterized by large intercellular
spaces in the cortex cells formed by modulation of the cell walls. During aerenchyma formation, cell
wall changes are triggered by the ethylene-responsive transcription factor SCRAV1, which negatively
regulates the action of an endopolygalacturonase, a pectinase that acts on the middle lamella.
Understanding the endogenous hydrolysis processes occurring in the plant cell walls constitutes an
excellent strategy for improving the technology for obtaining second-generation bioethanol. Thus, this
work aims to elucidate SCRAV1's role during aerenchyma formation and its impact on the development
and maturation of sugarcane. In this way, transgenic plants overexpressing SCRAV1 were evaluated for
aerenchyma and culm formation, structural and non-structural carbohydrate contents, biomass
proportion, carbon assimilation capacity, and the expression of ScCRAV1-target genes. The increased
expression of SCRAV1 delayed the root aerenchyma formation, as well as a reduction in the root
biomass. Furthermore, more sugars were observed in transgenic lines without modification in the
carbon assimilation capacity. We also observed earlier maturation of the plants, which could impact
the first-generation bioethanol. This produced proof of the concept that it is possible to increase
bioethanol production capacity through the application of knowledge of the mechanisms that control
carbohydrate metabolism, which may involve regulating sugarcane aerenchyma formation.

RCGI Project number: 55



PARALLEL SESSION: 1.2.B

Strategies to improve the growth and yield of sugarcane plants: amino
acids and hormonal profile

Lauana P. de Oliveiral,3#, Leandro F. de Oliveira2,3#, Bruno V. Navarro1,3, Marina C. M. Martins
Soldi3, Amanda F. Macedo2,3, Marcos S. Buckeridgel,3, Eny I. S. Floh2,3
#These authors contributed equally.
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Universidade de Sdo Paulo

2Laboratdrio de Biologia Celular de Plantas, Departamento de Botdnica, Instituto de Biociéncias,
Universidade de Sdo Paulo

3instituto Nacional de Ciéncia e Tecnologia do Bioetanol
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Impact: Sugarcane bioethanol is a sustainable energy source that contributes to mitigating
carbon emissions. During plant development, the interaction of carbon assimilation
with amino acids profile and hormonal homeostasis is crucial to increase sugarcane
yield. This systemic analysis constitutes a strategy to modulate plant growth and
production and adapt to different climatic conditions.

Highlights: Polyamines (PAs) were most abundant in leaves, and putrescine was the central PA.
The most abundant amino acids found in the leaves were ornithine and lysine,
whereas in culm were asparagine, glutamine, and histidine. The last month of
sugarcane development was marked by high levels of hormones indole-3-acetic acid
and abscisic acid.

Abstract:

Sugarcane is an essential crop in the agriculture scenario, mainly as a sugar and bioethanol production
source. In this sense, attention to the production of biofuels has led to a scientific advance in
understanding sugarcane physiology, biochemistry, and molecular biology. Thus, a field experiment
that followed the level of carbohydrates and carbon assimilation parameters was analyzed throughout
the sugarcane life cycle. Besides carbon flux, changes in hormonal contents and other metabolites are
expected during plant development. However, little is known about hormonal and other essential
metabolites to modulate plant growth, yield, and adaptation to different climatic conditions. In this
study, we measured the content of hormones like polyamines (PAs), indole-3-acetic acid (IAA), and
abscisic acid (ABA) and metabolites as amino acids at 1st, 3rd, 6th, and 12th months of development
in the field. Distinct metabolite profiles were observed in each organ. PA contents were higher in leaf
compared to culm in all months. In both organs, the highest levels were found in the first month. In the
leaf, putrescine was the main PA, followed by spermidine and spermine, but this profile was not
observed in the culm. During the sugarcane development, the amino acid content was more constant
in the leaf than in the culm. The highest levels of ornithine and lysine were found in the leaf, whereas
in the culm were asparagine, glutamine, and histidine. The IAA content increased in the leaf after the
3rd month and reached the maximum level in the 12th month. However, culm showed low levels of
IAA, except in the third month, which was significantly higher than the leaf. From the third to the sixth
month, the content of ABA was similar in both organs. A significant increase in ABA levels was observed
at the 12th month in the leaf, whereas no change was observed in the culm. Together, these data
provide insights into different hormone and amino acid profiles of leaf and culminating during
sugarcane development and pave the way for an integrative understanding of the biological
functioning of sugarcane in the field, which can contribute to future strategies to improve yield
performance.
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Sugarcane and new bioenergy resources

Navarro, B.V.1; de Oliveira, L.P.1; de Oliveira, L.F.1; Pinoti, V.F.2; Pagliuso, D.1; Grandis, A1; Riafio-
Pachdn, D.M.3; Floh, E.I.S1; Menossi, M.2; Buckeridge, M.S.1.
1Department of Botany, Institute of Biosciences, University of Sdo Paulo, SGo Paulo, Brazil
2Department of Genetics, Evolution, Microbiology and Immunology, Institute of Biology, State
University of Campinas (UNICAMP), Campinas, SP, Brazil
3Computational, Evolutionary and Systems Biology Lab, Center for Nuclear Energy in Agriculture,
University of Sdo Paulo, Piracicaba, Brazil

Keywords: Bioethanol; Biomass; Genetic Engineering.

Impact: Increasing sugarcane production without expanding the planted areas could positively
impact the carbon footprint, whether in the energy sector or encouraging the
consumption of sustainable fuels. This goal can be achieved by obtaining new
sugarcane cultivars that reach faster growth or those increasing the developmental
traits associated with sugar accumulation.

Highlights: The goals of this project are: (1) Sugarcane genome sequencing at the chromosomal
level to increase existing gene mapping. (2) Construction of an expression panel of
genes related to sugar signaling. (3) Development of CRISPR/Cas9 protocols for
genome editing in sugarcane. (4) Increasing the yield of sugarcane by modifications
on growth through different mechanisms such as manipulation of genes involved in
carbon partition and growth, changes in hormonal homeostasis, and cell wall
modulation. (5) Search for new sources of biomass for bioenergy.

Abstract:

Bioenergy and biomaterials are critical to confronting the effects of climate change. Each country in
the world has a different way to contribute with mitigation and adaptation. In the case of Brazil, the
production of bioethanol from sugarcane is an outstanding example. The carbon assimilation by
photosynthesis, allocated into the biomass, is highly efficient and has allowed the production of more
sustainable fuel. However, despite the current efficiency of the sugarcane-ethanol producing system,
it is possible to improve it even further. Questions like "can sugarcane plants grow faster?" and "can
sugarcane produce more sugar?" are two of the ones we intend to answer in this project. However,
those are not easy questions to answer because although the complex trait of sucrose accumulation
has been studied extensively in sugarcane, the mechanisms and genetic factors involved in this process
are still missing. The absence of an assembled and well-annotated genome database adds an extra
layer of difficulty in studies involving sugarcane, which has one of the most complex genomes among
plants, with up to eight copies of the same genome in each cell. To overcome these challenges, we
proposed goals to achieve the desired traits described above. HiFi and HiC sequencing techniques have
been initiated and are expected to generate long genome reading fragments. This strategy will make it
possible to obtain complete sequences of the genes themselves and the assembly of genes and their
controllers in the genome. This increase in mapping will contribute to the development of genome
editing techniques. In order to obtain the genome editing technology for sugarcane, a vector assembly
protocol is being established to perform base editing using a gRNA and identify edited sugarcane events
tolerant to the herbicide Imazapyr. In parallel, sequences of more than 700 genes were characterized
by the construction of a panel of genes related to sugar signaling. The expression values will be
obtained in the leaves and culm of sugarcane during different stages of development in plants grown
in field conditions. In this experiment, the metabolites that can regulate growth and response to stress,
such as amino acids, polyamines, and hormones, were determined. The results showed distinct amino
acids, polyamines, and hormonal profiles according to the organ and sugarcane developmental stage.
In addition, a transgenic sugarcane line, which showed an acceleration in maturation and high sucrose
content, is currently being evaluated, as well as the potential use of new sources for bioenergy. This
approach constitutes a complex signaling network associated with the traits that can be modulated,



promoting tolerance and better growth and productivity performance in sugarcane under distinct field
conditions.
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A vector toolbox for CRISPR-mediated genome editing in sugarcane
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Impact: Climate changes are demanding worldwide nations to lower their greenhouse gas
emissions by shifting their energy matrixes to biofuel-based ones. Sugarcane is
considered the ideal crop for biofuel production. Biotechnology may leverage classical
breeding approaches, and CRISPR technologies expanded precise genome editing
possibilities. Therefore, establishing an efficient CRISPR-mediated genome editing
pipeline would boost sugarcane improvement.

Highlights: Here, we present a series of vectors for executing CRISPR-mediated genome editing in
sugarcane. Specifically, we provide vectors for classical indel knockouts and for
specific alterations by base editing, prime editing and HDR approaches. Additionally,
we also constructed a set of vectors for straightforward gRNA units cloning by Golden
Gate assembly. Altogether, our vector toolbox will facilitate sugarcane genetic
analysis research and improvement.

Abstract:

Sugarcane is the source of 80% of the sugar and 26% of the bioethanol produced globally. Accordingly,
sugarcane cell wall metabolism, biomass, and stress resistance improvement have been targeted over
the last decade. Genetic engineering by CRISPR/Cas9 provides a fast and precise strategy that,
combined with classical breeding, will leverage sugarcane improvement. In the present work, we
constructed a series of vectors for CRISPR-mediated genome editing in sugarcane by modifying our
previously described pGVG vector, which provides high expression levels of foreign genes in this plant
species. Initially, the coding sequences (CDSs) of the CRISPR nucleases SpCas9 (Cas9), nSpCas9(D10A)-
PmCDAL1 (TargetAlID), and nSpCas9(H840A)-NC-M-MLV-Delta RNase H (ePPE) were positioned in front
of the maize ubiquitin promoter, thus generating the pGVG-Cas9, pGVG-TargetAID and pGVG-ePPE



vectors to be used for classic indel knockout, base editing, and prime editing approaches, respectively.
Afterward, the GFP CDS followed by the self-cleaving peptide P2A at its 3’ end was cloned in frame with
the nucleases N-termini, thus resulting in the pGVG-GFP-Cas9, pGVG-GFP-TargetAID and pGVG-GFP-
ePPE vectors, which allows tracking the transgene presence during stable and transient transformation
experiments. Lastly, the gateway ccdB-CmR cassette flanked by AttR1 and AttR2 sites was further
added to the aforementioned constructs to permit sgRNA expression units cloning through LR reaction.
To assemble sgRNA units, we leveraged the Plant Molecular Cloning (MoClo) system based on the
Golden Gate assembly method. By executing minor modifications in the MoClo system, we conceived
a strategy to assemble sgRNA units under the control of either polymerase Il and Ill promoters also
capable to express single or multiple sgRNAs with the tRNA multiplexing approach. Prime editing in
plants requires the use of paired prime editing gRNAs (pegRNAs) augmented with repair templates and
protective RNA motifs at their 3° end, which often demands difficult cloning procedures. In the present
work, we also conceived a simple paired pegRNAs unit cloning strategy by constructing a set of vectors
bearing fused RNA motifs and tRNAs sequences thus allowing multiplex assembly by Golden Gate.
Furthermore, we deployed the Pmel restriction site in pGVG-Cas9 vector for cloning the homology-
directed repair (HDR) template thus adding CRISPR-mediated gene targeting experiments to our
portfolio. Collectively, we present a series of vectors that allows fast and facile assembly of genetic
constructs for executing simple or complex genetic manipulations by CRISPR/Cas9 in sugarcane.
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Using MCDA techniques to organize standardization priorities: The
hydrogel case study
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Impact: Technology roadmap-based frameworks are a suitable approach to identifying
standardization priorities. However, they usually rely heavily on the expertise of the
framework developer. Therefore, MCDA techniques incorporate multiple expert
inputs into the framework development. This approach was applied to the Hydrogel
Program to develop a set of priorities within a group of standardization topics and
standard types.

Highlights: Technology roadmap-based frameworks associated with MCDA techniques allowed
incorporating multiple expert inputs to set priorities of standardization topics and
standard types. MCDA techniques included in the approach are the Delphi method
and Fuzzy-AHP-TOPSIS, involving several survey rounds. The outcomes of this
approach applied to the Hydrogel Program are being used in developing a CCUS
standardization observatory.

Abstract:

Aiming to identify priorities that could help design a standardization mapping for CCUS standards, an
initial investigation of different existing frameworks for standardization was conducted. A technology
roadmap-based framework for standardization was considered the approach most suitable. Composed
of three strategic dimensions and three tactical dimensions, this technique explicitly characterizes the
alignment, coordination, and sequencing of innovation activities (over time). It can be configured to
draw out information against other strategic considerations and dimensions.

However, this roadmap-based framework usually relies heavily on the expertise of the framework
developer. The use of MCDA techniques is then suggested to incorporate multiple expert inputs toward
the decision-making process of developing the framework.

The first strategic dimension (S1 — ‘What’ innovation activities are relevant to standardization) was
analyzed using the Delphi method, including surveys. The second strategic dimension (S2 — ‘Why’
standardization is needed) and the first tactical dimension (T1 — ‘How’ to standardize) were analyzed
using Fuzzy-AHP-TOPSIS, including new survey rounds. The other two tactical dimensions (T2 — ‘Where’
standards are developed and T3 — ‘Who’ is participating) are developed by other activities related to
building a CCUS standardization observatory.

The only dimension which will be simplified is the third strategic dimension (S3 — ‘When’ to be
standardized). In general, the framework approach uses concepts of anticipatory, participatory, and
responsive standards in a context relative to ‘Technology Life-Cycles.” However, the adopted strategy
used the results of Fuzzy-AHP-TOPSIS as a prioritization method to decide ‘when’ to standardize one
specific topic before another.

This approach using MCDA techniques in the context of a technology roadmap-based framework for
standardization was applied to the Hydrogel Program to develop a set of priorities within a group of



standardization topics and their respective standard types. The outcomes are being used in the
development of a CCUS standardization observatory.
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Standardization of Carbon Dioxide Capture, Transportation, Utilization
and Storage (CCUS) — Current developments at ABNT and ISO
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Impact: Despite the development of CCU technologies, no standardization environment has
been established for discussing CCU standards. The current ISO committee dedicated
to CCS could address CCU structurally, while other committees could handle specific
CCU issues. Strategic international connections were developed, leading to
establishment of a CCUS standardization committee in Brazil.

Highlights: The investigation to determine where CCUS standardization should be conducted led
to the conclusion that including CCU in the CCS committee would spare time and
reduce the need for experts’ mobilization. High-level talks in the Brazilian and ISO
standardization environment led to the creation of a Study Commission focused on
CCUS under the Environmental Management Brazilian Committee (ABNT/CB-038).

Abstract:

Climate change is a severe threat to present and future generations' development. As a result, Carbon
Dioxide Capture, Transportation, Utilization, and Storage (CCUS) has emerged as a tool for mitigating
climate change, alongside other programs and strategic decisions such as energy transition, energy
efficiency, sustainable behaviors, and so on. There is a need to discuss the peculiarities of CCUS in
standards. Particularly determining where CCUS standardization should be conducted and how to
establish strategic links between the international standardization environment and Brazilian
correlated environments.

ISO/TC 265 is dedicated to CCS and has a working group (WG) for CO2-EOR, a CCU solution. ISO/TC 265
had discussions in the past to examine CCU issues and future actions. If we consider that CCU extends
the conventional CCS concept, ISO/TC 265 could adequately address CCU, at least structurally. Where
these similarities vary, such as when utilization requirements transcend CCS issues, these subjects can
be handled by working groups or subcommittees of other technical organizations. This solution has
obvious benefits, particularly sparing the time needed to create a new committee and reducing the
need for additional expert mobilization.

There was an absence of specific forums focused on any aspect directly related to CCUS in the national
standardization environment. Two pathways to build an international strategic connection were
identified: ABNT/CB-038 on Environmental Management and ABNT/CB-116 on Energy Management
and Savings. The latter is considered due to its relations with 1ISO/TMB/CCCC, which have dealt with
strategic aspects of international standardization of issues related to climate change, including CCUS.

The initiatives related to ABNT and ISO interface connection through ISO/TC 265 evolved significantly
after high-level talks involving the ABNT technical board, which sought to promote the development of
new themes associated with climate issues in Brazil. These negotiations led to a decision that
monitoring and participation in ISO/TC 265 should be done by a new Study Commission (CE) at
ABNT/CB-038. Finally, in June 2022, this commission was formally established (CE-038.007.002 —
Captura, Transporte, Utilizagdo e Armazenamento de Didxido de Carbono), already including the
utilization aspects in its scope.
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Building a CCUS standardization observatory — First steps towards an
insightful tool
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Impact: The CCUS standardization observatory design is based on a technology roadmap-
based framework for standardization integrated into strategic and tactical
dimensions. In addition to these dimensions, the observatory considers a variety of
other standardization data given the audience it can attract. This database wrapped in
a user-friendly interface can be an insightful tool to promote CCUS as a climate
change mitigation tool.

Highlights: The CCUS standardization observatory considers strategic and tactical dimensions,
information regarding who is engaged, abstracts and keywords, stage of
development, and others. The observatory may attract a diverse audience, from
experts, students, and researchers in CCUS to decision-makers and policymakers
interested in climate change issues.

Abstract:

The design of a standardization observatory for CCUS standards was preceded by an initial investigation
of different existing frameworks for standardization. In the early 2000s, it was found in the literature
developments on standardization frameworks depicting the multiple functions performed by
standards. These early frameworks distinguish different aspects involved in standard-making as types
of technologies and other innovation activities. However, they are static frameworks and do not answer
questions about how standardization should take place over technology development and industry
lifecycles. New progress in the following years led to the establishment of frameworks for the
standardization processes tackling issues of strategy and tactics. More recent developments consider
the knowledge needed to transition between key anticipated innovation activities to predict potential
standardization needs for emerging technologies.

The technology roadmap-based standardization framework was considered the most suitable
approach for the observatory purpose. Build from the technology roadmap-based framework and
integrate standardization's strategic and tactical dimensions. The considered strategic dimensions are:
S1-‘What’ innovation activities are relevant to standardization; S2 — “‘Why’ standardization is needed;
S3 — ‘When’ to be standardized. The tactical dimensions considered are: T1 — ‘How’ to standardize; T2
— ‘Where’ standards are developed; T3 — ‘Who’ is participating.

A specific case study on hydrogel is being developed to answer all strategic and the first tactical
dimensions. However, a CCUS standardization observatory could have various new information in
addition to the other two tactical dimensions. This is more evident given the diverse audience it can
attract, from experts, students, and researchers in the CCUS field, to decision-makers in the CCUS
market and policymakers interested in climate change issues.

Therefore, the observatory could handle information regarding how many countries and which ones
are engaged in discussing these standards, some brief information about them, including abstracts and
keywords, their stage of development, and so on. This database wrapped in a user-friendly interface
can be an insightful tool to promote CCUS as a climate change mitigation tool.
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Light-driven Water Splitting to Produce Solar Fuels

Renato Vitalino Gongalves (IFSC/USP), Liane M. Rossi (IQ/USP), Douglas Gouvea (POLI/USP), Flavio L.
Souza (CNPEM) and Heberton Wender (UFMS).

Keywords: Green hydrogen, CO2 photoreduction, Artificial Photosynthesis

Impact: Fossil fuels such as coal, oil, and natural gas provide 85% of the world's energy. It is
worth emphasizing that an over-reliance on fossil fuels has resulted in an energy
crisis, resulting in wreaking havoc on the global economy. Solar-driven water splitting
with semiconductor materials is a potential green strategy to simultaneously reduce
CO2 emissions and produce renewable fuels, reducing dependence on fossil fuels and
thus alleviating the global energy crisis.

Highlights: - Development of semiconductor-based catalysts to produce environmentally
friendly hydrogen.
- Green hydrogen produced by light-driven water splitting.
- Photocatalytic activity is considerably increased by the formation of p-n
heterojunctions.
- The RhCrOx cocatalyst inhibits the recombination of photogenerated charges
on the surface of SrTiO3.

Abstract:

Renewable energy production from diversified sources (solar, wind, etc.) is essential for the
achievement of a sustainable and CO2-free society in a short period of time. Hydrogen is regarded as
the most feasible fuel to supply the next generation of fuel cell electric vehicles and associated
technologies. Nevertheless, nowadays, hydrogen is mainly produced from fossil fuels by steam
reforming of natural gas. In this regard, developing a sustainable and environmentally friendly method
of producing hydrogen is essential for a sustainable future. Thus, one of the most promising approaches
for producing green and renewable hydrogen is solar-driven water splitting by semiconductor materials
acting as photocatalysts. Herein, we have successfully synthesized a class of n-type semiconductor
materials (e.g., SrTiO3, BiVO4) as photocatalysts to produce solar fuels by artificial photosynthesis
under simulated solar light. Our results show that the materials synthesized in this project have
significantly greater photocatalytic activity for hydrogen production than TiO2, which is an important
reference material in this reaction. As a strategy to enhance the photocatalytic performance of the
single semiconductor materials, co-catalysts were deposited onto the particle surfaces to form a p-n
heterojunction, resulting in the photocatalytic improvement. Remarkably, the formation of the
heterojunction was responsible for establishing an internal electric field that drives the
photogenerated holes into the p-type semiconductor structure, leading to the suppression of electron—
hole recombination.

RCGI Project number: 59



PARALLEL SESSION: 1.4.A

Elaboracao de propostas de normalizacao internacional e servicos de
advocacia para implantagao e consolidagao de marcos legais,
regulatdrios e de normas para contribuir com os compromissos
brasileiros vinculados com as NDCs (associados aos temas de Nature
Based Solutions — NBS, Carbon Capture and Utilization — CCU, Green
House Gases — GHG e Bioenergy with carbono capture and storage —
BECCS

Prof. Edmilson Moutinho dos Santos (IEE, USP)
Profa. Dominique Mouette (RCGI, USP)
Profa. Hirdan K. Costa de Medeiros (IEE e RCGI, USP)
Geraldo Lavigne de Lemos (IEE e RCGI, USP)
Paulo Negrais Seabra (IEE e RCGI, USP)
Thaiz Vescovi (IEE e RCGI, USP)

Brenda Silveira(lEE e RCGI, USP)

Jade Liu(IEE e RCGI, USP)

Pamela Ramos Santos (IEE e RCGI, USP)
Matheus Ferreira (IEE e RCGI, USP)
Thiago Brito (IEE e RCGI, USP)

Clarissa L. Lima (IEE e RCGI, USP)
Isabela Morbach (IEE e RCGI, USP)
Israel Lacerda de Araujo (IEE e RCGI, USP)
Lucas Deliberali (IEE e RCGI, USP)
Romario de Carvalho Nunes(IEE e RCGI, USP)
Karen Kristensen(IEE e RCGI, USP

Keywords: BECCS, Normalizagdo, Internacional

Impact: Normalizagdo internacional e servigos de advocacia para implantagdo e consolidagdo
de marcos legais, regulatérios e de normas para contribuir com os compromissos
brasileiros vinculados com as NDCs associado ao tema de Bioenergia com captura e
armazenamento de carbono — BECCS.

Highlights: O Brasil ratificou em 2016, através do Congresso Nacional, um documento bdsico para
definir a estratégia de implementagdo dos compromissos do pais a partir de 2020, de
acordo com o CNDC (Contribuigcdo Determinada a Nivel Nacional). O Brasil espera
reduzir as emissdes de gases de efeito estufa em 37% abaixo dos niveis de 2005 até
2025, com uma contribuigdo indicativa subsequente de redugdo das emissGes de
gases de efeito estufa em 43% abaixo dos niveis de 2005 até 2030. Para tal, o pais
comprometeu-se com diversas iniciativas como a aumentar a quota da bioenergia
sustentdvel na sua matriz energética para aproximadamente 18% até 2030, restaurar
e reflorestar 12 milhdes de hectares de florestas, bem como a atingir uma quota
estimada de 45% de energias renovaveis na composi¢cdo da matriz energética em
2030. Neste sentido, o Brasil deve criar um quadro legal e regulamentar, como leis,
decretos, portarias, dentre outros documentos. As questdes legais e regulamentares
sdo fundamentais para criar uma base para implementar e alcangar os objetivos
brasileiros nos CND. Assim, nosso principal objetivo do projeto é analisar e participar
dos movimentos internacionais e nacionais em relagdo as mudancas climaticas,
particularmente nos CNDs brasileiros, bem como desenvolver estudos e propostas
legais e regulatdrias a fim de ajudar o Brasil a implementa-los.



Abstract:

O trabalho pretende analisar as grandes diversidades de legislagdes, jurisdicdo de cada pais e das
instancias internacionais sobre os temas BECCS. Nao existe uma coordenagdao nem uma definigdo clara
de planejamento estratégico para interagdo e/ou participagdo nos movimentos de legislacdo nacional,
incluindo os entes subnacionais, vinculados aos aspectos de mudangas climaticas, particularmente
envolvendo BECCS. Considerando a novidade do tema no Brasil, ha de se constatar uma auséncia de
mecanismos legislativos e regulatérios de concretizagdo dos compromissos assumidos perante o
Acordo de Paris. Com isso, a problematica relativa ao apoio, construgdo e efetivamente participagao
na legislagdo nacional sobre a tematicas BECCS.

RCGI Project number: 69



PARALLEL SESSION: 1.4.B

IDENTIFICATION OF TWITTER'S DIGITAL INFLUENCERS ON ENERGY
TRANSITION FOR THE DEVELOPMENT OF EFFECTIVE SCIENTIFIC
COMMUNICATION STRATEGIES.

Helen Tatiana Takamitsu,
Instituto de Fisica, DFMT, Universidade de Sao Paulo, 05315-970 Séo Paulo, SP, Brazil
Research Centre for Greenhouse Gas Innovation, Universidade de Sao Paulo

Ana Paula Vasconcelos,
Research Centre for Greenhouse Gas Innovation, Universidade de Sao Paulo

Karen Louise Mascarenhas,
Instituto de Psicologia, Universidade de Séo Paulo, Sdo Paulo, SP, Brasil.
Research Centre for Greenhouse Gas Innovation, Universidade de Sao Paulo

Caetano Rodrigues Miranda
Instituto de Fisica, DFMT, Universidade de Sao Paulo, 05315-970 Séo Paulo, SP, Brazil
Research Centre for Greenhouse Gas Innovation, Universidade de Sao Paulo

Keywords: social network analysis, energy transition, scientific communication

Impact: Moved by climate change mitigation issues and the need to accelerate low carbon
energy solutions development, the energy transition has become a hot topic
discussed on Twitter, especially by influencers who are shaping the public's
perception. Identifying these nods on social media and their narratives is key to
generating successful scientific communication strategies.

Highlights: Challenges in promoting energy transition involve successfully communicating
knowledge and technology developed by researchers to policymakers and the general
public.

° Influencers on social media disseminate narratives about energy transition,
including fake news, to a broad range of the public, shaping their perceptions.

° Mastering such processes aims to support scientific communication
strategies.

Abstract:

The energy transition has been a hot topic in recent years, both in academia and in the mass media,
but it has gained emphasis due to the significant challenges posed by the pandemic, and recently with
the rise in the oil price and the energy crisis faced by Europe due to the War of Russia and Ukraine.
This situation generated general apprehension in both the private and public sectors about the world
scenario of energy sources and the need to accelerate the ecologically correct and financially viable
energy transition, which recovers the economy without compromising the environment, highlighting
the importance of the shift to a “green economy” with lower consumption of fossil fuels and reduction
of greenhouse gas emissions.

Complex issues such as the energy transition that has many stakeholders involved demand the design
of new theoretical and scientific approaches, which cause social impacts in the regions where they are
implemented and thus depend on public perception as an key element for the positive receptivity of
projects. Therefore, identifying influential people on the subject and supporting the community in
understanding the energy transition process through reliable scientific communication, are
fundamental items.



The Internet and social networks have enabled new forms of interaction and communication, speeding
up the dissemination of information, and generating a huge impact and influence on people's lives. In
this scenario, the Digital Influencers emerged, who with their power of persuasion and propagation of
information, became strategic people in the communication process in the digital environment.

The objective of the present work was to delimit the network of the most influential nodes on Twitter
to detect the main actors and disseminators on the topic of energy transition in Brazil, to identify the
rhetoric and arguments used on the topic and combat fake news. For this, data were collected in the
official Twitter API. Later, the most influential nodes with the highest degree of centrality were
identified, through the analysis of the social networks. The result was the identification of profiles of
journalists who deal with the topic of climate change, scientific researchers, politicians, and celebrities,
among others. A later phase of the work is a qualitative and detailed analysis of the influencers and the
discourse used, thus allowing the delimitation of scientific communication strategies.

RCGI Project number: 70



PARALLEL SESSION: 1.4.C

Social Perception and Science Diplomacy on Technology Transitions
towards a low carbon society (applications associated with NBS, CCU,
GHG and BECCS)

Karen Louise Mascarenhas - Institute of Psychology USP / RCGI
Sigmar Malvezzi - Institute of Psychology USP / RCGI

Keywords: social perception, public perception, low-carbon energy solutions

Impact: Innovative social sciences tools and approaches are being developed and applied to
identify and understand the social perception of low-carbon energy solutions. Results
will contribute with inputs to the decision-making process regarding technology
deployment, public policy discussions and communication strategies and narratives.

Highlights: Project 70 approaches social perception through multidisciplinary lenses and
perspectives which enrich the research outputs.
- By social perception, we mean to consider the views of all stakeholders:
government, policymakers, industry, academia, NGO, media, and the general public.
- It's paramount to keep an open dialogue with all stakeholders aiming for a
fair transition.

Abstract:

The social perception was always seen as an essential dimension of various energy issues. However,
over the last decades, the energy industry and policymakers, particularly in the O&G industry, perceive
that social perception is becoming a much more significant challenge that profoundly affects our
energy future. Energy research has been undergoing a major transition from the dominance of physical
energy systems to a more challenging energy environment dominated by complex inquiries into the
social dimensions of issues. Therefore, the main objective of project 70 is to generate rigorous and
innovative scientific knowledge within the field of Social Sciences, aiming at the understanding and
mastery of the shaping and change of perceptions, attitudes, resistance, and other subjective features
of the Brazilian population on both climate and technology issues for cleaner energy and its
development, including NBS, CCU, CHG and BECCS applications. To address such challenging objective,
the work is carried out by five workstreams that focus on i) social perception, ii) science diplomacy, iii)
socio-historic-geographic data; iv) sociophysics methods, immersive experience, citizen science and
art-science; v) innovation and technology transfer. The methodology comprises the articulation of
mixed data that is gathered through sets of surveys, interviews, focus groups, and projective and
clinical techniques to understand how the totality of variables and their movements are integrated and
related to openness and resistance to change. This strategy considers a wide range of variables such as
the capillarity of cognitions, values, identities, attitudes, beliefs, perceptions, rituals, prejudice,
imaginary, role, and expectations, among others, to be approached under various levels of analyses,
such as micro, macro, mezzo, inter, intra groups and strata. It includes the investigation of behaviours
and reactions through scenarios and simulations using immersive experiences, and analysis of social
media, through data mining and machine learning tools applied to social sciences, using quantitative
tools to assess large volumes and diversity of interdependent data, correlating these with socio-
historic-geographic data. By applying such methods, the expected results are the identification of
relevant social perception features to support decision-making regarding technology, public policy
propositions and the development of engaging communication processes.

RCGI Project number: 70



PARALLEL SESSION: 1.4.D

Key factors of social perception and acceptance of energy low-carbon
solutions

Karen Louise Mascarenhas - Institute of Psychology USP / RCGI
Sigmar Malvezzi - Institute of Psychology USP / RCGI

Keywords: social perception and acceptance, public perception, low-carbon energy solutions

Impact: Social acceptance is key for the deployment of big infrastructure projects and low-
carbon energy solutions. Therefore, understanding how social perception is formed
and modified and which factors influence it is fundamental to engaging different
stakeholders in the implementation process.

Highlights: - This work presents the social perception of many low-carbon energy
solutions such as CCUS, bioenergy (without and with CCS — BECCS), hydrogen, solar
and wind.

- A criterion was developed through literature review analysis resulting in
fifteen factors that influence public and social perception.

- These factors were analysed within each low-carbon energy solutions
context and the results aim to support policy development and public engagement.

Abstract:

Social acceptance, which is interpreted as the public active or passive approval of a certain policy,
technology or energy solution is a mandatory element of the implementation of energy low-carbon
projects. This study aimed to present the main factors that form the perception of different
stakeholders, and their acceptance of energy low-carbon solutions such as hydrogen, carbon capture
utilization and storage (CCUS), bioenergy with and without carbon capture and storage (BECCS), and
renewables as wind and solar. The results, obtained through a review of 535 papers, point out some
common factors in low-carbon solutions and show particularities related to each one. To illustrate
these factors, our analysis of the social perception of CCS, which was the low-carbon energy solution
that represented 40% of the papers in this study, enabled us to classify these factors within fifteen
categories: risk perception, benefit perception, psychological factors, technology, previous and actual
experience, knowledge, communication, stakeholders, economic aspects, policies, environmental
aspects, socio-demographics, cultural aspects, decision-making process, and ethics. Despite particular
differences among low-carbon energy solutions, these categories are criteria for deeper analysis.
Moreover, the factors detailed within each category enable the identification of variations to be
considered, both when analysing the pathways towards energy low-carbon transitions and for
structuring the related policies and communication strategies in a specific region.

RCGI Project number: 70



PARALLEL SESSION: I1.1.A

On the topology optimization of rotor and stator 2D-swirl labyrinth
seal design considering forward and backward laminar fluid flow

Azevédo, S.C.A.; Moscatelli, E.; Sd, L.F.N.; Ranjbarzadeh, S.; Silva, E.C.N.
Department of Mechatronics and Mechanical Systems Engineering, Polytechnic School of the
University of Sao Paulo

Picelli, R.

Department of Naval Architecture and Ocean Engineering from Polytechnic School of the University of
Sao Paulo

Keywords: Binary variables, integer linear programming, diodicity

Impact: Uncontrolled carbon dioxide (CO2) emissions can have a great influence on the

climate impact. Based on Global Carbon Atlas data emission of CO2 in Brazil increased
from 47 to 558 Mt CO2 in the period of 1960 to 2014. Topology optimization of
labyrinth seal allows the design of flow path aiming to minimize the gas leakage from
compressor to atmosphere by providing innovative interlocking between rotor and
stator teeth. Thus, high efficiency seal design can be obtained.

Highlights: Stacked-up binary design variables and sensitivities were adopted to provide a proper
distinction between rotor and stator components

Diodicity objective function was expressed in terms of energy dissipation and vorticity

The interlocking teeth direction between rotor and stator is favored by the modelling
strategy

The continuation approach was suitable for full fluid domain initial guess
Geometry trimming improved the diodicity predicted by porous solid model

Abstract:

In the quest to reduce the climate effects caused by CO2 emissions, the improvement of the liquid-gas
labyrinth seals designs leads the interest of industries to reduce the gas leakage. Literature usually
adopts fluid flow shape optimization as the main tool to improve the design of these mechanical
devices. However, this problem is three-dimensional by nature which increases the computational cost
of simulation and, consequently, for the optimization. Another challenge is the fact that both rotor and
stator walls need to be tracked (since both have distinct angular speed) and a minimum distance should
be maintained between both solid phases. In this work, we employ a two-step optimization
methodology by using the Standard TOBS and the TOBS-GT (Topology Optimization of Binary Structures
with Geometry Trimming) method to solve a 2D axisymmetric seal problem considering two distinct
rotational velocities on solid material. We maximize the diodicity by minimizing the forward energy
dissipation while maximizing the backward vorticity subjected to a fluid volume constraint. The 2D swirl
flow is governed by the Navier-Stokes equations in the inertial reference frame. The governing
equations are solved via the Finite Element Method considering axisymmetry and the optimization
problem is solved by using sequential integer linear programming. In order to avoid jagged geometries,
which affects the accuracy of flow modelling, we adopt an additional step to create a smooth wall
representation. The numerical example shall elucidate how the solid (by considering a porous medium
or trimming out of the analysis) modelling influences the topology evolution. We assumed real CO2 gas
properties and realistic dimensions for the seal. Finally, our method predicted that porous material
model favors radial interlocking teeth on seal, while trimming procedure improved the diodicity by



redistributing solid material to an axial labyrinth. Therefore, TOBS and TOBS-GT shows to be an
improved method for binary seal design.

RCGI Project number: 65



PARALLEL SESSION: 11.1.B

Design of Labyrinth Seals for Carbon Capturing Compressors: Topology
Optimization and Experimental Approaches

Shahin Ranjbarzadeh, Renato Picelli, Fernando Pinto, Julio Meneghini, EMilio Carlos Nelli Silva
Keywords: Labyinth Seal, Topology optimization, Carbon dioxide

Impact: Recently, reduction of Greenhouse Gases (GHG) emissions attracts much attention
and can have a significant impact on climate change. Leakage of carbon dioxide and
methane from labyrinth seal in turbo-machinery devices such as compressors and
turbines is one of the sources of GHG emission to the atmosphere. Labyrinth seals are
the oldest and the most famous mechanical sealing solution in the industry and play a
vital role in preventing and reducing GHG emission. Topology optimization is an
optimization method that distributes material inside a design domain to find the
optimized topology of a structure based on a specified objective function and
constraints.Due to the very high number of geometrical parameters (e.g., seal cavity
depth, seal tooth thickness and tooth tip clearance) and difficulties related to
determining their effects on labyrinth seal performance, the Topology Optimization is
a feasible approach to achieve an optimized design with the highest efficiency and
less leakage.

Highlights: Recently, reduction of Greenhouse Gases (GHG) emissions attracts much attention
and can have a significant impact on climate change.

Labyrinth seals are the oldest and the most famous mechanical sealing solution in the
industry and play a vital role in preventing and reducing GHG emission.

optimized designs obtained by topology optimization demonstrate a leakage
reduction up to 54% and experimental test results confirmed the numerical
simulations.

Abstract:

Recently, reduction of Greenhouse Gases (GHG) emissions attracts much attention and can have a
significant impact on climate change. Leakage of carbon dioxide and methane from labyrinth seal in
turbo-machinery devices such as compressors and turbines is one of the sources of GHG emission to
the atmosphere. Labyrinth seals are the oldest and the most famous mechanical sealing solution in the
industry and play a vital role in preventing and reducing GHG emission. Topology optimization is an
optimization method that distributes material inside a design domain to find the optimized topology
of a structure based on a specified objective function and constraints.Due to the very high number of
geometrical parameters (e.g., seal cavity depth, seal tooth thickness and tooth tip clearance) and
difficulties related to determining their effects on labyrinth seal performance, the Topology
Optimization is a feasible approach to achieve an optimized design with the highest efficiency and less
leakage. During the last decade, advancement of Topology Optimization (TO) join with Additive
Manufacturing (AM) shows a potential in design and the improvement of the fluidic devices such as
pumps and valves. Thus, this paper presents a topology optimization approach for designing the
labyrinth seals for carbon dioxide compressors with operational rotation speed up to 4000 rpm with
application in carbon capturing and storage system. Later, optimized prototypes is fabricated via
additive manufacturing using 3D polymer printer. Finally, for validation of numerical results,
experiment is carried out utilizing a test rig of labyrinth seal. The model is developed based on the low
Reynolds steady-state Navier-Stokes equation and considers an axisymmetric flow with flow rotation
around the shaft (2D swirl flow model). Diodicity of dissipation energy is defined as an objective
function to reduce the methane leakage. Several numerical examples is carried out to investigate and
demonstrate the effectiveness of the optimization procedure. Despite assuming low Reynolds number



formulation in topology optimization, results are in good agreement with CFD and optimization of
labyrinth seal considering turbulent flow in the literature specially in which concerns the inclination of
teeth toward the inlet. Furthermore, optimized designs obtained by topology optimization
demonstrate a leakage reduction up to 54% and experimental test results confirmed the numerical

simulations.
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PARALLEL SESSION: 11.1.C

Towards Structural Topology Optimization of Rotating Machinery
Considering Fluid-structure Interaction, Turbulence models and 2D-
swirl Fluid Flow

1. Renato Picelli Sanches,
Department of Naval Architecture and Ocean Engineering, Polytechnic School of the University of SGo
Paulo, Av. Prof. Mello Moraes, Séo Paulo, 05508-030, Sdo Paulo, Brazil.

2. Anderson Soares da Costa Azevédo, 3. Lucas Oliveira Siqueira, 4. Eduardo Moscatelli, 5. Shahin
Ranjbarzadeh, 6. Emilio Carlos Nelli Silva,
Department of Mechatronics and Mechanical Systems Engineering, Polytechnic School of the
University of Sdo Paulo, Av. Prof. Mello Moraes, SGo Paulo, 05508-030, Séo Paulo, Brazil.

Keywords: Structural Topology Optimization, Fluid-structure interaction, Rotating machinery
Impact: Uncontrolled carbon dioxide (CO2) emissions can have a great influence on the
climate

Impact and rotating machineries such as centrifugal compressors and labyrinth seals
play and important role in mitigating CO2 emissions. Optimization of these systems

might offer designs that are hard to be obtained by intuition or experience. For that,
structural topology optimization can lead us to machineries with better efficiency in
their operation.

Highlights: - Topology optimization solutions of stiff structures under fluid-structure interaction
and rotation speed.
- Consideration of high Reynolds 2D-swirl flow by using the RANS equations with the
k-epsilon and k-omega turbulence models.
- Employment of sequential integer linear programming and CAD/CAE modelling.

Abstract:

This work is associated with the projects "Design of smart labyrinth seals for mitigation of GHG
emissions in pneumatic machines" and “Design Optimization of Centrifugal Compressors for
Supercritical Gas Mixtures”, from the RCG2I. Design optimization of rotating structural parts, such as
in labyrinth seals or compressors, requires the solution of the Navier-Stokes equations that can include
complex effects such as swirl flow, turbulence, and fluid-solid equilibrium. While these physics have
been employed successfully in the context of parametric and shape optimization, they represent
considerable challenges for topology optimization. These challenges include the accurate modelling of
fluid-solid walls, imposition of coupling conditions and convergence of the fluid-structure interaction
(FSI) equations during optimization. This work employs the method called TOBS-GT that consistently
produces well defined and smooth fluid-solid walls, an important to step to add up extra physics or
equations in the simulation during optimization. The structural compliance minimization problem
subject to volume constraints is solved. The FSI problem is solved via the Finite Element Method
considering axisymmetry. Rotational forces are imposed on the structural domain in the radial
direction. The 2D swirl flow is governed by the Reynolds-Averaged Navier-Stokes (RANS) equations
including a rotating wall in the shaft. The k-epsilon and k-omega turbulence models are employed.
Automatic differentiation is employed to compute the required sensitivities. A material model is
included in the swirl flow terms to account for the sensitivities of the swirl flow loads on the structure.
The optimization problem is solved by using Sequential Integer Linear Programming (SILP). Since solving
a 3D-FSI topology optimization problem is computationally costly, the development of 2D swirl flow
frameworks is of high interest. Results show that the proposed method can effectively achieve
optimized designs of rotating structural parts under FSI loads.

RCGI Project number: 65
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Baseline and worn labyrinth seals geometry effect on the leakage
evaluation using a numerical approach

Izabel Fernanda Machado; Emilio Carlos Nelli Silva; Shahin Ranjbarzadeh

Keywords: Labyrinth sela; wear; leakage
Impact: This work aims to investigate the wear of labyrinth seals to reduce greenhouse gases
Highlights: The lifespan of labyrinth seals as well as their performance is directly related to the

occurrence of wear. There are different types of wear and wear mechanisms, but in
labyrinth concisely three types of wear are reported: Rub-groove, plastic deformation,
and erosion. A numerical simulation approach of wear in labyrinth seals optimized is
presented and discussed.

Abstract:

Compressors and turbines work with pressurized systems at a high rotational speed. Considering
aerospace turbines and centrifugal compressors, they work with minimal tolerance for geometric and
dimensional deviations to avoid leakage. Labyrinth seals ensure low leakage between different
pressure stages in the mechanical systems mentioned above. However, wear is expected. The wear
mechanism in labyrinth seals occurs mainly by plastic deformation, rub-groove and erosion. Plastic
deformation is characterized by the contact of the labyrinth tooth with the shaft/stator in a process
with high strain rates and a high coefficient of friction. Due to the small gap and the repetitive contact
between the tooth and the shaft/stator, the tooth of the labyrinth seal forms a mushroom geometry.
Abradable materials are used to avoid this plastic deformation of labyrinth teeth. They cushion impacts
and protect the teeth. When teeth impact the abraded layers, a rub-groove is formed. Finally, the last
wear mechanism in labyrinth seals is characterized by the successive impact of hard particles dragged
by the fluid that collide against the surface of the seals, changing their geometry and increasing the
wear. This type of phenomenon is known as erosive wear. Therefore, this study aims to develop
numerical simulations to predict the leakage of teeth worn by plastic deformation (mushroom) and to
quantify the erosive wear in labyrinth seals. The baseline and worn geometries were considered to
evaluate the leakage. The proposed wear phenomena will be presented with their formulations in CFD
(computational fluid dynamics). The fluid used for the numerical simulations was CO2 to study its
reduction in the atmosphere. For the case of plastic deformation, the leakage results will be presented
by the difference in the fluid velocity and pressure. While in the case of erosive wear, the erosion results
will be presented from the Finnie’s model.
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PARALLEL SESSION: I11.2.A

PERFORMANCE OF POLYNOMIAL EXPANSION IN THE DETERMINATION
OF THE 2D VECTOR FIELD OF A BUBBLE FLOW IN AN ELECTROLYZER: AN
ANALYSIS BY SYNTHETIC IMAGES

Bernardo Luiz Harry Diniz Lemos (USP);
Rodrigo de Lima Amaral (USP);

Vitor Augusto Andreghetto Bortolin (USP);
Helder Lima de Moura (UNICAMP),
Thiago Lopes (USP);

Julio Romano Meneghini (USP).

Keywords: Particle Image Velocimetry; Bubble; Electrolyzer

Impact: The images analysis of experiments in electrochemical reactors for the production of
hydrogen is essential to solve problems related to both fluid dynamics and the
electrolytic process, especially the mixture of oxygen and hydrogen gases.

Highlights: Our new tool determines the field velocities of hydrogen and oxygen gases without
interfering with the process, through the addition of tracers or dyes.

Abstract:

The experimental investigation of multiphase flow by image analysis is fundamental in the design,
operation and optimization of electrochemical reactors. In the experimental approach, it is possible to
record the time-resolved motion of bubbles and/or tracer particles immersed in the liquid to quantify
flow parameters (such as TKE, shear stress, vorticity and others) using a CMOS sensor with an LED light
source/laser with high acquisition rates. In image processing, the cross-correlation approaches used in
PIV (Particle Image Velocimetry) or the individual matching of particle image used in PTV (Particle
Tracking Velocimetry) are the most used in the quantification of parameters in the flow in several
experiments. However, the addition of tracer particles in the fluid can interfere with the
electrochemical process of the reactors, limiting the use of PIV strategies. In addition, the high
concentration of H2/02 limits the individual identification of bubbles, decreasing the performance of
PTV analyses. A promising approach may be to use the polynomial expansion (Farneback approach) to
estimate the velocity of bubbles/liquid pixel by pixel from a color gradient in a time-shifted image pair.
This stage of the work proposes to investigate the performance of polynomial expansion in the
investigation of multiphase flow in the electrochemical reactor. The experiment performed by Pang et
al. (2020) was used as a basis to analyze the performance of polynomial expansion in estimating the
velocity field of H2/02 bubbles. In this experiment (Figure 2a), the bubble flow in the electrochemical
reactor was recorded by a high acquisition rate camera (frames per second) for different Reynolds. In
the recording, a LED backlighting system similar to Shadowgraph (also known as shadow PIV) was used
to highlight the bubble images. The synthetic image of the bubble generated has an outer diameter
(de) range of 10-20 px and the inner diameter was defined as 1\2 of de based on the images from Pang
et al. (2020).

RCGI Project number: 56
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Protonic conductive electrolytes for high-temperature solid oxide
electrochemical cells.

Alex Marchezini Gragal, Valdecir A. Paganini, Felipe Beto Omettol, Joelma Perez1, Massimiliano Lo
Faro2 and Edson A. Ticianellil.

1. Instituto de Quimica de Sdo Carlos - USP
Avenida Trabalhador Sdo-carlense, 400. Caixa Postal 780 - CEP 13566-970 | Sdo Carlos - SP, Brasil.
2. Institute of Advanced Energy Technologies (ITAE) of the Italian National Research Council (CNR), Via
Salita S. Lucia sopra Contesse 5, 98126, Messina, Italy

Keywords: Solid oxide fuel cell; proton conducting electrolyte; perovskites

Impact: Conventional heat engines used worldwide for electrical power generation require
biofuels to meet current environmental requirements for pollutant emissions, but
their conversion efficiencies do not exceed 20%. Consequently, electrochemical
systems, such as SOFC, have become very competitive because of their practical
electrical efficiency of more than 60% and the low impact on air pollution.

Highlights: Intermediate temperature SOFC operation
Proton-conducting electrolytes
Increased mobility and lower proton activation energy
Adequate conductivity at intermediate temperatures
Better SOFC operating conditions
Increased SOFC cell life.
Prepared electrolytes show good stability.
Similar conductivity to commercial materials

Abstract:

Solid oxide fuel cells (SOFC) are promising electric generation systems that are gaining relevance in the
energy sector due to their high energy conversion efficiency, low environmental pollution, and
potential use of some renewable energy sources such as biofuels. The most developed solid oxide
electrolytes used in these systems are oxygen ions conductors that reach adequate conductivities only
at high temperatures (above 800°C). In contrast recent proposed proton-conducting electrolytes can
get adequate conductivity at intermediate temperatures (400 to 800 °C), resulting in better operating
conditions and increased life of structural and active materials.

Currently, the main metal oxides exhibiting protonic conductivity are perovskite structures of the
A2+B4+03 type, in which A2+ are by divalent cations such as Ca2+, Ba2+ and Sr2+, while the B4+ are
tetravalent cations such as Zr 4+ and Ce4+.1 Among these two classes, the cerium-based ceramics
present higher protonic conductivities at intermediate temperatures (in the range of 400-800°C),
although having unsatisfactory chemical stability. On the other hand, zirconium-based materials show
good chemical and thermal stability, but their conductivity is not so high at intermediate temperatures.
In this work, the synthesis of Ba(0.7)Zr(0.1)Y(0.1)Nd(0.1)Ox material was carried out using a method of
co-precipitation of ammonium carbonates followed by heat treatment at 5002 C to eliminate
carbonates and nitrates. Next, electrolyte pellets were formed with the prepared materials, and these
were heat-treated between 10002-15002 C, and then characterized by X-ray diffraction measurements.
In parallel, conductivity tests of pellets formed with a commercial BaCeZrY material treated under Ar
and air at 15000C were carried by impedance spectroscopy. X-ray data indicated the formation of the
desired Ba(0.7)Zr(0.1)Y(0.1)Nd(0.1)Ox phase for materials prepared using heat-treatments above 1450



oC; in the case of commercial BaCeZrY, conductivities similar to those reported in the literature have
been found.2 In summary, these results evidenced the appropriateness of the materials and pellets
preparation procedures employed in this work.

(1) Rashid, N.; Samat, A.; Jais, A.; Somalu, M.; Muchtar, A.; Baharuddin, N.; Isahak, W. Ceramics
International 2019, 45 (6), 6605-6615.

(2) Nasani, N.; Dias, P.; Saraiva, J.; Fagg, D. International Journal of Hydrogen Energy 2013, 38 (20),
8461-8470.
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B7-"#637(C%""8(97(=#$%(/?12(;'A7".(,%-37*(D"" 78#(/0L(E(/OL(F-8.#.3.7('<(G57$#8."H2(I-#+
1963* (JFEKL)IM(/?21(F-8.#.3.7('<(G57$#8."H('<Q%"¢'82(1-#+7"8#.H('<()% (1 HBK) @)! (

! !
SO HSYS&I()FH+1(*1-./0.1%28 !
| |

+,-./0% 1 3431536$$%4.1&$!37&$&8!76$!-$697:%;<1.%$!.=19>$1/.891167$%9!:&&1$&!9>7
799$%9:.%!7919>$!/./$%9@!()*1:&19>$!/.&916$&$76->$2121$!:9&!>:2>!-.%-$%96
9>$179/.80>$6$A!6$7->1%6819>7%!BCC!00/@!D;$-96.-797;<&:&!19:;:E:%?1%7%
>7&106.F$%!9.1G$! 7%!$H-$:;$%9!.09:.%!=.61()*1967%&=.6/79:.%!:%9.IF7;17Q;$
| |
12345234D)* D;$-96.-797;<&:&IGT&$2!.%!*I"#$%$&!-.%97:%: %21 (11J1K?1%7%.0769:-;$&!$%
=.6/79:.9%.=1(*,106.21-9&1&1->17&!(*4*17%21 (AL (4) Al 7&IMS;; 1 7&1/$9>T%$! 7%2! ().
N.69>1/$%9:.%619>7919>$106$07679:.%!.=19>$!/79$6:7;IM7&!/7 2 HBB 42, <! 7639
=78>1.%19>@31&..F$IGEB$$!/$-7%.->$/:896<@
| |
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PY19>$!;78912$-72SAIHII"#$%$&I>TFSIG$$%!8912:$2121$!:9&1>:7>1-. 9%21-9:F:9<17%21&16=7-
9.19>$17-9:F:9<! 792! &$;$-9:F:9<! = 6! ()*1 +$21-9:.96! +$7-9:.9! 5()*++ S (DRASSE@KR?<&I&! &>.]
>:2>1<:$;21.=1()1=61 ()*Al 7%! :/0.697%9! :%9$6/$2: 795! 79! 9>$!/$->7%:&/! =.61/7T:%7?!/.;$-1;$&! N
9M.1.61/.6$1-76G.%&AI7;&.1T%.M%!7&!/.6$IF7;17G;$!.6!(*,106.21-9&@'4.MSF$6AIK?!7;.%$L:&:
ITT:%?! (@ -.10;:%?@! 4. M$F$6A! &:%-$! 9>$! $76;:$&9! 01G;:-79:.%&! 7G.19! J$OTAR(£!6:&!
28$/.%89679$2!9.! G$! .%$! .=1 9>$! =$M! 9>791-7%! 06.21-$! -.%&:2$67G;$! 7/.1%9&! .=! (*,!/.;$-1
$H7/0;$1$9>7%.; QLS @!U>$6$=.6$Al79$6:7;&!-.%97:%:%?IK?1JI(1176$18>.M:%?106./:&: %2164
9>$!(*,106.21-9:.%A! 7->:$F:%?1=76727:-1 $=<I58MB! .= %$76;<| BCW! 7%2! LCW! M:9>! LAIEIAK
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-./076$219.19>$14<26.2$%! DF.;19:.9%!+$7-9:.%!54D+8Al9>$!/7:%!-./0$9:9.6!6$7-9:. % @! U>$!&
06.X$-91:&19>$%19.1- /G:%$!9>$106.0$69:$&!. =K 2AI (11 7%2!*11"#$%$&19.1=169>$6!$%>7%-$!¢
06.21-9&IM:9>17..21&97G:;:9<17%218%$;$-9:F:9<I=.61()*++@!) 1616$& 1; AR P HSBI K ?(111&:%"
:==$6$%9:7;! D;$-96.->$/:-7:1"7&&! Y0$-96.&-.0<! 5|D"RBE7. M%! /$9>7%$A! -76G.%! /.%.H:2$!
$9><;$%$! 27&$.1&! =672/$%98@! K-$97:2$><2$! M7&! 7:&.! 2$0H952!6544B$OL@! U>$&
$%-.16772:%7?! 6$&1;9&! :%2:-79$2! 9>79! /$97;! %7%.0769:-;$&! &100.69$2! .%! "#$%$&! :%2
0.9$%9:7;19.1967%&=.6/1()*1:%9.!(*,@!
®SI47%A" @AY >1-TA(@'D@AHTT>/7%. FAH+@AIZ76->/$%9AI @AIK%7&.6: A[@AN. A(@"
1@! [$<.%2! U:L(*UHN "#$%$&! =.6! D;$-96./72%$9:-! P%9$6=$6$%-$! Y>:$;2:%?@! K(I CRé!
5*C*C8'1Q*S147%2.T.AIK@!I@AN>. A\@!4 @A U AN SBA@ANGHBEIT7G;:&>:% 1% $MI&-7;
6IIMQ:/$%8&:.%7;"#$%$&1=.61()*1$;$-96.6$21-9:.%@!e@!"7936 @! (>$/ @ RAHFREACRA8'IC
_:9.0:AlY @A![$69>$18&$%AI D@A! Y-.99Al Y @![@A! d: IAI#@AI D%?8&9=$;2AI K@\ @A! 4@
(>7%AN@A! 47>%A! (@A!_h6&T.FAle@!\@A! €767/, AlU@! V@! J! (>.6T$%2.6==Al P@! Z¢
D;$-96.->$/:-7;1()*1+$21-9:.%!.%!(.00$6!:%!Ki1$.1&!D;$-96.,<9$@!(>$/@!+$F @ RIRjAHBRRYS'!
QBS!d:A@!(@AIN7%?AIT@AI17%AIU@A! @AINDTERLE GANSSWA[@AId:Ale@AID:AIV@
N7%?A1 J@A! 1:%>A! (@! U@A! K.E%<<Al)@A! Y:%9.%A! |@!J! Y762$%9A! D@! 4@! [:%2:%?!
D;$-96.6$21-9:.919.1D9>7%.;@!e@'K/@!(>$/@!Y .- GARBFHERIB@
| !
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|

"#$"%B()$*&+S, -./&O(1EB"*#%o#4#P&.-&5467%8/& .- &9: SRBFHERO< &
=/>%$&?18&@1&. BPHTIBAH D& .-&5467%8/&.-&9: SRBFHERO< &
I I

U068 ()% "HSY6&'(%)$H+%6,#-./I'SO1%E&+(231%(44%'1%, & #56&3!61'7,%$H(0+7+%, &+(2
| |

+,-./0% 1 812$916&,&$:5!7("I'$01%+2:18)$!)50'(:$2!5; (H1RES, %&+(21<=">?! 201$2),2%+2:1&
BSHSY08+;+8&517(18)SISHEV0& (%) $*+ %6, #I'$01%68&+(21(71-./1<"- [>>P1&(1*1#8&+%,'C
4'(01%&6!<-/A?116+2:1,1)$8$'(:$2$(16!%(44$'1<-121%,& #56&19,6!'$, #+B$0!@5!$
&)$IA(HE@$2B+*+0,B(HSIA(#5*$'1,6!,161'7,%$!*(0+7+$ CDYBEEO0!- 11$#$%& (036!
%(2;$2+$28&1&(14'$4,'$!,201&(16%,#$!14C
| |
12345234D)* B61'7,%$!(71%(44$1$#$%&'(0$6!95'$!*(0+7+$019+8)18)$14(H5*$ 14 (#5@$2B+*+0
B+2)+@+&+(21(71=/17(*,&+(2!@5!61'7, %$I*(0+7+%, &+(2!(71%(44$1$#$%&. (036
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12%(0+7+$0!-11$#$%& (0%
ESG&$20$0!6&, @+#-+8&5!(71&)$1%(44%'1%, 8. #56&
| |
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6&, @+#+B,&+(2!(71+28$*$0+,&$6! @ (120! &(1 &)$!%, & #56&!61'7,%%$3!8)$!)50'(4)(@+%+&5! (
2018)$!6&, @+#+B,&+(2!(7!61'7,%3$!-1!,&(*6!01$!&(1%(('0+2, &IKHD+ ROBA'S6$28.1+21&)$1*(0+7
*(HSYIHSCIM2!,00+8&+(2318)$!- 11 $#$%&' (05! %6(,&+2:14'(%$66! ##(96! 7('1 4’ %6&+%o,#1 6% #+2:
BHBY&'(0$6!7(1"-./>>CI=$'$+2319$!'$4('&! &)$! 16$! (7! 4(#5@$2B+*+0, B(#S$! <NOM?3! | 4(#5*$'!
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&(1@$!16$!,61$4#$%8& (%8, #568&617('1"- />>CID)$I*(0+7+$0I$#$%& (056!, '$1%6(2;$2+$28&!1& (14'$4
1&9( B&$4!6528)$6+6!4'(%$66P!+214'$4," &+(2!(718)$!-1161'7, BB F(R)$H&)! 2+&'+%! %+03
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| !
>-TMIN'(U$%&!21*@HF
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=$%2G$2)#G6)K2$>G & &SPV ()C262"#:); GYF2"%EN)&O)=P&) ?#H:&()4//)A"+)5#"F

92G6&G]#)IF2()44BQQ()BELI=?() 1"#TW:
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$3*-/201238$!-21&-(9'$%+(-.) 21.$-.1&-19)17)(*)/.)+1. 1#(+3&)19,).$-/'84] !

| |
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> $1%).$-ND !
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| |
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3%(G&H"S$,7&2,(/=(+B&7%3" (>21%2&8&$%2ID(F/'C,&3B2%3(?3B//'D(E2%4&E3@ (/> @/
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)(:19'3:-+*2+:1&' ()**+123-+25+.16'25!;'>2+.11) F1@=.31+**13;113:"-+*2'3(Al)(:!
13(1+(2.)2+:B

I I

123452340)* "#$!3;!1,..+(2!,*+*13;1&'()**+@;+.2'-)2'3(%!9'3:'-+*2'3(%!'18*2'3(AC
"#$13;125+I&' ()**+1+>+12.3>02'1113(1+(2.)23.%!23!9+!: +&+>3=+:1'(125+!x)93.) 23.
D32+(2")>1+(&'".3(8+(2)>!"8=)12*1)**31")2+:16'25!1,..+(2H+*13;1&' () **+I&+.* *125+!
13518 ()**+1+>+12.3>02'1113(1+(2.)23.C
E™**+8'()2'3(!13;1.4+*,>2*I'(IF3.7*53=*1)(:1=,9>'1)2'3(!3;!12+15('1)>!).2'1>+¢B

I I

67)0"./0* !

45+ *+13;1&'()**+1231,+.2'-) 2+ 1 -). 1) (+];"+>:*15)*19++(125+1*3>,2'3(1,*+:1901*,-). 1) (+18'>>*1231)>>31).

25+45,-+1 &3> 8+! 3;1 251 90=.3:,12! 3;! +25)(3>! =.3:,12'3(B! G'()**+! 5)*! )(! '8=3.2)(2! 13(2+(2! 3;!

=32)** 81)(:1 325+.! (,2.'+(2*%! 65'15! )>>36! )(! '(1.+)*+! '(1 *,-).1)(+! =.3:,12'3(! =+.1 5+12).+%! '(!

)::'2'3(1231)>>36'(-1)!.+:,12'3(1'(1;+.2'>'H+.113(*,8=2'3(B!10! 2) 7'(-!): &) (2)-+! 3;1 25+! &'()**+!' (1 25+!

j+.2'-)2'3(13;125+!1*,-).1) (+11.3=%!"21)&3"*1'2*1:*=3*)>1'(16)2+.193:'+*16'25! .+* >2'(-1 +(&'.3(8+(2)>

'8=)12*B! J(1 25+! 325+.15)(:%! 25+!1=.)12'1+!3;!;+.2'-)2'3(1 6'25! &'()**+! 1) (! 1), *+! *3'>1*)>"("H) 2'3(!

13(2)8'()2'3(13;L,(:  +.-.3,(:N<,;+.%0%0!;125+)==>"+:1:3%)-+1"1(321'(1) 113.:) (1+!16'25!25+120=+!3;!*3'>

)(:125+!1&).'+20!3;!1*,-).1)(+B!

I

G'()**+1;+.2'-)2'3(15)*!)!5'-51=32+(2")>1;3.1 +8**'3(13;!-.++(53,*+!-)*+*l @KLKA%%!'(1>,:'(-!8+25)(+

@#LMAN(:!('2.3,*I3N":+!@OPJAB!45+*+8(8)*1=.3:,1+:1:,+123125+1'8=3.2)(2!13(2+(2!3;!3.-)('1!

8)22+.1)(:! (2.3-+(! =.+*+(2! '(! &'()**+B! 45+! :+138=3*2'3(! 3;! 3.-)('1! 8)22+.! ,(:+.1)()+.39'1!

13(:'2'3(*%!25)2!'*%!6'253,2! 25+ =.+*+(1+!3;!3NO-+(%! +8'2*18+25) (+!:,.'(-1*23.)-+!)(:12.)(*=3.2E

8'('8" H+!25+*+! (+-)2'&+! +;;+12%1 3;1 25+!)==>'1)2'3(! 3;! &'()**+! (! 25+! *3'>! 3(! KLK! +8"**'3(*¢

+1388+(:+:1231:+&+>3=19+22+.1=.)12'1+*1;3.125+18)()-+8+(2!3;125™*1 . +*': +BI$*1)|=3**'9>+1*3> 2

23125+*+1+8"**3(*0p! 25+19'3:"-+*2'3(13;1&'()**+!*2)(:*13,2%! 68" '2'3(1 23! .+:,1'(-125+!3.-)("'1!

>3):1=4+*+(21'(125+1 &' ()**+%!)>*31+()9>+*125+11)=2,.+1) (:! *+13;125+19'3-)*1=.3:,1+:1'(125+!=.31+

8'2'-)2'(-18+25)(+!+8"**'3(*I'(23125+!)283*=5+.+B!

I

45+1=3549'>'2013;1'(2+-.)2'(-125+1)()+.39" 11 -+¥2'3(13;1&' () +E251*, 9% +<, +(21 13(1+(2.)2'3(1"*1)>*3!
13(*:+.+:96! 25 *1)>>36'(- 231 ¥3>&+! '8=3.2) (2! =.39>+8*1'(1'2*1 :*=3%)>B1 (1 25+! 3(+! 5)(:%! 25+
&3> 8+1)(:1=.39>+8*)**31')2+:16'251'2%12.) (*=3.21).+1+>'8'()2+:C1) (:! 3(125+!325+.15) (:%!"2! +()9>-
25+ 1+ (+.-01,%+13;19'3)*06193251231. +=>) 1+1;3%%'>; +>#1)(:1231% ==>01=).213; 125+ 1+(+.-01, *+:1'(125+18
13(1+(2.)2'3(1=.31+B
|
Q( &'+6! 3;! 25+1 )93&+%0! 251 +*+) 15! = 3R+121 )'8*1 )21 25+! "#$! 3:1 25+1 *+*1 3; &'(J*+! @+
9'3:-+*2'3(13;1& (P +) (113 [:-+*2'3(131&/()* *+1)(:L'>2+.12.32A%!)*16+>>1)*125+1+>)93.)2'3(13;1)(
%2,:013;1 25+ &'()**+1 +>+12.3>02'11 13(1+(2.)23.%! :+&+>3=+:1'(1 25+1>)93.)23.0! 6'25'(1 25+ *13:
= 3R+12ISTBIAS+"#$1*2,:+¥16'>>1)>>361 25+ +(2'7'1)2'3(1) (:1<,)(2'1)2'3(13;1 25+1'8=) 1 2 H(&E>«
25+ ¥4413:1& ()< H+(+.)2+: 1 (125+1% ). [+(+.-01*+123 B
| !

U#KQ!D.3R+12!(,898 !



IH$$%$8%"()* +&. -/

"HBI06& () B&H+ %6-$,+8 *$/(0%6) S0+ 1S U6+"-$/1")$ 4
2)%3,-$%+1$/4"$8%(-"$/%"*$

HBOLSE S () (F+"&, (¥ /01 +2"
+3"8$'45$65%#"7(5%801+2"
7(%(9:('75%*(;"5,"4"*$&"#$ //01+2"
! !
"HU&'()*]  "HSBUI&IS()F+ 1) (+(-*+(./&101-*23%/ )
! !

+,-./0% 1 4+1(01,56,3+,718(+9149,17(0%--2,-*+,712,01+01*/714+9,I-, ' -(3*10+17(,01+.1(7,/+(:;1+9
0+.2%- 16+ /+(*1¥/7149,13".0,0+1". 3*+(./1:. 214+9(010+.2*- &
4+1(01,56,3+,71+9*+!8(+91+9,12,01'+01+9,161="(316.'(3(,018("I=, !, *=.2*+,71¥/7)
(06',),/+, 7101+ +1"#$S%! (0112 % (+;1(/1"2*>(I<
HRLR4( 12149 1()6',), [+*+(1.:13%2=./13*6+12, 1+,39/.".(,01(/!1+9,162.3,00!.!
%[ 2.=(317(-,0+(./1.:12(/*00,1%/71:(+,213*@, %/ 71(/1+9,1,/7110,0!.:1+9,162.713, 7!
=(.-*0!
!

! !

12345234D)* A,+,2)(/,01+9,1:1"1) (+(-*+(./16.+,/+(*1.:1+9(0I"#$S%%!+,397. | (/1"2*>('1*/71%B.!
C*1'.1%+*+1<
A,).J0+2%+ 0149 1()6.2+*/3,1.:101-*23%/ 1=*0,71=(.,/,2-;13*2=./13*6+12,1*/7
0+.2*%- D"#SSWIE<
#2915+ OI"H$$%!=0,71./1,)(00(./01:2.)101-*21: 2) [+*+(./1%/71=*-*00, !
3.)=10+(./<!
$.)=(/(/-1=(.,+9*/.162.713+(/18(+9!$$% !
|

| |

67)0./04 |

" 2%>((*/13.))(+),/+01*+1 49 1 C*2(01%-2, ) J+F1"(.,/,2-;10;0+,)01 8(+9! 3*2=./1 3*6+12, 1*/710+.2*- |
D"H$S%E! *2,1 +,39/.".-(,01 +9*+13.)=(/,} /,2-;1 62.713+(./1 :2.)l =(.)*00! 8(+9! 3*2=./ 3*6+12,1 */7!
0+.2%,<1G9,0,10;0+,)01*2,1,00,/+(*1+.1%39(,2,1+9,I$HI! ) (00(./! +*2- +01*001), 7! =:1+9,10(-/*+.2;!
3.1/+2(,01.:149,1C*2(01J-2,,), [+ +1./1=;12,713(/-1$HI1,)(00(./OI(/+.1+9,1%+).069,2, FI=1+1¥0.I=:1
2,).2(/-1(+1:2.)149,1J2(2.0) J+< |

"2%>('F1%0149,18.2'7TKO! =(--,0+162.713,21 :101-*23%/ 1%/71 +9/."FI (+19%01*/1()6.2+*/+1 3. 421 +(./1+.!
+0,12,713+(./1.:1-"=*1$HI!,)(00(./01*/71%0.1+.1(+012,).7%'1:2.)14+9,1*+).069,2,<! 4/1+9, l ILILMIN!
9*2?,0+F!1*33.27(/-1 +. $SHOIA$SHQCIORAJ! OI$4HOIS! A#! J"I%GSAQRCKBH'1 62.713,7! TUV<
)('(/1+./01.:101-*23%, F1.:189(39IWLL!)("(./018,2,17,0+(  ,71:.21+9,162.713+(./1.:IVN<I)("(./01+./0!
101-*21%/7149,12,%(/7,2FWUV<UN)("(/O! +./OF! 7,0+(/, 7! .21 49,1 62.713+( ./ IX<Y! =("(./0V'(+,20,
+0%.< |
J'0.F1¥33.27(/-1+.1$SHOJ"F1+9,1$ /+ 6. 1+912,-(./1.:1"2*>('18*012,06./0(=", .. 21¥662.5()*+,";IXLZ!.:!
+9,1 +9*/.'1%/7101-*21 (/1 +9,! ILILMIN! 9%22,0+F! 8(+9! )69*0(0! ./! +9,! %+*+ ! .:1 %B.1 C*1'.F! 89.0
01-*23*/,1)("(/-1 (/1 +9(0! 9*22,0+! 8*0! WUV<W!)("(./0! +./0189(39!8,2,1 10, 7! +.162.713,INV<WX! =('
'(+,200.:L,+9%/ " T/ THT<NI)("(JO1+./0).:101-*2< |

"%0,71/162. T13+(/I7*+*1:. 2149 ILILMINIO*2?,0+I8%01,0+()*+, 7140, 140,.2, +(3%16 +,/+(*'1:.213%6+12(
SHIN(/1+9,1"2%>((*/1/719%B.1C*1'.101-*27/,2-:10,3+.2<1G9,12,01'+0109.81+9*+1+0, 149, .2, +(3*16.+,/+(
L 2I$HII3%6+12,1:.21"2%>(171,1+.1=%-%00,1=12/(/-1/71:,2) J+ *+(./162.3,001%2,12,06,3+(?,1 IVI<NT
*[TIIKUYT)("(/O1+./01 I SHIKI[.2149,1%+%+ 1 :196B.1C*1' . F1¥0.1:.2149,1=12/(/-1 .1 =*-*00,1*/71 +9,!
: 2),/+*+(./162.3,00F1+9,0,17+1,01%2,12,06,3+(?,"; INWN<LX*/7INL<XVI)("(/O!+./01.:1$HI<
[.2140,13%31*+(./018,2,11 0,7!4+9,12%'1,01.:101-*23%/,1)("(-F!,+9*/.162.713+(./*/7I$HI1:*3+.20!:.2!
1,2),/4%+(./162.3,001%/71=*-*00,1=12/(/-<14+18*01*'0.1*001), 7!+9%+1+0,1$HI!- /, 2%+(./1*3+.201*2, F!
2,06,3+(?,;FIL<YT!I@-1.:1$HII6,20'(+,21 21 +9%/." T+ 7ILKWY!+./0! ;I $HI!6,2! +.401-*23%/,1)("(/-F!
3./0(7,2(/-1+9%+1*"1+9,1=*+00,162.713,7!(0!=12/, 7



I"HS & ()*+ HS- S HHS (+Y0H LIS 238 AHI$* HS51&6)3)&($/+ &LS &(, SH*"&(-3$/HA*-1T$) ($#/2#4
[&+3-$ [HA*-1T$ &IS *"#S #A-(-%0) A% [H4*-1$ <)*"$ *"H$ 1H& HI*S 2-+#(*)&3$ .-1$ 4& MB( A& DEHIH
SHAZAHHS" & TS<) ") (" HS/A-243$- $; 1->HA*S? @SAB223)H, S&IIH Yot (*$.- LS+ HS2-*H#(*)&3$-.$5!
1#,)%#(*&18$0&/)($) ($51 BB)3%#1'8SC (#1'8$<)*"$D&10-($D&2*+1#$&(, $9*- 1& H#$; 1- 1 &N G S #S
2-4H(%)&3$.-1$482%+ 1) (B&(,$/*- 1) (‘EEMA0)//)- (/S HHLEM . $) (B #S H1YoH(*&*)-($21-4#//$&(,$0+1(
- $0& &I IHB)ISOH) ($HI*)%&*#,T$)($,)/&" 1# &*#,$.-1%$08$/+' & 1$&(,$&34-"-8$23&(*=$
D-(/) #1)($*"#$ 2 1/24#4%) IH$S- $+/)('$.) *#1SAGKHS&(,$I) (&//#$.-1$0)- &/$21- +4*)-(7$DHI$H%)
&3/-$0H) (BH*)%E& 4, $ - 1S HEA"S 23&(*T$ 4-(/) #1)($*"H#$ ) (&3S +HS$-.$0)-'&/$ - 1S H(#1&*) (S #3#
21- +4)('$0)-9bH" &(H=$ I"HS +/H#$ - S HIHS 1#1), +#1$ -1$0)-'&/$ 21- +4%)-($ <) 33 #(&O3HS *"#$ 4¢
1)'0).)4&(*$&Yo-+(*/$-. $DHE=
$
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IH $$%$8 %" ()* +&. -9

I"HSV&H (), &t —+".1)"0) 1" (+96) 2%+3)4+#-(—+".)56) 7' (5".)*~(8Y6}&(
|
I"HS06&! () ¥ f+,-&' |- Yo# 01"+ +23/8'4)' 53'6%$"-5"71""-5'I"3+"-06'8)"* #"-5"9

01719":-&+,+/+%'53";<&,="1">;*? 3@k, B'53'53'4"%'B"/$%1'CBIBD'4H%'B"/$%1'4B1'1#"J,$
83&3"#=2"13-+#3'K%#'L#33-2%/&3'L"&"--%A"+,%-1'@-,A3#&,5"53'53'4"%'B"/$%

! !

U068 ()% "HSHYI& ()$*) HYb+H! H(-./(*$10L/(*) HY62+1345) *(./(*) HY%62

! !

+,-./0% 1 56'21$-2-*$.61-78(#$-916#:1*9-1/%)-1)6-1./$$-96)19-2.$'8) #9621#&1)6-Y6)-$*.) #%!
<)i--QI<H$' 1% '91*0HQI=$*86-%0- Vo1 1#(-./(*$12' 1/ (*) #%2!*$->156-1$-2/()21'%9" *)-!
)6%)1)6-21+$-106#)1%0-;/%)->I5#12/$8*221)6'21('1')*) #Y%o+*1%-:12-) #&! @-UBHSD 2!
8#)-06)"*(18*$*1-)-$216*21<--06|8$#BH2-0+1:6'.6126#:-9 =HH#I*=$--1-9%)1:') 6!345!
 (J(*)#%2>1C)21/2-1264#1(91' L8SHD-1)6-1;/*(') 2H&I2' L/ (*) HY6 2 HEI<HS . 1* '9I& ) $1) s

! !

12345234D)* "#$'.I1*.'9126#:21$-(*)'D-(?12) $#%=-$*024#$8) #%6!-%-$="!)#*$9I=$*86-%-

<-):-- QoI <HS 1% OV LH(-./(-21* %69 =$*86-%0-1' Vo HI=HHOI*=$--1-6) JH#I3A5] *(/(*) #%2

|
! !
67)0./04 |
"HSHY!'21%01-22-06) % (1%6/)$'-%%) | &HSB! 8(*06) | =$#:) 61 *0691 *0'1*(2> H#t:-D-$+1)6-1- 7. 2HH GHS-!
B*F*$O#/2>1C %4010 D'$HI61-06) IS 61'061:%)-$+I<HSHIIS-* ) 21:)61:%)-SI&HS L Yo=I<HS' 1 'Ol HI"K.
<HBHYO!'21 &#1%91%)16'=6! #%.-%6)$*) #9621 '%! 8#9/.-91 *)-$+1)6-$-1"21%1%6--91 J#1-&&..-%)(?!8-$&+
* 1918 ()$%) HY%6! &H#$!-%D'$#%61-%)* (| U6-DPA! 6-*()621 *%691*=$'./()/$*(! #%62/18) #%>I M$*86-%-1'2
B$H1'2'06=1 1%)-$*(! &#S$! &'()$*)'H%! O/-1 )#! =HHO! 1-.6*%' *(! 8$#8-$)'-2! *%9! .6-1'.*(I 2)*<'()?>
'0pD-2)'=*)-| <H$'.1* 'O1 &' () $*) H%! ) 6SH/=61 =$*86-%0-1 <21 1#(-./(*$! 2 1/(*) #%2+1:-1)-2)-O1 6#:1* ./ $¥)-
)6-1./$$-96)19-2.$'8) HIOIH&!)6-1'06)-$*.) HYo1<-):-- Yo | <HS'I* 'O1*0691=$*86-%6-1'2>156'21)-2)1:+218-$&H#
<?1 #18*$'%=1)6-1'%)-$*.) #9%6!#<)*'%-9! &$#1! QHE-B)6-(#)! | @"L!/2'%=1 &#$.-1&'-(921*D* (*<(-1'%
()-$%)/$-1 )# 3-9%2')?! 4/%.)'#%*(! 56-#$?! 1345L! *EYE%2! ')6! -(-.)$#%'.! 9'28-$2'#%>! 56-! 3¢
FI(F)#%2):-$-18-$8#$1-9'%61)6-I0CNOSG! . #9-1/2'%=1)6-10",1&/%.) #Y%6*(+1:6'(-1)6-1'%6)-$*.)'#%61 &
@"1F2IH<)*%-91'%! @G, POI2#&) *$->156-1$-2/() 21 &$#11345126#:1)6-1¥024#$8) #06!-%6-$=21#&I<H
#%1=$*86-%-1QBRI-S+'%69" ) 06=1*1$-(*)'D-(?12) $#%6=1%))$* ) #06> #$-#D-$+1)6-1$-2/() 21* (2#!'%S
@"1/%9-$-2)'1%)-21)6-'06)-$*.) H9%!-%-$=2>156'21#<2-$D*) #9612/==-2) 21)6*)I') 21/2-I'Vol L#(-./(*$197¢
2'1/(*) H%21 &HB <H#S$'1* 91 &' ()$*)'#V6! ) 6SHI=6] *$<H#Yo| Yo* YBDIA=6)! 8SH#I -1 /%S$-*('2)'.1$-2/() 2>
N K[ 2-481) %) +1:-18-$E&HS1-01¥106-:18*$*1-)$ F*) HOO &I @- %Yo BB8Y6-218#)-%) *(1<*2-O1#%!-Yo-$=
*0/601 &HS.-21&SH11)6-13451 *(./(*) HY62NHIH<)* %ol ¥1<-))-$19-2.$'8) HO6I#&1)6-1222)- 11#&!1'06)-$-2)>I!
8H#)-9%) *(126: 21=HH#O*=$--1-0%)1:")613451$-2/()2+1:6'.6!'069" ¥)-21)6*)I') 21/2-IVol L#(-./(*$12' L/ (*) #%2!
1'=6)!"L8$#D-1)6-19-2.$'8) HY21#8&1)6-12'1/(*) #Y2>!
|
T-&-$-%.-2UVANX!
G.Y%##:(-9=-1-%)2U! 56-1 */)6#$2! *.Y%ott:(-9=-1)6-1 2/88#$)! #&! )6-| TAMIGR-*$.6! Z-%)$-! &#$! M*
©6%6HD*) #%+16#2)-91<?1)6-1\0P!*%69! 28#%2#$-9! <?| AGPNOP! || GRARQIQNEY_]AG-*%6918%#b-.
%/1<-$1|Q]Q QW _ AL +IP-)$#%*2+IGdP!I"$*F' (e21d*) #%6* (1K' (+1d*)/$*(IM*2+ %0601 #&/-(21G=-%
*0691ZdP;b
|
[ !

TZMCIP$#b-.)1%/1<-|
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I"HP%& HY (") -

"HSO6HE ()5 ()+( - YHS) = HO1#2- #1-.,()3-($43%/()*-)567) )
(/(008./%#)*-)39:)*-)5; %ot< Q) =H;$%: #>) P#/%H)*()=HO#.9>)#,0#" @
1(*-$#3-1)3-($43%/#)%1+$A/%,3)BC

!"#$%"&'(%)*‘+&,)%"'+"-.&.-'/0'1&),2'34'.-'5,"6-"%89&380"&'<-=-%'7080'(2,2>=2'(4'?4'@&AA"B'&'
ICBA#'#)#2'.-'?-2D"EBD"&AQ'FB"6-%A".&.-'.-'1G2'+&),20'3%&A",
TCBA#'#)#2'.-'HB-%I"&'-'J>="-B#-0'FB"6-%A".&.-".-'1G2'+&),20'3%&A",
8K-A-&%D:'(-B#%-'L2%'?%--B:2)A-'?&A'CBB26&#"2B0'3%&A",

! !
U068 ()% "HSY6&'(%$'()*1+*,-./0¥11'1234516%0/%! 1*1 7%#96(89!:*1', %. $1:$<,=0/)%!3?
| |

+,-./0* | 1< @')*1<*1'H8!/(1/0%H ASIBAS/LXA#H ™ - [0*11'12341'SIAS$%!1%6BI$%/*#' B!
0%(0'()#%CD'BI 1" AB/(%B!1')%(*, I'1'1E*()'BI'S/BB*#%B!'B) %0/*(8#/%B!1*1<%=B
0*()#IFA(1*1%BB/$!<%#%# 1ACG*11'I'$/BBD'B!)*)%/BI1'11/-H/1*11'10%#F*(*]

| |

12345234D)* "BIE*#$%CD'BL.*,-./0%B!1%!6%0/%!1*17%#%(8!(%!# ./G*IBAL'B)'1%<#B'()%$!<
<%6#' BI1'H#*0J%BIB' JKOB #L%)-#/*10*SIEYL *#%6F/ /1%1'1<%6#%1%H# Y& (%3 ()*!
23411
"196L.%,/%CG* 1%*0*##M(0/%!1'.8BI1'12A/%F8I 7%A., /B)%!<*1'1/(1/0%# A$Y%6!<*
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6,1 631/ 46+2-3=! *5/35*1 2,7/1 8228*4! +/3=.=.32.1 64/:672.! 8=-4/.649/,1! AJGE1B%! 3*6-2,?! 7
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6.72527=CI#8*4:/24652:*74=14*586F 1. 6<1*11613/F*41 7% +*467<4*15642672/,1/0178*1./:+ * 71!
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%#1+)1&'11($<H#O+1#)I$+3&,+!1+'1+)I+'C7$&'3+ #OICHS7#%9+1! 7| AHB&'7#D!
| |
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OH'1=$&3&, + 1%+, +$I()+S1,#) 7 H%E( | 5+I3HT'+'CT$EB #OI<HO, &$1I<&BN) 7T<<+$+' 110+ H$T¢
#91&-1#1171,171=(%970! =&9707+1! & 37, 7*#,+! 5+1*0&%6#9! :#$37"* +<<+0,1D!>57111,()2! #
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$=$!>,5652")55:2--91'082'3)86!70!,88+3+.0,-1.23"*)1.:13(+5!532891+5! |
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4),'3.41,0813()!,+414),'3.461013()!:2)-14),'3.4&1;+ * 55!+51:240)8125+011%)3,-1. B+8)5&!I>(+'(1,4).B+8+
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